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Executive Summary

Vortum Energy (Pty) Ltd (Reg. No. 2013/088004/07) is proposing the establishment
of an energy generation facility (thermal power plant) with associated infrastructure
and structures on a portion (£130 ha) of the Remaining Extent of the Farm
Langeberg 188, Malmesbury RD (861ha), located in the Saldanha Bay Local
Municipality, West Coast District Municipality, Western Cape Province. The project
site is located 9 km North-East of the Port of Saldanha Bay, West of the regional
road R27, in an area excluded from the provisions of the Subdivision of Agricultural
Land Act (Act 70 of 1970) and already earmarked for Industrial Uses.

The proposed thermal power plant will be a Combined Cycle Gas Turbine (CCGT)
power plant, to be fuelled with natural gas imported by means of one or more gas
import facilities (e.g. LNG Import Terminal(s) and/or new gas pipeline(s)). The
Department of Energy and Transnet are investigating the feasibility of new gas
pipelines and LNG Import Terminals, in order to import natural gas from new
offshore gas fields and/or from other countries (e.g. Mozambique). A public
participation process in terms of the EIA Regulations (2014) is currently being
conducted by Environmental Resources Management Southern Africa (Pty) Ltd for
LNG Import facilities as well as a Floating Power Plant in Saldanha Bay. The
securing of new energy sources, like natural gas, has become high priority for the
Government, considering that the current energy production is not able to meet the
increased energy demand of the country. This leads to frequent electricity shortage
and fluctuations in supply (“load shedding”), detrimental to the economic
development of South Africa.

Should natural gas not be available at the time of the commissioning of the Vortum
Thermal Power Plant, the proposed facility will be fuelled with liquid fuel (diesel or
other types of liquid fuels) until natural gas is available. Gas turbines can be fuelled
either with natural gas or liquid fuel. Due to the current electricity shortage and the
urgent need for new power generation units in the Country, the Vortum Thermal
Power Plant will operate:

e as an Open Cycle Gas Turbine (OCGT) power plant as a first phase;

e in the second phase, with the “closure” of the open cycle (by means of steam
turbine units added to the gas turbine unites), as a Combined Cycle Gas Turbine
(CCGT) power plant.

Vortum Energy (Pty) Ltd requested an independent assessment of the major hazard
installation risks associated with its new power plant as required by Section 5 (1) of
the Major Hazard Installation (MHI) Regulations. Nature & Business Alliance Africa
(Pty) Ltd was appointed to perform the MHI risk assessment.

Liquid fuel (first phase) and gas (second phase) will be imported from the oil pier of
the Port of Saldanha / planned location of the LNG Import and Re-gas Facility
proposed by the Department of Energy by means of a pipeline approximately 12 km
long.

The Vortum Thermal Power Plant will deliver energy to the Eskom Aurora main
transmission substation via two 400 kV power lines (double circuit each)
approximately 27 km long.
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The health and safety risks associated with the thermal power plant were assessed
for two sites:
e The preferred site in the northwest corner of the farm.
e The alternative site in the southern part of the farm.

Hazardous material inventory for Phase 1:

Product Quantity

1. Diesel (Phase 1) 1 931 tons per day
Six aboveground storage tanks of 5 400
m3 each
21 m diameter
17 m high
Estimated bund area per tank is 2 970
m?2

2. Natural gas (Phase 2) 2 890 tons per day
Pipeline fed

The following methodology was applied in this risk assessment:

e A fault-tree analysis method [1] was applied to determine the possible causes of
an event (fault) that could eventually lead to a major incident. For this risk
assessment, an event is defined as a chemical spill or gas leak that could result
in a toxic release, an explosion or a fire on the premises of Vortum Energy (Pty)
Ltd.

e An event-tree analysis method [1] was applied to determine the potential major
incidents that could be the end result of the event. The logic is explained as
follows:

Fault or Event Major
causal factor ‘ incident

e In this risk assessment, an event is defined as an occurrence (a condition or
situation) that is caused by a fault and that can trigger a major incident. This is
best explained by means of an example: A leak in a storage tank that contains a
flammable liquid is an event. The leak was caused by corrosion (the fault). If the
leaking liquid is set alight, a fire will start, which would be a major incident,
because it can cause injury or death due to thermal radiation or an explosion.

e A major incident is defined as an occurrence of catastrophic proportions,
resulting from the use of facility or machinery, or from activities at a work place.
A “catastrophic occurrence” is interpreted [28] as an occurrence (incident), which
can be fatal, disastrous, of definite threat to the health and lives of employees
and members of the public. It is important to note that human lives (injury, fatal
or not) as well as assets (damage) are included in this definition.
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The frequency of occurrence of a major incident was calculated, based on
analysis of international historical data for similar incidents. Similar data does
not exist for South African industry.
The toxicity, flammability and explosivity potential of liquid and gas releases were
evaluated by means of internationally accepted mathematical modeling
techniques [1, 2, 3 and 18].
Toxic releases were modeled by means of the ALOHA mathematical dispersion
model [3] of the Environmental Protection Agency of the USA.
Heat radiation flux caused by a fire was simulated by means of the equations
proposed by Mudan and Groce [1, p243].
The overpressure blast effects of vapour cloud explosions and solid explosions
were simulated by means of the trinitrotoluene (TNT) equivalency methods
described by Baker et al, Decker, Lees and Stull [1, p174].
Meteorological tendencies at the site were taken into consideration.
Individual and societal risks were assessed, based on the frequencies of major
incidents, minimum safety distances and the predicted number of potential
fatalities.
The occurrence and effect of a boiling liquid expanding vapour explosion
(BLEVE) was modeled based on work done by the Center for Chemical Process
Safety of the American Institute of Chemical Engineers.
A human impact is defined as the effect that a major incident could have on
human beings, whether they are present inside the facility or whether they are
present beyond the facility boundaries within the surrounding community,
including minor injury, major injury and fatality and the destructive effect on
assets.
Baseline risk assessment means a quantitative assessment of the safety risks
associated with a particular major hazard installation, irrespective of the
organisational mitigation measures implemented at the installation.
Residual risk assessment means a quantitative assessment of the safety risks
associated with a particular major hazard installation, after successful
implementation of all organisational mitigation measures, assuming that these
measures are infallible.
The frequency of occurrence of a major incident was calculated based on
analysis of international historical data for similar incidents in Europe and the
USA. Similar data does not exist for South African industry.
The norm for human impacts as developed by the Dutch Advisory Committee on
Dangerous Substances was used in this risk assessment. Similar norms on
human impacts do not exist for South Africa.
The norm for major incident frequencies as developed by the UK Health and
Safety Committee (HSE) was used in this risk assessment. Similar norms on
frequencies do not exist for South Africa.



The following conclusions are drawn from this risk assessment:

1. The hazardous events that could occur at the Vortum Energy (Pty) Ltd facility in
Saldanha Bay are as follows:
e Diesel pool fire at the tank farm.
e Natural gas jet fire.
e Natural gas cloud explosion.

2. The safety risks at the Vortum Energy (Pty) Ltd Saldanha Bay facility are
summarised in the table below.

Estimated Estimated Estimated

Potential Major Possible Consequences Frequency per safety number of
Incident year distance, m human

impacts *

Scenario 1: Diesel storage tanks and pipe work for Phase 1

Diesel leak Pool fire in the bund of one 8.3 E-4 79 1
storage tank
Diesel leak Pool fire in all bunds 6.9 E-7 193 3
Diesel leak Toxic emissions from diesel 8.3 E-4
pool fire in one bund
e  Carbon monoxide 921 17
e Carbon dioxide 270 2
e Carbon particulates 34 0

Scenario 2: Natural gas via pipeline for Phase 2

Natural gas leak Gas cloud explosion 3.2E-3 110 1

Natural gas leak Jet fire 1.0 E-3 14 0

* Based on a population density of 0.00005 persons per m? and an impact rate of 50%. In the case of
toxic releases, one quadrant of the affected circle (25%) was taken into consideration to make
provision for varying wind blow patterns.

3. The health and safety risks were assessed for two sites:
e The preferred site in the northwest corner of the farm.
e The alternative site in the southern part of the farm.

4. At both sites, the primary risk is the release of carbon monoxide from a diesel
pool fire at the tank farm during Phase 1 of the project. This risk has the
potential to affect people beyond the boundaries of the farm. However, the risk is
manageable in the sense that people will have time to evacuate to a safe
separation distance from the tank farm. The secondary risks at the preferred and
alternative sites are due to a pool fire at one or more of the diesel storage tanks
during Phase 1 of the project, or a natural gas cloud explosion during Phase 2. It
is important to note that these risks are confined to the boundaries of the plant.

5. From a health and safety point of view the alternative site is not recommended
due to the proximity of structures south of the plant. These structures may be
inhabited.

6. The individual safety risk transect indicates that the risk profile of the facility lies
partly above the norm for tolerable public risk (1.00E-4) as well as the norm for
tolerable worker risk (1.00E-3) as recommended by the UK Health and Safety
Executive (HSE).
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The societal risk profile for the Saldanha Bay Facility indicates that the safety risk
at the facility lies below the local tolerability line as recommended by the Dutch
Advisory Committee on Dangerous Substances.
The estimated number of human impacts at the Saldanha Bay facility could reach
a level of 17 in case of a pool fire at the diesel tank farm, which will release toxic
carbon monoxide. This number does not exceed the norm of 10000
recommended by the Dutch Advisory Committee on Dangerous Substances.
Two criteria were used to determine whether the Vortum Energy (Pty) Ltd
Saldanha Bay Facility could be classified as a major hazard installation or not. In
order to be classified as a major hazard installation (MHI), the facility must satisfy
at least one of the following two criteria:

The highest frequency of a major incident must be higher
than 1.0E-4 / year

F >0.0001/ yr

UK Health and Safety Executive

OR

The maximum number of human impacts (fatalities) that could
be caused by the major incident must be higher than 10 000

N >10 000

Dutch Advisory Committee on Dangerous Substances

There are no facilities outside the boundaries of the power plant that would be
affected by a major incident.

Based on the above findings, it is concluded that the Vortum Energy (Pty) Ltd
Saldanha Bay facility is not classified as a major hazard installation.

The following organisational measures are recommended for the Vortum Energy

(Pty) Ltd site in Saldanha Bay:

1.

2.

The emergency response plan must be updated in accordance with the
guidelines given in Section 13 of this report.
Operating procedures must be compiled for Vortum Energy (Pty) Ltd, to include
preventative measures against possible diesel and natural gas leaks.
All possible ignition sources at the facility must be eliminated. Guidelines for the
control of ignition sources are as follows:

e Use only electrical equipment that is certified to be flameproof and spark
proof in areas where natural gas is handled.
Control static electricity.
Ensure that vulnerable equipment is properly bonded to ground.
Prohibit smoking, open flames and sparks.
Prevent mechanical sparks and friction.
Use separator devices to remove foreign materials capable of igniting from
process materials.
e Separate heated surfaces from dust.



9.

Separate heating systems from dust.

Select and use industrial trucks properly.

Use cartridge activated tools properly.

Implement an equipment preventative maintenance programme.

The outcome of the risk assessment must be brought to the attention of all the
employees at the facility.
The bulk storage tanks and all diesel and natural gas pipelines must be protected
against corrosion, to prevent leaks.
A Maintenance Plan must be compiled for all the equipment used on the facility
prior to commissioning of the plant. The Plan must contain at least the following:
e List of all equipment and facilities on the facility.
e Maintenance frequency.
e Particulars of maintenance activities that must be performed on the listed
equipment.
e Responsible person.

All hazardous equipment and facilities on the facility must be inspected on a daily
basis by means of an Inspection Register. The Register must contain at least the
following:
e List of all equipment and facilities on the facility.
Equipment items that must be inspected.
Facilities that must be inspected.
Areas that must be inspected.
Inspection findings.
Responsible person who carried out the inspection.

Detailed operating procedure must be implemented for all sections of the facility,
in collaboration with the equipment suppliers, prior to commissioning of the
installation. All authorised operators must be trained in the application of the
procedure.

Preventative measures must be designed and implemented to prevent overfilling
of diesel storage tanks.

10. All operating personnel at the facility must be made aware and kept aware of the

dangers involving diesel and natural gas.

11.The facility must be under safety and security access control for 24 hours per

day. The safety guard on duty must comply with the following requirements:
e The guard must be trained in the potential major incidents that could occur
at the site as well as the emergency procedure that must be followed.
e The guard must be linked via SMS or cellular phone with a responsible
standby person of Vortum Energy (Pty) Ltd.
e The guard must be able to contact the Saldanha Bay Fire Department
immediately.

12.A site layout plan must be compiled for the proposed diesel tank farm in

accordance with the relevant SANS code and must be submitted to the Saldanha
Bay Fire Department for approval.

13.The Emergency Evacuation Procedure aimed at workers as well as the

surrounding residences must be updated in collaboration with the emergency
services of Saldanha Bay and interested and affected parties such as members
of community liaison committees.



10

14. The Emergency Response Plan and Emergency Evacuation Procedure of
Vortum Energy (Pty) Ltd must be tested at least once every 12 months by means
of mock emergencies. The Fire Department of Saldanha Bay must participate in
such tests.

15. A fire water reservoir must be installed on site if the water flow and pressure of
the municipal hydrant network is insufficient.

16. Customer parking bays must be located in an area where public vehicles will not
cause obstruction of emergency vehicles.

17.The bulk diesel storage tanks and pipe work and all natural gas pipelines must
be protected against lightning by means of efficient earthing.
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Legal framework

1. Inclusion

This risk assessment focuses only on the requirements of the Major Hazard
Installation Regulations R.692 of 30 July 2001 issued in terms of the Occupational
Health and Safety Act (Act No 85 of 1993).

2. Exclusions
The risk assessment does not address the following aspects:

e The storage and use of radioactive materials. The National Nuclear Regulatory
Act (Act No 47 of 1999) governs this aspect.

e The environmental impacts that the Vortum Energy (Pty) Ltd facility, or part of it,
could have on the biophysical and socio-economic environment. The
Environment Conservation Act (Act No 73 of 1989), the National Environmental
Management Act (Act No 107 of 1998) and the National Environmental Second
Amendment Act (Act No 8 of 2004) govern this aspect.

e Future development of residential, commercial, industrial or recreational areas
around the Vortum Energy (Pty) Ltd site.

e Future modifications that may be made to the site and the installations on it.

3. Report structure

This risk assessment report has been structured in accordance with the
requirements of the Major Hazard Installation Regulations, Section 5.5 (b).
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Section 1

Statements and Declarations

1. Statement of competence

Alfonso Niemand is the author of this report.

In terms of the ISO/IEC-17020 standards he has been appointed as Technical
Manager of Nature & Business Alliance Africa (Pty) Ltd.

Alfonso holds the following qualifications:

e Baccalaureus Scientiae (BSc), University of South Africa.

e Master’s Degree in Business Leadership (MBL), University of South Africa.

e Certificate course in the Integration of Safety, Health, Environmental, Risk and
Quality Management Systems, University of Potchefstroom, South Africa.

e Certificate course in Environmental Management, University of Pretoria, South
Africa.

e Certificate courses as Safety and Health Representative, Occupational Health
and Safety Services and Advantage ACT.

e Certificate course in Health and Safety Incident Investigation, Advantage ACT.

e Cettificate of training in ALOHA / CAMEQ software, University of California Davis
Campus.

Alfonso Niemand holds the following memberships:

e International Association for Impact Assessment (IAIA).

e South African Right of Way Association (SARWA).

e South African Association for Professional Managers (SAAPM, registration
9/2/99)

e South African Council for Natural Scientific Professions (SACNASP, registration

200026/04).

American Institute of Chemical Engineers (AIChE).

South African Institute of Occupational Safety and Health (SAIOSH).

Member of Disaster Management Institute of SA.

Member of SA Society for Disaster Risk Reduction.

Member of International Society for Integrated Disaster Risk Management.

Alfonso Niemand has 32 years’ experience in the petrochemical and construction
industries in South Africa. He worked with the Environmental Protection Agency of
the United States in 1981 for the environmental, safety and health mapping of an oil-
from-coal facility in South Africa.

2. Quality manual and accreditation

Nature & Business Alliance Africa (Pty) Ltd conducts its risk assessments in
accordance with a quality manual that complies with the requirements of the
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ISO/IEC-17020 Standards for Various Bodies Performing Inspections. Nature &
Business Alliance Africa (Pty) Ltd is accredited by the South African National
Accreditation System (SANAS) as a Type A Major Hazard Risk Installation
Inspection Body (accreditation number MHI-0004).

3. Registration as Approved Inspection Authority (AIA)

Nature & Business Alliance Africa (Pty) Ltd is registered by the Department of
Labour as an Approved Inspection Authority (AlA) for toxic, flammable and explosive
substances (registration number MHI-0002).

4. Statement of indemnity

This risk assessment specifically pertains to the facilities of Vortum Energy (Pty) Ltd
located in Saldanha Bay. Modifications or alterations made to the site, equipment,
facilities or operating procedures and parameters after completion of this risk
assessment are not covered by the assessment outcomes and are explicitly
excluded. Nature & Business Alliance Africa (Pty) Ltd will not be liable for damage
to any assets, injury to any persons or the death of any person as a direct result of
the activities of Vortum Energy (Pty) Ltd (the client) or the client’s subcontractors,
before, during and after the requested risk assessment has been conducted.

The risk assessment conducted by Nature & Business Alliance Africa (Pty) Ltd and
the related findings are based on the circumstances, external factors and conditions
that prevailed at the time when the study was conducted.

The risk assessment, related reports and all recommendations must not be
interpreted as automatic safeguards against an incident that could lead to damage,
injury or death and Nature & Business Alliance Africa (Pty) Ltd does not accept
liability for such damage, injury or death.

5. Copyright

Nature & Business Alliance Africa (Pty) Ltd retain copyright of this report. No part of
the report may be copied or reproduced in any format without written approval from
the author. If any part of the report is to be used for other work by another party,
clear reference must be made to Nature & Business Alliance Africa (Pty) Ltd as the
owner and copyright holder of the report.

6. Condition of non-influence

It is declared that Nature & Business Alliance Africa (Pty) Ltd did not allow any form
of external influencing of this assessment results, conclusions and
recommendations, including undue time constraints imposed on the author, bribery,
incentives offered to personnel and alterations made to this report. The submission
of any draft report to the client does not grant the client the opportunity or the right to
alter the findings, conclusions or recommendations in its favour in any way, without
sound substantiation.
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7. Declaration of independence

Nature & Business Alliance Africa (Pty) Ltd and Alfonso Niemand (the author) in
particular, declare that the organization and its personnel are not related to Vortum
Energy (Pty) Ltd or to its employees or contractors for this assignment. It is declared
that the risk assessment report and the findings are unbiased and was not
influenced by any commercial, financial or other pressures imposed on the
organization or the author.

8. Confidentiality

All information disclosed to us by Vortum Energy (Pty) Ltd or its contractors are
tfreated as confidential. The information contained in this study report will also be
treated as confidential and will not be disclosed by the author to any party other than
Vortum Energy (Pty) Ltd.

9. Validity period

This report is valid for a period of 5 years only, in accordance with the Major Hazard
Installation Regulations.
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Section 2

General Process Description

1. Organisational profile

Vortum Energy (Pty) Ltd (Reg. No. 2013/088004/07) is proposing the establishment
of an energy generation facility (thermal power plant) with associated infrastructure
and structures on a portion (130 ha) of the Remaining Extent of the Farm
Langeberg 188, Malmesbury RD (861ha), located in the Saldanha Bay Local
Municipality, West Coast District Municipality, Western Cape Province. The project
site is located 9 km North-East of the Port of Saldanha Bay, West of the regional
road R27, in an area excluded from the provisions of the Subdivision of Agricultural
Land Act (Act 70 of 1970) and already earmarked for Industrial Uses.

The proposed thermal power plant will be a Combined Cycle Gas Turbine (CCGT)
power plant, to be fuelled with natural gas imported by means of one or more gas
import facilities (e.g. LNG Import Terminal(s) and/or new gas pipeline(s)). The
Department of Energy and Transnet are investigating the feasibility of new gas
pipelines and LNG Import Terminals, in order to import natural gas from new
offshore gas fields and/or from other countries (e.g. Mozambique). A public
participation process in terms of the EIA Regulations (2014) is currently being
conducted by Environmental Resources Management Southern Africa (Pty) Ltd for
LNG Import facilities as well as a Floating Power Plant in Saldanha Bay. The
securing of new energy sources, like natural gas, has become high priority for the
Government, considering that the current energy production is not able to meet the
increased energy demand of the country. This leads to frequent electricity shortage
and fluctuations in supply (‘load shedding”), detrimental to the economic
development of South Africa.

Should natural gas not be available at the time of the commissioning of the Vortum
Thermal Power Plant, the proposed facility will be fuelled with liquid fuel (diesel or
other types of liquid fuels) until natural gas is available. Gas turbines can be fuelled
either with natural gas or liquid fuel. Due to the current electricity shortage and the
urgent need for new power generation units in the Country, the Vortum Thermal
Power Plant will operate:

e as an Open Cycle Gas Turbine (OCGT) power plant as a first phase;

e in the second phase, with the “closure” of the open cycle (by means of steam
turbine units added to the gas turbine unites), as a Combined Cycle Gas Turbine
(CCGT) power plant.

Liquid fuel (first phase) and gas (second phase) will be imported from the oil pier of
the Port of Saldanha / planned location of the LNG Import and Re-gas Facility
proposed by the Department of Energy by means of a pipeline approximately 12 km
long.

The Vortum Thermal Power Plant will deliver energy to the Eskom Aurora main
transmission substation via two 400 kV power lines (double circuit each)
approximately 27 km long.
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2. The facilities on site

A site layout plan for the facility is shown in Figure 2.1.

An aerial view of the Saldanha Bay site is shown in Figure 2.2. The location of
adjacent facilities around the Vortum Energy (Pty) Ltd site as well as some safety
distances are shown in Figure 2.3.

3. Scope of this risk assessment

Vortum Energy (Pty) Ltd is proposing the establishment of an energy generation
facility (thermal power plant) with associated infrastructure and structures on a
portion of the Remaining Extent of the Farm Langeberg 188, Malmesbury RD
(861ha), located in the Saldanha Bay Local Municipality, West Coast District
Municipality, Western Cape Province. This risk assessment focuses on the health
and safety risks associated with the use of the following hazardous products at the
plant:

e Diesel for Phase 1 of the project.
e Natural gas for Phase 2 of the project.
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Figure 2.1: Site layout plan
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Figure 2.2: Aerial view of the site
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Section 3

Potential Major Incidents associated with the installation

The following potential major incidents are associated with the installation:

Product

Quantity

Potential major incident

1.

Diesel

6 tanks of 5 400
m3 each

Diesel oil leak

2. Natural gas

2 890 tons per
day via pipeline

Natural gas leak




Consequences of Potential Major Incidents

Section 4
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The following consequences of major incidents could be expected at the Vortum
Energy (Pty) Ltd Saldanha Bay site:

Potential
Product Quantity Potential major incident consequence
1. Diesel 6 tanks of Diesel oil leak Pool fire
5400 m3 Release of toxic
each combustion
products
2. Natural gas 2890 tons | Natural gas leak Jet fire
per day via Gas cloud
pipeline explosion




Figure

4.1

Consequences of a major event
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Section 5

Estimation of Probabilities of Potential Major Incidents

Probabilities of major incidents

5.1 Modelling basis

Product Quantity
1. Diesel in Phase 1 6 tanks of 5400 m® each
2. Natural gas in Phase 2 2 890 tons per day via pipeline

5.2 The effect of human error

The probability and frequency of a major incident at the Vortum Energy (Pty) Ltd gas
site depend on two main parameters, namely:

e The frequency of operations at the gas site (F). F is estimated as follows:
o Diesel tank filling: F1= 1 per day or 365 fillings per year.
o Total frequency Fr = 365 events per year (3.65 E+2), which exceeds the
norm of 1.0 E-4.
e The probability of an uncontrolled (accidental) release of flammable material (Pa).
Pa is a function of human error.

The probability of a human error (Pre) is defined as follows:
Phe = [Number of errors] / [Number of opportunities for error]

Human error occurrence has been analysed extensively by Swain, Taylor and
Rasmussen. The results were reported by Mannan [6; P14/46] and the American
Institute of Chemical Engineers [1; P377]. A detailed classification of operator error
was done by analysing 200 licensee event reports for nuclear plants. The
classification includes categories both of human behaviour and of task and is
summarised in Table 5.1.
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5.3 Fault-trees and event-trees

A fault-tree analysis method [1] was applied to determine the possible causes of an
event (fault) that could eventually lead to a major incident at Vortum Energy (Pty)
Ltd. Incident data on major incidents involving LPG was obtained from the Canvey
Reports [8]. It appeared from the data that a leak of LPG is more likely to originate
from pipe work than from storage tanks. The higher frequency is taken as the
determinant frequency for this risk assessment.

The following assumptions were made with regard to the probabilities of potential
causes of a LPG leak at Vortum Energy (Pty) Ltd:

e External interference 0,18
e Construction defect / material failure 0,18
e Corrosion 0,18
e Ground movement 0,18
e Hot-tap made by error 0,18
e Offloading/refilling 0,10
e Total 1,00

An event-tree analysis method [1] was applied to determine the potential major
incidents that could be the end result of each event.

The fault-tree and event-tree analysis are shown in the following figures. It is also
important to take note of the potential causes of human error as outlined in Table
5.1.



Table 5.1

Classification and probabilities of human errors
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Number of Probability
Human Error Errors of Error

Task condition
Routine task on schedule 89 0.064
Routine task on demand 11 0.008
Special task on schedule 51 0.037
Ad hoc, improvisation 21 0.015
Other 27 0.019

Task control

Paced by system dynamics 9 0.006
Paced by programme or orders 4 0.003
Self-paced 166 0.119
Other 21 0.015

Error situation
Spontaneous error in undisturbed task 93 0.067
Change in condition of familiar task 27 0.019
Operator distracted in task, preoccupied 10 0.007
Unfamiliar task 22 0.016
Other 48 0.034

Task
Monitoring and inspection 3 0.002
Supervisory control 13 0.009
Manual operation and control 17 0.012
Inventory control 30 0.022
Test and calibration 47 0.034
Repair and modification 60 0.043
Administrative and recording 4 0.003
Management and staff planning 13 0.009
Other 13 0.009
Effect from
Specified act not performed 103 0.074 max
Positive effect of wrong act 65 0.047
Extraneous effect 15 0.011
Sneak path 12 0.009
Other 6 0.004
Potential for recovery

Effect not immediately reversible 29 0.021
Effect not immediately observable 137 0.098
Other 34 0.024

Error categories
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Absent-mindedness 3 0.002
Familiar association 6 0.004
Capability exceeded 1 0.001
Low alertness 10 0.007
Manual variability and lack of precision 10 0.007
Topographic and spatial orientation inadequate 10 0.007
Familiar routine interference 0 0.000
Omission of functionally isolated act 56 0.040
Omission of administrative act 12 0.009
Other omissions 9 0.006
Mistake, interchange among alternative possibilities 11 0.008
Expect and assume rather than observe 10 0.007
System knowledge insufficient 2 0.001
Side-effects of process not adequately considered 15 0.011
Latent causal condition or relations not adequately considered 20 0.014
Reference data recalled wrongly 0.001
Sabotage 0.001
Other 17 0.012
Total opportunities for error 1394
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Figure 5.1: Causal factors for unexpected fire or explosion

Probabilities are given between 0 and 1

Unexpected event

0.119 max

Causal Factor Probability
Routine task on schedule 0.064
Routine task on demand 0.008
Special task on schedule 0.037
Ad hoc, improvisation 0.015
Other 0.019
Paced by system dynamics 0.006
Paced by programme or orders 0.003
Self-paced 0.119
Other 0.015
Spontaneous error in undisturbed task 0.067
Change in condition of familiar task 0.019
Operator distracted in task, preoccupied 0.007
Unfamiliar task 0.016
Other 0.034
Monitoring and inspection 0.002
Supervisory control 0.009
Manual operation and control 0.012
Inventory control 0.022
Test and calibration 0.034
Repair and modification 0.043
Administrative and recording 0.003
Management and staff planning 0.009
Other 0.009
Specified act not performed 0.074
Positive effect of wrong act 0.047
Extraneous effect 0.011
Sneak path 0.009
Other 0.004
Effect not immediately reversible 0.021
Effect not immediately observable 0.098
Other 0.024
Absent-mindedness 0.002
Familiar association 0.004
Capability exceeded 0.001
Low alertness 0.007
Manual variability and lack of precision 0.007
Topographic and spatial orientation inadequate 0.007
Familiar routine interference 0.000
Omission of functionally isolated act 0.040
Omission of administrative act 0.009
Other omissions 0.006
Mistake, interchange among alternative possibilities 0.008
Expect and assume rather than observe 0.007
System knowledge insufficient 0.001
Side-effects of process not adequately considered 0.011
Latent causal condition or relations not adequately considered 0.014
Reference data recalled wrongly 0.001
Sabotage 0.001
Other 0.012
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Figure 5.2

Fault-tree analysis on natural gas pipe work
Probabilities are indicated in brackets < >

Frequencies (average number of incidents per year) are indicated in brackets () for
data obtained from the Canvey reports [8; PA7-8]
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Event-tree analysis on natural gas pipe work

Figure 5.3

Frequencies are given in () brackets
Probabilities are given in < > brackets
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Figure 5.4

Fault-tree for diesel storage tanks aboveground

Frequencies are given in () brackets
Probabilities are given in <> brackets
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Figure 5.5

Event-tree for diesel storage tanks aboveground

Frequencies are given in () brackets
Probabilities are given in <> brackets

Refer to [42]

30

Leak from one of 6 tanks

Probability of a leak on one tank is estimated at <2.65 E-2>
Leak frequency on 6 tanks estimate (1.20 E-1)

v

v

Formation of a
liquid pool in bund
<0.01>

No ignition source
present
<0.5>

Ignition source
present
<0.5>

Pool fire in
bunded area

(8.3 E-4)

Ignition of
surrounding
flammable
materials
<0.8>
(6.6 E-3)

Release of toxic
combustion

\ 4

gases
(8.3 E-4)

A 4

Environmental
damage
(8.3 E-2)

A 4

Formation of a
vapour cloud
<0.00001>

A 4

Ignition source
present
<0.8>

A 4

Vapour or
aerosol cloud
explosion
(1.7 E-7)




Figure 5.6
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Typical conceptual piping and instrumentation diagram for a diesel oil tank
aboveground
[1, 316]
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Section 6

Meteorological Tendencies

6.1 Lightning

Lightning can be a trigger to serious plant disasters, for example when a strike hits
vulnerable parts of the complex where flammable or explosive materials are stored.
The incidence of lightning in the Saldanha Bay area was investigated [30] and is
shown in Figure 6.1. In the Durban/Pietermaritzburg area thunder is heard about 4
times per year, compared with 50 to 60 times per year for Johannesburg, 11 times
per year for the most of Europe and 150 times per year for central Africa.
Thunderstorms are common in South Africa and typical for the north-eastern
summer rainfall regions.

The incidence of lightning in the Saldanha Bay area, where the facility is located, is 0
to 1 strikes per square kilometer (106 m2) per year. The surface area of the site
amounts to about 130 000 m2, which implies that the incidence of lightning at the site
area is about 0.13 per year. In other words, one strike is likely to occur at the site
every 7.6 years.

It is unlikely that lightning could be the cause of a major incident at the site. It is
nevertheless recommended that all parts of the installation be inspected to ensure
that adequate earth links are installed on vulnerable components, such as
aboveground pipe work, valves and electrical connections.



Figure 6.1

Number of lightning strikes per square kilometer per year in South Africa
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6.2 Wind direction and speed

Over the course of the year typical wind speeds vary from 0 m/s to 11 m/s (light air
to fresh breeze), rarely exceeding 14 m/s (high wind).

The highest average wind speed of 7 m/s (moderate breeze) occurs around January
18, at which time the average daily maximum wind speed is 11 m/s (fresh breeze).

The lowest average wind speed of 4 m/s (gentle breeze) occurs around July 5, at
which time the average daily maximum wind speed is 6 m/s (moderate breeze).

Figure 6.2: Wind Speed
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The average daily minimum (red), maximum (green), and average (black) wind speed with
percentile bands (inner band from 25th to 75th percentile, outer band from 10th to 90th
percentile).

The wind is most often out of the south (32% of the time), northwest (14% of the
time), north (13%of the time), and south west (12% of the time). The wind is least
often out of the east (2% of the time), north east (5% of the time), and west

(5% of the time).

Figure 6.3: Wind Directions for the Entire Year
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The fraction of time spent with the wind blowing from the various directions over the entire
year. Values do not sum to 100% because the wind direction is undefined when the wind
speed is zero.
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6.3 Surface temperature

Over the course of a year, the temperature typically varies from 7°C to 27°C and is
rarely below 4°Cor above 31°C.

Figure 6.4: Daily High and Low Temperature
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The daily average low (blue) and high (red) temperature with percentile bands (inner band
from 25th to 75th percentile, outer band from 10th to 90th percentile).

The warm season lasts from December 9 to March 27 with an average daily high
temperature above25°C. The hottest day of the year is February 15, with an
average high of 27°C and low of 17°C.

The cold season lasts from May 26 to September 14 with an average daily high
temperature below19°C. The coldest day of the year is July 5, with an average low
of 7°C and high of 18°C.

Figure 6.5: Fraction of Time Spent in Various Temperature Bands
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6.4 Cloud cover

The median cloud cover ranges from 26% (mostly clear) to 54% (partly cloudy).
The sky is cloudiest on August 28 and clearest on February 14. The clearer part of
the year begins around October 9. The cloudier part of the year begins around April
23.

Figure 6.6: Median Cloud Cover
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The median daily cloud cover (black line) with percentile bands (inner band from 40th to
60th percentile, outer band from 25th to 75th percentile).

On February 14, the clearest day of the year, the sky is clear, mostly clear, or partly
cloudy 71% of the time, and overcast or mostly cloudy 15% of the time.

6.5 Rainfall (mm)

The probability that precipitation will be observed at this location varies throughout
the year. Precipitation is most likely around June 17, occurring in 45% of days.
Precipitation is least likely around February 8, occurring in 15% of days.
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Figure 6.7: Probability of Precipitation at Some Point in the Day
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The fraction of days in which various types of precipitation are observed. If more than one
type of precipitation is reported in a given day, the more severe precipitation is counted. For
example, if light rain is observed in the same day as a thunderstorm, that day counts
towards the thunderstorm totals. The order of severity is from the top down in this graph,
with the most severe at the bottom.

Over the entire year, the most common forms of precipitation are moderate rain and
light rain.

Moderate rain is the most severe precipitation observed during 49% of those days
with precipitation. It is most likely around July 7, when it is observed during 26% of
all days.

6.6 Atmospheric stability classification

The stability conditions of the atmosphere play an important role when toxic cloud
dispersion patterns are evaluated. The Pasquill atmospheric stability classification
system [18; 32] was used in this risk assessment. The various stability classes are
explained in Table 6.1.

The dominant parameters that determine atmospheric stability is wind speed, cloud
cover and time of day.

A boundary layer exists in the atmosphere and consists of the first few hundred
meters above the surface of the earth. This layer is affected by the retardation of
airflow due to frictional drag of the surface of the earth as well as heat and moisture
exchanges that take place at the surface. During the day the atmospheric boundary
layer is characterized by thermal turbulence caused by heating of the earth’'s
surface. During the night weak vertical mixing occurs and a stable layer is common.
This condition is usually associated with low wind speeds with little potential for
dilution of xenobiotic molecular species.
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The release of atmospheric emissions will result in maximum concentrations at
ground level during low wind speeds and stable atmospheric conditions (Pasquill
class E to F), typically experienced during the night.

Taking all the above factors into consideration, the dominant atmospheric
classification for the Saldanha Bay area is as follows:

January (summer): Class C-D
April (autumn): Class C
July (winter): Class C-D
October (spring): Class D

For the purpose of mathematical modeling of the dispersion effects of toxic
releases from the site, atmospheric classification D was considered to be the
dominant condition for the site under study. This condition represents a worst
case scenario of neutral conditions with high winds and cloudy sky where little
dilution of xenobiotic molecular species will occur.
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Table 6.1

Pasquill atmospheric stability classification system

Surface Daytime conditions Night time conditions
wind
speed in Strong Moderate Slight Cloudiness | Cloudiness
m/s sunlight sunlight sunlight >50% ** <50% **
Cloudiness | Cloudiness | Cloudiness
<10% <50% >50%
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D
A Extremely unstable conditions (calm wind, clear sky, hot daytime)
B Moderately unstable conditions (clear sky, daytime)
C Slightly unstable conditions (moderate wind, slightly overcast, daytime)
D Neutral conditions * (high winds, cloudy, day or night)
E Slightly stable conditions (moderate wind, slightly overcast, night time)
F Moderately stable conditions (low winds, clear sky, cold, night time)

* Applicable to heavy overcast conditions, day or night

** Degree of cloudiness: Fraction of sky above the horizon covered by clouds
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Section 7

Estimation of the Total Result in Case of an Explosion

Background discussion

An explosion is defined as a sudden increase in volume and release of energy in a
violent manner, usually with the generation of high temperatures and the release of
combustion gases. An explosion causes pressure waves in the local medium in
which it occurs.

Explosions are categorized as deflagrations if these waves are subsonic and
detonations if they are supersonic (shock waves) [35]. Any speed faster than the
speed of sound, which is approximately 343 m/s in air at sea level, is said to be
supersonic. Speeds greater than 5 times the speed of sound are referred to as
hypersonic.

Deflagration is a process of subsonic combustion that usually propagates by means
of thermal conductivity, where hot burning material heats the next layer of cold
material and ignites it. Deflagration is different from detonation, which is supersonic
and propagates through shock wave compression of the unreacted material.

Detonation is a process of supersonic combustion in which a shock wave is
propagated forward due to energy release in a reaction zone behind it. Detonation
is more powerful than deflagration. The shock wave compresses the material and
thus increases the temperature to the point of ignition. The ignited material burns
behind the shock wave and releases energy that supports the shock propagation.
This self-sustained detonation wave is different from a deflagration that propagates
at a subsonic speed (i.e. slower than the speed of sound) and without a shock wave.
Because detonations generate high pressures, they are usually much more
destructive than deflagrations.

The simplest theory to predict the behavior of detonations in gases is known as
Chapman-Jouguet (CJ) theory, developed around the turn of the 20th century. This
theory, described by a relatively simple set of algebraic equations, models the
detonation as a propagating shock wave accompanied by exothermic heat release.
Such a theory confines the chemistry and diffusive transport processes to an
infinitely thin zone.

A more complex theory was advanced independently during World War 1l by
Zel'dovich, von Neumann, and Doering. This theory, now known as ZND theory,
admits finite-rate chemical reactions and thus describes a detonation as an infinitely
thin shock wave followed by a zone of exothermic chemical reaction. In the
reference frame in which the shock wave is stationary, the flow following the shock
wave is subsonic. Because of this, energy release behind the shock wave is able to
be transported acoustically to the shock wave front for its support. For a self-
propagating detonation, the shock wave relaxes to a speed given by the Chapman-
Jouguet condition, which induces the material at the end of the reaction zone to
have a locally sonic speed in the reference frame in which the shock wave is
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stationary. In effect, all of the chemical energy is harnessed to propagate the shock
wave forward.

Both CJ and ZND theories are one-dimensional and steady. However, in the 1960's
experiments revealed that gas-phase detonations were most often characterized by
unsteady, three-dimensional structures, which can only in an averaged sense be
predicted by one-dimensional steady theories. Modern computations are presently
making progress in predicting these complex flow fields. Many features can be
qualitatively predicted, but the multi-scale nature of the problem makes detailed
quantitative predictions very difficult.

Detonations can be produced by high explosives, reactive gaseous mixtures, certain
dusts and aerosols. Thermonuclear detonations are believed to be involved in
supernova explosions.

Most common artificial explosives are chemical explosives, usually involving a rapid
and violent oxidation reaction that produces large amounts of hot gas. Gunpowder
was the first explosive to be discovered and put to use. Other notable early
developments in chemical explosive technology were Frederick Augustus Abel's
development of nitrocellulose (guncotton) in 1865 and Alfred Nobel's invention of
dynamite (stabilized nitroglycerin). A new order of explosive, the nuclear bomb, was
invented in 1945 by Allied scientists. In 1952, the US military developed the first
fusion bomb.

Boiling liquid expanding vapour explosions (BLEVE) are a type of explosion that can
occur when a tank containing a pressurized liquid is ruptured, causing a rapid
increase in gaseous volume as the liquid evaporates. High current electrical faults
can create electrical explosions by forming a high energy electrical arc which rapidly
vaporizes electrode and insulation material and produces a resultant shock wave in
air.

Explosions are common in nature. On earth, most natural explosions arise from
volcanic processes of various sorts. Explosive volcanic eruptions occur when
magma rising from below has much dissolved gas in it. The reduction of pressure
as the magma rises causes the gas to bubble out of solution, resulting in a rapid
increase in gas volume. Explosions also occur as a result of earth impacts. On
other planets, volcanic activity and impacts cause explosions with various
frequencies.

Solar flares are an example of explosions common on the sun, and presumably on
most other stars as well. The energy source for solar flare activity comes from the
tangling of magnetic field lines resulting from the rotation of the sun's conductive
plasma.

Among the largest known explosions in the universe are supernovae, which result
from stars exploding, and gamma ray bursts, whose nature is still in some dispute.

When a large amount of LPG is rapidly released, a vapour cloud forms and
disperses into the surrounding air [1]. If the gas cloud is ignited before the cloud is
diluted below its lower flammability limit (LFL) a vapour cloud explosion or flash fire
will occur. The main consequence of a vapour cloud explosion is an overpressure or
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shock wave. The main consequence of a flash fire is direct flame contact and
thermal radiation.

Four features must be present for a vapour cloud explosion to occur, namely:

e The released material must be flammable.

e A cloud of sufficient size must form prior to ignition. Delay times for ignition
usually vary between 5 and 60 seconds.

¢ A sufficient amount of the cloud must be in the flammable range, between the
lower and upper flammability limits of the specific gas.

e Sufficient confinement or turbulent mixing of a portion of the vapour cloud must
be present.

The blast effects of a vapour cloud depend on whether deflagration of detonation
follows, with a deflagration being the most likely event. A transition from deflagration
to detonation is unlikely in open air. A deflagration or detonation is also dependent
on the energy of the ignition source. Larger ignition sources increase the likelihood
of a direct detonation.

Some approximate damage estimates for common structures based on
overpressure are given in Table 7.1. [1; P163]
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Table 7.1

Overpressure damage estimates

Overpressure,
psi Estimated Damage
0.1 Breakage of small windows under strain.
1 Partial demolition of houses.
Houses made uninhabitable.

2 Corrugated asbestos shattered.

Corrugated steel or aluminium panels fastenings fail, followed by
buckling.

Wood panels in standard housing fail and panels blown in.
Partial collapse of walls and roofs of houses.

3 Concrete or cinder block walls, not reinforced, shattered.
Steel frame buildings distorted and pulled away from
foundations.

4 Frameless, self-framing steel panel buildings demolished.
Rupture of oil storage tanks.

Cladding of light industrial buildings ruptured.

5 Wooden utility poles snap.

Tall hydraulic press (18 000 kg) in building slightly damaged.

6 Nearly complete destruction of houses.

7 Loaded train wagons overturned.

8 Brick panels, 8-12 inches thick, not reinforced, fail by shearing or
flexure.

9 Loaded train boxcars completely demolished.

10 Probable total destruction of buildings.

Heavy machine tools (3 100 kg) moved and badly damaged.
300 Limit of crater lip.




Scenario modelling

1.

Natural gas cloud explosion

Assumptions:

Natural gas pressure at point of consumption is 1 barg.
Leakage is equivalent to 25 mm diameter.

Table 7.2

Cross-correlation 2.4: Gas Discharge throug_]h a Hole

Input Data:
Heat capacity ratio of gas: 1,15
Hole size: 25 mm
Upstream pressure: 1 barabs
Downstream pressure: 1,01 bar abs
Temperature: 298 K
Gas molecular weight: 16
Excess Head Loss Factors:
Entrance: 0,5
Exit: 1
Others: 0

TOTAL: 1,5
Calculated Results:
Hole area: 0,000490874 m**2
Upstream gas density: 0,65 kg/m**3
Expansion factor, Y: 0,614

<-- Must be greater than
Actual pressure ratio: -0,01 sonic
pressure ratio below to insure
sonic flow.
Heat capacity ratio, k: 1,2 1,4 1,67
Sonic pressure ratios: 0,536 0,575 0,618
Choked pressure: 0,46 0,43 0,38 bar
Mass flow: 0,0648  0,0671 0,0696 kg/s
Interpolation table: 1,2 0,064778353
1,4 0,067088633

Interpolated mass flow: 0,064201 kg/s
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Assume the gas leaks out for 60 minutes and is then ignited. Total mass of gas

cloud is therefore 231 kg.

Table 7.3
Cross-correlation 2.20: TNT Equivalency of a Vapour
Cloud
Input Data:
TNT Mass: 231 kg
Distance from blast: 110 m
Calculated Results:
Scaled distance, z: 17,9276 m/kg**(1/3)
Overpressure Calculation: (only valid for z > 0.0674 and z < 40)
a+b*log(z): 1,478321
Overpressure: 6,96 kPa
1,009309 psig
Impulse
Calculation: (only valid for z > 0.0674 and z < 40)
a+b*log(z): 1,070111
Impulse: 17,63854 Pas
Duration
Calculation: (only valid for z > 0.178 and z < 40)
a+b*log(z): 0,805308
Duration: 5,75092 ms

Arrival Time Calculation:
a+b*log(z):
Arrival time:

(only valid for z > 0.0674 and z < 40)
1,52473
43,911 ms
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Section 8

Estimation of the Total Result in the Case of a Fire

Background discussion

The most critical effect of a hydrocarbon fire is exposure of people to the radiation
flux caused by a torch flame or a pool fire [1].

Direct contact with a flame of any sort is serious for any prolonged period of time,
since the extreme heat will severely burn and destroy living tissue and will ignite
combustible materials. What is even more important is that fires can also cause
injury or damage from a distance through the transmission of thermal radiation
similar to the way in which the sun warms the earth. Such radiation (which is
completely different from nuclear radiation) will be stronger at the surface of the
flame and will become progressively weaker as one moves away in any direction.
Therefore, during a hazardous material release involving fire, human injury and
property damage may occur not only in the immediate vicinity of the burning area,
but also in a remote zone surrounding the fire.

Thermal radiation levels (also referred to as thermal radiation flux) are measured
and expressed in units of power per unit area of the item that receives the energy.
However, since the injury or damage sustained by a receiving object is a function of
the duration of exposure as well as the radiation intensity, thermal radiation dosages
are also of concern. These dosages are determined by combining radiation levels
with exposure times and are expressed in units of energy per unit time per unit area
of the receiving surface. Table 8.1 lists some of the known effects of thermal
radiation on bare skin as a function of exposure level and time.

Storage tanks or pipelines that contain gases under pressure or normally gaseous
substances that have been pressurized to become liquids, may discharge gases at a
high speed if the container is punctured. This condition also applies to a situation
where a liquid has been heated in a closed system to a temperature above its
normal boiling point. The gas venting from the hole will form a jet that blows
perpendicularly away from the hole, while entraining air into the stream. If the gas is
flammable and it encounters an ignition source, a flame jet of considerable length
may form. The length of the flame may reach several hundred meters from a hole
less than 300 mm in diameter. Such jets pose a thermal radiation threat to people
and property in the vicinity and are particularly hazardous if they impinge upon the
exterior of a nearby intact container with a flammable, volatile and/or self-reactive
material in it. Such incidents can occur in crowded chemical facilities or where
petroleum products are stored. In these cases the jet flame increases the pressure
inside the container while at the same time weakening its outer wall through the
transfer of thermal energy. This may eventually cause the container to rupture
violently or explode in an event called a boiling liquid expanding vapour explosion
(BLEVE). This condition is especially serious if the jet flame impinges on the
container wall in the vapour space where there is no liquid to conduct the heat away
from the wall surface. If the contents of the container are flammable, a large rising
fireball may result. If the contents are non-flammable, but toxic, a large amount of
toxic vapours or gases may suddenly be released into the atmosphere.
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Table 8.1

Thermal radiation burn injury criteria [2]

Radiation intensity Time in seconds for Time in seconds for
in kW/m? severe pain second degree burns
1 115 663
2 45 187
3 27 92
4 18 57
5 13 40
6 11 30
8 7 20
10 5 14
12 4 11

Fireballs resulting from BLEVEs are among the most feared major incidents when
sealed containers (including tanks and pipelines) of liquid or gaseous materials are
exposed to fires. Although they are called explosions, they are not associated with
strong blast waves in many cases. Rather, they involve a violent rupture of the
container with flammable material and the rapid vaporization of the material. The
size of the fireball will depend upon the amount of hazardous material present and
may reach as much as 300 meters in diameter when involving a rail tank car with
liquid compressed gas such as propane or butane. Although the fireball is generally
of short duration, the intense thermal radiation generated by it can cause severe and
possibly fatal burns to exposed people over considerable distances in a matter of
seconds. In addition, the container may be loosened from its foundations to rocket
away, spewing out burning gases or liquids as it goes along. Fragments of the
container may also form projectiles with a high impact potential. Such projectiles
have been recorded to travel more than 1 500 meters in the case of railroad tank
cars. The projectiles may in itself cause secondary fires at remote distances.

It is important to note that BLEVEs can occur with most liquids excessively heated in
a closed or inadequately vented container, whether they are flammable or not. Two
important factors are the duration of the external exposure fire and the flow capacity
of any relief valve installed on the container. If the external fire is of short duration or
if the relief valve can vent vapour as fast as it is generated, a BLEVE will not occur.
An additional factor is the availability of external cooling via fixed water spray
systems, fire monitors and water hose streams. Sufficient suppression of the
external fire or cooling of the material container can prevent a BLEVE.

Vapours that evolve from a pool of volatile liquid or gases venting from a container
puncture may form a plume or cloud of gas or vapour that will move in a downwind
direction. If the cloud contacts an ignition source at a point where its concentration
is within the lower and upper flammability limits, a vapour cloud fire will be the result
and a wall of flame may flash back towards the source of the gas or vapour,
engulfing anything and everything in its path.
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If a quantity of liquid is spilled on the ground and an ignition source is present, a
liquid pool fire will start. In such a case the primary hazard to people and property is
exposure to thermal radiation or toxic products of combustion. An added
complication is that the liquid pool, if not contained by means of bund walls, may
spread from the spillage site over a vast area and into drains and sewers to start
secondary fires and even BLEVEs. Hydrocarbon compounds are usually lighter
than water and will float on water surfaces into unwanted or unprotected areas
where it may cause explosions in confined spaces.
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1. Pool fire at the vertical aboveground diesel storage tanks with individual bund

walls, including tank top fires

Bund wall area of each individual storage tank is 2 970 mZ.

Table 8.2

Model for the calculation of thermal radiation flux safety distance from a pool fire  AIChE
Norm for maximum thermal radiation exposure: 12kW/m?2
Value
\ Volume of fuel in pool m3
E Maximum allowable thermal radiation flux 12 kW/m?2 12 kW/m2
t Atmospheric transmissivity for the specific site 0,5
n Fraction of the combustion energy radiated 0,35
m Mass burning rate for the specific fuel type 0,04 kg/m2/s
H Heat of combustion of the fuel 45000  ki/kg
A Total area of the burning fuel pool 0,003 2970 m2
F View factor for point source heat radiation -
L Thermal radiation safety distance
L2 [(tnmHA)/(4*E*IT)] 6201,563
L SQRT Safety distance 78,8 meter
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2. Pool fire at the vertical aboveground diesel storage tanks with common bund

walls, including tank top fires

Bund wall area of combined tank farm is 17 820 m2.

Table 8.2

Model for the calculation of thermal radiation flux safety distance from a pool

fire AIChE
Norm for maximum thermal radiation
exposure: 12kwW/m?2
Value
\ Volume of fuel in pool m3
kW/m
E Maximum allowable thermal radiation flux 12 kW/m2 12 2
t Atmospheric transmissivity for the specific site 0,5
n Fraction of the combustion energy radiated 0,35
kg/m2
m Mass burning rate for the specific fuel type 0,04 /s
H Heat of combustion of the fuel 45000 kl/kg
Total area of the burning fuel
A pool 0,003 17820 m?2
F View factor for point source heat radiation -
Thermal radiation safety
L distance
37209,
L2 [(tnmHA)/(4*E*IT)] 38
L SQRT Safety distance 192,9 meter
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3. Jet flame from a natural gas leak

Assume that natural gas leaks out from a hole equivalent to 25 mm diameter under
an upstream transmission line pressure of 40 barg.

Table 8.4

Cross-correlation 2.31: Radiant Flux from a Jet Fire

Input Data:

Distance from flame: 14 m
Hole diameter: 25 mm
Leak height above ground: 0,5 m
Gas pressure: 40 bar gauge
Ambient temperature: 298 K
Relative humidity: 50 %
Heat capacity ratio for gas: 1,32

Heat of combustion for gas: 54000 kJ/kg
Molecular weight of gas: 16

Flame temperature: 2200 K
Discharge coefficient for hole: 1
Ambient pressure: 101325 Pa
Fuel mole fraction at stoichiometric: 0,095

Moles of reactant per mole of

product: 1
Molecular weight of air: 29
Fraction of total energy converted: 0,2

Calculated Results:

Area of hole: 0,000491 m**2
Gas discharge rate: 3,347 kgls
L/d ratio for flame: 199,7

Flame height: 499 m
Location of flame centre above

ground: 3,00
Radiation path length: 14,32 m
Point source view factor: 0,000388 m**2
Water vapour partial pressure: 1580 Pa
Atmospheric transmissivity: 0,819

| Flux at receptor location: 11,50 kW/m**2
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Estimation of the Concentration Effects of Potential Toxic Releases

1. Uncontrolled release of toxic emissions from a liquid fuel pool fire

Approximated combustion analysis for diesel:

2C1gH3s + 5102 22CO

+ 32C02 + 2C + 38H20

It is assumed that fuel leaks out from the vertical storage tank into the bund area to
form a pool with a surface area of about 2 970 m2. This is a worst case scenario for

a pool fire on the plant.

Combustion rate of diesel, petrol or paraffin: 0.04 kg/sec/m?

Table 9.1
C1sHazs CO CO: C
254 g/mole 28 g/mole 44 g/mole 12 g/mole
2 moles 2 moles 32 moles 2 moles
508 g 56 g 1408 g 24 g
0.508 kg 0.056 kg 1.408 kg 0.024 kg
1 kg 0.110 kg 2.772 kg 0.047 kg
0.04 kg 0.0044 kg 0.111 kg 0.002 kg
Table 9.2
Product Fire Surface Emission formation Rate Emission
Area Kg/m?/sec formation
m? Rate
Kg/sec
Diesel 2970 - -
CO - 0.004 12
CO2 - 0.111 330
C - 0.002 6




SITE DATA:
Location: SALDANHA BAY, SOUTH AFRICA
Building Air Exchanges Per Hour: 0.50 (enclosed office)

CHEMICAL DATA:
Chemical Name: CARBON MONOXIDE
CAS Number: 630-8-0 Molecular Weight: 28.01 g/mol
AEGL-1 (60 min): N/A  AEGL-2 (60 min): 83 ppm AEGL-3 (60 min): 330 ppm
IDLH: 1200 ppm  LEL: 125000 ppm  UEL: 742000 ppm
Ambient Boiling Point: -191.7° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 4 meters/second from S at 3 meters

Ground Roughness: open country Cloud Cover: 10 tenths
Air Temperature: 25° C Stability Class: D
No Inversion Height Relative Humidity: 75%

SOURCE STRENGTH:
Direct Source: 12 kilograms/sec Source Height: 0
Release Duration: 60 minutes
Release Rate: 720 kilograms/min
Total Amount Released: 43,200 kilograms
Note: This chemical may flash boil and/or result in two phase flow.
Use both dispersion modules to investigate its potential behavior.

THREAT ZONE:
Model Run: Gaussian
Red : 921 meters --- (330 ppm = AEGL-3 [60 min])
Orange: 2.2 kilometers --- (83 ppm = AEGL-2 [60 min])
Yellow: no recommended LOC value --- (N/A = AEGL-1 [60 min])
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SITE DATA:
Location: SALDANHA BAY, SOUTH AFRICA
Building Air Exchanges Per Hour: 0.50 (enclosed office)
Time: February 11, 2016 1238 hours ST (using computer's clock)

CHEMICAL DATA:
Chemical Name: CARBON DIOXIDE
CAS Number: 124-38-9 Molecular Weight: 44.01 g/mol
PAC-1: 30000 ppm PAC-2: 40000 ppm PAC-3: 50000 ppm
IDLH: 40000 ppm
Normal Boiling Point: -unavail-
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%
Note: Not enough chemical data to use Heavy Gas option

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 4 meters/second from S at 3 meters

Ground Roughness: open country Cloud Cover: 10 tenths
Air Temperature: 25° C Stability Class: D
No Inversion Height Relative Humidity: 75%

SOURCE STRENGTH:
Direct Source: 330 kilograms/sec Source Height: 0
Release Duration: 60 minutes
Release Rate: 19,800 kilograms/min
Total Amount Released: 1,188,000 kilograms

THREAT ZONE:
Model Run: Gaussian
Red : 270 meters --- (50000 ppm = PAC-3)
Orange: 305 meters --- (40000 ppm = PAC-2)
Yellow: 357 meters --- (30000 ppm = PAC-1)



55
SITE DATA:
Location: SALDANHA BAY, SOUTH AFRICA
Building Air Exchanges Per Hour: 0.50 (enclosed office)

CHEMICAL DATA:
Chemical Name: CARBON PARTICULATES
CAS Number: 124-38-9 Molecular Weight: 44.01 g/mol
PAC-1: 30000 ppm PAC-2: 40000 ppm PAC-3: 50000 ppm
IDLH: 40000 ppm
Normal Boiling Point: -unavail-
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%
Note: Not enough chemical data to use Heavy Gas option

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 4 meters/second from S at 3 meters

Ground Roughness: open country Cloud Cover: 10 tenths
Air Temperature: 25° C Stability Class: D
No Inversion Height Relative Humidity: 75%

SOURCE STRENGTH:
Direct Source: 6 kilograms/sec Source Height: 0
Release Duration: 60 minutes
Release Rate: 360 kilograms/min
Total Amount Released: 21,600 kilograms

THREAT ZONE:

Model Run: Gaussian

Red : 34 meters --- (50000 ppm = PAC-3)

Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.

Orange: 38 meters --- (40000 ppm = PAC-2)

Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.

Yellow: 44 meters --- (30000 ppm = PAC-1)

Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.
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Figure 9.1: Toxic concentration isopleth for carbon monoxide at the preferred
site

330 ppm carbon monoxide
921 meter
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Figure 9.2: Toxic concentration isopleth for carbon monoxide at the alternative
site

330 ppm carbon monoxide
921 meter
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Figure 9.3: Toxic concentration isopleth for carbon dioxide at the preferred
site
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Figure 9.4: Toxic concentration isopleth for carbon dioxide at the alternative
site
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Section 10

The Potential Effect of an Incident at the Major Hazard Installation or Part
Thereof on an Adjacent Major Hazard Installation or Part Thereof

1. Description and localities of adjacent major hazard installations

The distances (in meters) from the Vortum Energy (Pty) Ltd facility to immediate
surrounding facilities are as follows:

Table 10.1
No Adjacent Facility Distance from Vortum
Energy (Pty) Ltd, meter
1 R27 freeway 470
2 | Duferco Steel Processing Plant 7 395
3 | Arcelor Mittal Steel Processing 5080

2. Potential effect of an incident on the adjacent major hazard installations

The most critical effect that a major incident at the Vortum Energy (Pty) Ltd facility
could have is a diesel pool fire at the tank farm where the bunded areas of all 6
tanks are filled with diesel. All the diesel storage tanks in the plant could be inter-
affected by a major incident. The safety distance in such a case would be 193
meter.



61
Section 11

The Potential Effect of an Incident at the Major Hazard Installation or Part
Thereof on Any Other Installation and Members of the Public and Residential
Areas

1. Description and localities of adjacent installations

The Vortum Energy (Pty) Ltd facility is situated in an industrial area of Saldanha Bay
as shown in Section 2.

2. Description of adjacent residential areas

The closest residential area is located more than 3 000 meter from the facility.

3. Potential effect of an incident on the adjacent installations

This aspect has been covered under Section 10.

4. Potential effect of an incident on residential areas

The closest residential area is located more than 3 000 meter from the Vortum
Energy (Pty) Ltd power plant. These residences would not be affected by a potential
major incident at the plant.

5. Population density

The population density in the Saldanha Bay area is estimated as 49 persons per
km2, or 0.00005 persons per m? according to the 2011 census data of Statistics SA.
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Section 12

The Site Emergency Plan

Note that a copy of the Emergency Procedures must always accompany this risk
assessment report.

ON-SITE EMERGENCY
RESPONSE PLAN

THERMAL POWER PLANT OF
VORTUM ENERGY (PTY) LTD IN
SALDANHA BAY

Date of Compilation

7 February 2016
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A General Requirements

Date of compilation

7 February 2016

Date of next revision

Prior to commissioning of the plant

Categories of
emergency situations

Diesel pool fire

Release of toxic combustion gases from a diesel pool fire
Natural gas jet fire

Natural gas cloud explosion

Potential natural or
man-made
emergencies that could
disrupt the operation of
the MHI facility

Diesel pool fire

Release of toxic combustion gases from a diesel pool fire
Natural gas jet fire

Natural gas cloud explosion

Potential internal
sources of
emergencies that could
disrupt the operation of
the MHI facility

Human error.

Faulty equipment.

Poor maintenance of equipment.
Metal corrosion.

Incorrect operating procedures.
Poor worker on-the-job training.
Poor safety supervision.

Internal emergencies
effect on the operation
of the MHI facility

Power failure.

Diesel pool fire

Release of toxic combustion gases from a diesel pool fire
Natural gas jet fire

Natural gas cloud explosion

External emergencies
effect on the operation
of the MHI facility

Diesel pool fire

Release of toxic combustion gases from a diesel pool fire
Natural gas jet fire

Natural gas cloud explosion

Response actions
tailored to the specific
MHI facility

Refer to Annexure A for the handling of LPG emergencies.

List of key personnel
with their
responsibilities and
contact information

To be completed prior to plant start-up

Local emergency
responders with their
contact information

Police: 10111
Ambulance: 10177
Fire brigade: 10177

Names, titles,
departments and
contact numbers of
individuals who can be
contacted for additional
information or an
explanation of duties
and responsibilities
applicable to the Plan

To be completed prior to plant start-up
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How rescue operations
will be performed

e Any employee, who discovers a sign of fire on the premises,
must immediately sound the fire alarm.

e Phone the local Fire Brigade.

e All employees on the premises must orderly walk (do not run
to the emergency assembly point indicated in Annexure B.

e The designated Evacuation Controller must inspect the
premises to ensure that all staff has left the buildings.

e The Evacuation Controller must take roll call at the assembly
point to record the names of all assembled staff members.

e The designated Fire Fighters must use portable fire
extinguishers or hose reels to fight small fires, if it can be done
safely Strictly follow the emergency actions stipulated in
Annexure A.

e Take instructions from the Officer in Command of the Fire
Brigade.

How medical
assistance will be
provided

¢ In case of minor injuries, the designated First Aid Officer must
apply treatment.

e Wait for instructions from the Officer in Command of the Fire
Brigade and external paramedic personnel.

How and where
personal information on
employees can be
obtained in an
emergency

Personnel information can be obtained from the following person
by telephone:

To be completed prior to plant start-up

How affected members
of the public will be
contacted, who the
contact persons are
and their contact
numbers

The following neighbouring businesses must be contacted:

To be completed prior to plant start-up

B Evacuation Procedure

Conditions under which
an evacuation of
people would be
necessary

Any fire on the premises.
Bomb threat.

Industrial action.

Smoke alarm.

Evacuation of
employees on site as
well as affected
members of the public

All employees on the premises must orderly walk (do not run to
the emergency assembly point indicated in Annexure B.

Chain of command and
specific person with a
standby authorized to
order an evacuation or
operational shutdown

To be completed prior to plant start-up

Types of actions
expected from different
employees for the
various categories of
emergencies

Chief Executive Officer:
o Liaise with the Officer in Command of the Fire Brigade.
e Liaise with reporters from the news media.

Second in command:
e Take the role of the Chief Executive Officer in case of his
absence.

First Aid Officer:
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o Apply first aid treatment in case of minor injuries.
e Assist paramedic personnel.
e Assist disabled persons.

Evacuation Controller:

o Ensure that all staff members evacuate the buildings on the
premises and assemble at the emergency assembly point
shown in Annexure B.

e Take roll call of all assembled staff.

e Direct members of the public away from the premises.

Fire Fighters:
e Fight small fires if it can be done safely.

e Assist fire fighters of the Fire Brigade if required.

Who will stay behind to
shut down critical
operations during an
evacuation

The designated Second in Command.

Specific evacuation
routes for employees
posted at the MHI
facility where they are
easily accessible to all
employees

See Annexure B.

Posters must be displayed inside all buildings to show the
evacuation routes.

Specific evacuation
routes for members of
the public

e Members of the public, who are on or near the premises, must
be directed away from the premises.
e Itis the responsibility of the Evacuation Controller.

Procedures for
assisting people during
an evacuation, people
with disabilities or
those who cannot
speak English or
cannot read

e All employees on the premises must orderly walk (do not run
to the emergency assembly point indicated in Annexure B.

e The designated Evacuation Controller must inspect the
premises to ensure that all staff has left the buildings.

e The Evacuation Controller must take roll call at the assembly
point to record the names of all assembled staff members.

e Disabled persons must be assisted by the First Aid Officers.

e The Evacuation Controller must confirm that all staff members
understand his instructions in a suitable language.

Assembly areas where
employees will gather

See Annexure B.

Method of accounting
for all employees

e The Evacuation Controller must take roll call at the emergency
assembly point.
e Report all names to the Chief Executive Officer.

How visitors will be
assisted and accounted
for during an
evacuation

e All members of the public on the premises must orderly walk
(do not run to the emergency assembly point indicated in
Annexure B.




66

C Reporting of an Emergency Condition

Method of reporting
fires and other
emergencies to the
local emergency
services

Any employee, who discovers a sign of fire on the premises,
must immediately sound the fire alarm.
Phone the Local Fire Brigade.

Method of alerting
employees, including
disabled employees, to
evacuate from the MHI
site or to take other
action

Any employee, who discovers a sign of fire on the premises,
must immediately sound the fire alarm.

Staff evacuation must take place under the command of the
Evacuation Controller.

D Employee Training and Drills

How and when
employees will be
trained with regard to
the types of
emergencies that may
occur, their
responsibilities and the
actions that they must
take

Training for the following personnel must be given in
collaboration with the Local Fire Department:

Evacuation Controller.
First Aid Officer.

Chief Executive Officer.
Second in Command.
Fire Fighters.

Training must be done before start of operations.

How and when
retraining of employees
will take place

Retraining of staff must be done at least annually.

How often drills will
take place. These drills
must involve all
employees at the MHI
site as well as affected
members of the public

Drills must be held at least annually.

The drill must be thoroughly planned and all staff members
must be involved.

The Local Fire Department must participate in such drills.
Neighbouring businesses must participate in such drills.

E Management of the News Media

The person whose
responsibility it will be
to provide information
about the emergency to
the news media

To be completed prior to plant start-up

Channels for the
approval of media
releases to journalists.

All written news statements must be approved by the Chief
Executive Officer prior to release to journalists.
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ANNEXURE A

EMERGENCY RESPONSE ACTIONS

DIESEL

POTENTIAL HAZARDS

Fire or explosion
Highly flammable.
Will be easily ignited by heat, sparks or flames.
Vapours may form explosive mixtures with air.
Vapours may travel to the source of ignition and flash back.
Vapour is heavier than air. Vapour will spread along the ground and collect in
low-lying areas or confined spaces such as sewers, basements, tanks and
canals.
Vapour explosion hazard indoors, outdoors or in sewers.
Run-off into sewers may create a fire or explosion hazard.
Containers may explode when heated.
Water run-off may cause environmental pollution.
Substance is lighter than water.

Health
Avoid any skin contact.
Inhalation or contact with the skin or eyes may irritate or burn skin and eyes.
Fire may produce irritating, corrosive and toxic gases.
Vapours may cause dizziness or suffocation.
Water run-off from fire control may cause pollution of the environment.

PUBLIC SAFETY

General
Call the emergency services.
As an immediate precautionary measure, isolate the spill or leak area in all
directions for at least 50 meter.
Keep unauthorised persons away from the spill.
Stay upwind.
Keep out of low-lying areas.
Ventilate closed spaces before entering.

Protective clothing
Wear positive pressure self-contained breathing apparatus (SCBA).
Wear chemical protective clothing that is specifically recommended by the
manufacturer. It may provide little or no thermal protection.
Structural firefighters’ protective clothing will only provide limited protection.
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Evacuation

Large spill
e Consider initial downwind evacuation for at least 300 meters.

Fire

e If a storage tank, road tanker or rail tank car is involved in a fire, isolate for 800
meters in all directions.

e Consider initial evacuation for 800 meters in all directions.

EMERGENCY RESPONSE

Fire

e Substance has a low flash point.

e Use of water spray to fight a fire may be inefficient.
Small fires:

e Use dry chemicals, CO», regular foam or water spray.

Large fires:
e Fog, regular foam or water spray.

e Use water spray or fog. Do not use straight streams.
e Move containers away from the fire area if it can be done safely.

Fire involving bulk tanks

e Fight fire from a maximum distance or use unmanned hose holders or monitor
nozzles.

e Cool containers with flooding quantities of water until well after the fire is out.

e Always stay away from tanks and containers engulfed in fire.

¢ Withdraw immediately in case of rising sound from venting devices or
discolouration of tank.

e For a massive fire, use unmanned hose holders or monitor nozzles. If it is
impossible, withdraw from the area and let the fire burn out.

Spill or leak
e Eliminate all ignition sources such as smoking, flares, sparks or flames, in the
immediate area.
All equipment used when handling the product must be earthed.
Prevent entry of material into waterways, sewers, basements or confined spaces.
Stop the leak if it can be done safely.
Do not touch or walk through spilled material.
Absorb or cover with dry earth, sand or other non-combustible material and
transfer to clean containers.
e Use clean, non-sparking tools to collect absorbed material.
e Vapour-suppressing foam may be used to reduce vapours.

Small spills
e Use a non-combustible material such as vermiculite, sand or earth to soak up[
the product and place it in a clean container for later disposal.
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Large spills

Dike far ahead of liquid spill for later disposal.
Water spray may reduce vapour, but may not prevent ignition in closed spaces.

First aid
Move the victim to fresh air.
Call emergency medical care.
Give artificial respiration if the victim is not breathing.
Administer oxygen if breathing is difficult.
Remove and isolate contaminated clothing and shoes.
In case of contact with the substance, immediately flush the skin or eyes with
clean running water for at least 20 minutes.
Wash skin with soap and water.

In case of burns, immediately cool affected skin for as long as possible with cold
water.

Do not remove clothing if it adheres to the skin.

Keep victim warm and quiet.

Ensure that medical personnel are aware of the material involved and take
precautions to protect themselves.
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NATURAL GAS

POTENTIAL HAZARDS

Fire or explosion

e Extremely flammable.
e Will easily be ignited by heat, sparks or flames.
e Will form explosive mixtures with air.
e Vapours are lighter than air and will rise.
¢ Flames may be invisible. Use a thermal camera or broomstick to detect flames if
it can be done safely.
e Vapours may travel to a source of ignition and flash back.
Health
e Vapours may cause dizziness or asphyxiation without warning.
e The gas may be irritating if inhaled at high concentrations.
e Skin contact with the unignited gas may cause burns, severe injury and/or
frostbite.
e Fire may produce irritating and/or toxic gases.
PUBLIC SAFETY
General
e (Call the emergency services.
e Isolate a leak immediately for at least 100 meters in all directions.
e Keep unauthorized persons away.
e Stay upwind.
Protective clothing
e Wear positive pressure self-contained breathing apparatus (SCBA).
e Structural firefighters’ protective clothing will only provide limited protection.
e Always wear thermal protective clothing.
Evacuation
e Consider initial downwind evacuation for at least 800 meters.
e |n case of a fire, isolate for at least 1 600 meters in all directions.
¢ In case of a fire, evacuate for at least 1 600 meters in all directions.
EMERGENCY RESPONSE

Fire
e Do not attempt to extinguish a leaking gas fire.
e Try to stop the gas leak if it can be done safely.
Small fires:

Use dry chemical or COo.
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Large fires:

Use water spray or fog.

Move nearby containers from the fire if it can be done safely.

Fight fire from a maximum distance or use unmanned hose holders or monitor
nozzles.

Cool nearby containers with flooding quantities of water until well after the fire is
out.

Do not direct water at the source of the gas leak or safety devices — icing and
resultant blockage may occur.

Withdraw immediately if a rising sound from venting safety devices is heard or if
discolouration of a tank or vessel is noticed.

Always stay away from tanks and vessels engulfed in a fire.

For a massive fire, use unmanned hose holders or monitor nozzles. Ifitis
impossible or unsafe, withdraw from the area and let the fire burn.

Spill or leak
Eliminate all ignition sources such as smoking, sparks or flames in the immediate
area.
All equipment used when handling the product must be earthed.
Do not touch or walk through a leaking gas stream.
Stop the gas leak if it can be done safely.
Use water spray to reduce vapours or to divert a vapour cloud drift.
Prevent the spreading of vapours through ventilation systems.
Isolate the area until the gas has dispersed.
Some materials may become brittle when in contact with escaping gas due to
rapid cooling.

First aid
Move victim to fresh air.
Call emergency medical care.
Give artificial respiration if the victim is not breathing.
Administer oxygen if breathing is difficult.
Remove and isolate contaminated clothing and shoes.
Clothing frozen too the skin must be thawed before being removed.
In case of contact with the gas, immediately flush skin or eyes with running water
for at least 20 minutes.
In case of burns, immediately cool affected skin for as long as possible with cold
water.
Do not remove clothing if it adheres to the skin.
Keep the victim warm and still.
Keep the victim under observation.
Effects of contact with or inhalation of the gas may be delayed.
Ensure that medical personnel are aware of the gas involved and take
precautions to protect themselves.
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ANNEXURE B

Emergency Assembly Point A

[
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PARKING AREA

security fence

PARKING AREA




73
Section 13

The Suitability of Existing Emergency Procedures for the Risks Identified [39]

The site emergency response plan of Vortum Energy (Pty) Ltd in Saldanha Bay has
to comply with the aspects stipulated in Table 13.1 as a minimum requirement.

Table 13.1

EVALUATION OF THE EMERGENCY RESPONSE PLAN

Is it contained

A General Requirements in the Plan?
The Plan must have a date of compilation Yes
A clear indication must be given when and how the Plan will be revised. Yes
Various categories of emergency situations must be defined. Yes
The Plan must consider all potential natural or man-made emergencies that could disrupt Yes
the operation of the MHI facility.
The Plan must consider all potential internal sources of emergencies that could disrupt Yes
the operation of the MHI facility.
The Plan must consider the impact of all internal and external emergencies on the Yes
operation of the MHI facility.
Response actions must be tailored to the specific MHI facility. Yes
The Plan must contain a list of key personnel with their responsibilities and contact No
information.
The Plan must contain a list of local emergency responders with their contact information. No
The Plan must contain the names, titles, departments and contact numbers of individuals No
who can be contacted for additional information or an explanation of duties and
responsibilities applicable to the Plan.
The Plan must outline how rescue operations will be performed. Yes
The Plan must outline how medical assistance will be provided. Yes
The Plan must state how and where personal information on employees can be obtained Yes
in an emergency.
The Plan must state how affected members of the public will be contacted, who the Yes
contact persons are and their contact numbers.

B Evacuation Procedure

The Plan must identify the conditions under which an evacuation of people would be Yes
necessary.

The procedure must make provision for the evacuation of employees on site as well as Yes
affected members of the public.

The Plan must outline a clear chain of command and designate a specific person with a Yes
standby authorized to order an evacuation or operational shutdown.

The Plan must address the types of actions expected from different employees for the Yes
various categories of emergencies.

The Plan must identify who will stay behind to shut down critical operations during an Yes
evacuation.
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The Plan must show specific evacuation routes for employees and these must be posted Yes
at the MHI facility where they are easily accessible to all employees.
The Plan must show specific evacuation routes for members of the public and these must Yes
be easily accessible to the public.
The Plan must prescribe procedures for assisting people during an evacuation, people Yes
with disabilities or those who cannot speak English or read.
The Plan must show one or more assembly areas where employees will gather. Yes
The Plan must include a method of accounting for all employees. Yes
The Plan must explain how visitors will be assisted and accounted for during an Yes
evacuation.
C Reporting of an Emergency Condition
The Plan must outline the method of reporting fires and other emergencies to the local Yes
emergency services.
The Plan must outline the method of alerting employees, including disabled employees, to Yes
evacuate from the MHI site or to take other action.
D Employee Training and Drills
The Plan must state how and when employees will be trained with regard to the types of Yes
emergencies that may occur, their responsibilities and the actions that they must take.
The Plan must state how and when retraining of employees will take place. Yes
The Plan must state how often drills will take place. These drills must involve all Yes
employees at the MHI site as well as affected members of the public.
E Management of the News Media
The Plan must indicate the person whose responsibility it will be to provide information No
about the emergency to the news media.
The Plan must state clear channels for the approval of media releases to journalists. No
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Section 14

Requirements of Environmental legislation

This risk assessment does not include the impacts that the Vortum Energy (Pty) Ltd
site could have on the environment during its normal operations. It was specifically
excluded from the tender.
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Section 15

Required Organisational Measures

The following organisational measures are recommended for the Vortum Energy
(Pty) Ltd site in Saldanha Bay:

1.

2.

The emergency response plan must be updated in accordance with the
guidelines given in Section 13 of this report.
Operating procedures must be compiled for Vortum Energy (Pty) Ltd, to include
preventative measures against possible diesel and natural gas leaks.
All possible ignition sources at the facility must be eliminated. Guidelines for the
control of ignition sources are as follows:
e Use only electrical equipment that is certified to be flameproof and spark
proof in areas where natural gas is handled.
Control static electricity.
Ensure that vulnerable equipment is properly bonded to ground.
Prohibit smoking, open flames and sparks.
Prevent mechanical sparks and friction.
Use separator devices to remove foreign materials capable of igniting from
process materials.
Separate heated surfaces from dust.
Separate heating systems from dust.
Select and use industrial trucks properly.
Use cartridge activated tools properly.
Implement an equipment preventative maintenance programme.

The outcome of the risk assessment must be brought to the attention of all the
employees at the facility.
The bulk storage tanks and all diesel and natural gas pipelines must be protected
against corrosion, to prevent leaks.
A Maintenance Plan must be compiled for all the equipment used on the facility
prior to commissioning of the plant. The Plan must contain at least the following:
e List of all equipment and facilities on the facility.
e Maintenance frequency.
e Particulars of maintenance activities that must be performed on the listed
equipment.
e Responsible person.

All hazardous equipment and facilities on the facility must be inspected on a daily
basis by means of an Inspection Register. The Register must contain at least the
following:
e List of all equipment and facilities on the facility.
Equipment items that must be inspected.
Facilities that must be inspected.
Areas that must be inspected.
Inspection findings.
Responsible person who carried out the inspection.
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8. Detailed operating procedure must be implemented for all sections of the facility,
in collaboration with the equipment suppliers, prior to commissioning of the
installation. All authorised operators must be trained in the application of the
procedure.

9. Preventative measures must be designed and implemented to prevent overfilling
of diesel storage tanks.

10. All operating personnel at the facility must be made aware and kept aware of the
dangers involving diesel and natural gas.

11. The facility must be under safety and security access control for 24 hours per
day. The safety guard on duty must comply with the following requirements:

e The guard must be trained in the potential major incidents that could occur
at the site as well as the emergency procedure that must be followed.

e The guard must be linked via SMS or cellular phone with a responsible
standby person of Vortum Energy (Pty) Ltd.

e The guard must be able to contact the Saldanha Bay Fire Department
immediately.

12.A site layout plan must be compiled for the proposed diesel tank farm in
accordance with the relevant SANS code and must be submitted to the Saldanha
Bay Fire Department for approval.

13.The Emergency Evacuation Procedure aimed at workers as well as the
surrounding residences must be updated in collaboration with the emergency
services of Saldanha Bay and interested and affected parties such as members
of community liaison committees.

14. The Emergency Response Plan and Emergency Evacuation Procedure of
Vortum Energy (Pty) Ltd must be tested at least once every 12 months by means
of mock emergencies. The Fire Department of Saldanha Bay must participate in
such tests.

15. A fire water reservoir must be installed on site if the water flow and pressure of
the municipal hydrant network is insufficient.

16. Customer parking bays must be located in an area where public vehicles will not
cause obstruction of emergency vehicles.

17.The bulk diesel storage tanks and pipe work and all natural gas pipelines must
be protected against lightning by means of efficient earthing.
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Section 16

Temporary Installations

Section 4 (1) and (2) of the MHI Regulations determine that a risk assessment must
also be conducted for any temporary installation, which may be a major hazard
installation, on the premises of the client.

In the case of Vortum Energy (Pty) Ltd, there will not be any temporary installations
on site, such as fuel road tankers.
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Section 17

Conclusions

The following conclusions are drawn from this risk assessment:

1. The hazardous events that could occur at the Vortum Energy (Pty) Ltd facility in
Saldanha Bay are as follows:
e Diesel pool fire at the tank farm.
e Natural gas jet fire.
e Natural gas cloud explosion.

10. The safety risks at the Vortum Energy (Pty) Ltd Saldanha Bay facility are
summarised in Table 17.1.

11. The health and safety risks were assessed for two sites:

e The preferred site in the northwest corner of the farm.
e The alternative site in the southern part of the farm.

12. At both sites, the primary risk is the release of carbon monoxide from a diesel
pool fire at the tank farm during Phase 1 of the project. This risk has the
potential to affect people beyond the boundaries of the farm. However, the risk is
manageable in the sense that people will have time to evacuate to a safe
separation distance from the tank farm. The secondary risks at the preferred and
alternative sites are due to a pool fire at one or more of the diesel storage tanks
during Phase 1 of the project, or a natural gas cloud explosion during Phase 2. It
is important to note that these risks are confined to the boundaries of the plant.

13.From a health and safety point of view the alternative site is not recommended
due to the proximity of structures south of the plant. These structures may be
inhabited.

14. The individual safety risk transect is shown in Figure 17.1. It indicates that the
risk profile of the facility lies partly above the norm for tolerable public risk (1.00E-
4) as well as the norm for tolerable worker risk (1.00E-3) as recommended by the
UK Health and Safety Executive (HSE).

15. The societal risk profile for the Saldanha Bay Facility is given in Figure 17.2. It
indicates that the safety risk at the facility lies below the local tolerability line as
recommended by the Dutch Advisory Committee on Dangerous Substances.

16. The estimated number of human impacts at the Saldanha Bay facility could reach
a level of 17 in case of a pool fire at the diesel tank farm, which will release toxic
carbon monoxide. This number does not exceed the norm of 10 000
recommended by the Dutch Advisory Committee on Dangerous Substances.

17.Two criteria were used to determine whether the Vortum Energy (Pty) Ltd
Saldanha Bay Facility could be classified as a major hazard installation or not. In
order to be classified as a major hazard installation (MHI), the facility must satisfy
at least one of the following two criteria:
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The highest frequency of a major incident must be higher
than 1.0E-4 / year

F >0.0001/ yr

UK Health and Safety Executive

OR

The maximum number of human impacts (fatalities) that could
be caused by the major incident must be higher than 10 000

N> 10 000

Dutch Advisory Committee on Dangerous Substances

9. There are no facilities outside the boundaries of the power plant that would be
affected by a major incident.

10.Based on the above findings, it is concluded that the Vortum Energy (Pty) Ltd
Saldanha Bay facility is not classified as a major hazard installation. xxx

Table 17.1
Estimated Estimated Estimated
Potential Major Possible Consequences Frequency per safety number of
Incident year distance, m human
impacts *
Scenario 1: Diesel storage tanks and pipe work for Phase 1
Diesel leak Pool fire in the bund of one 8.3 E-4 79 1
storage tank
Diesel leak Pool fire in all bunds 6.9 E-7 193 3
Diesel leak Toxic emissions from diesel 8.3 E-4
pool fire in one bund
e Carbon monoxide 921 17
e  Carbon dioxide 270 2
e  Carbon particulates 34 0
Scenario 2: Natural gas via pipeline for Phase 2
Natural gas leak Gas cloud explosion 3.2E-3 110 1
Natural gas leak Jet fire 1.0 E-3 14 0

* Based on a population density of 0.00005 persons per m? and an impact rate of 50%. In the case of
toxic releases, one quadrant of the affected circle (25%) was taken into consideration to make
provision for varying wind blow patterns.




Figure 17.1

81

Individual safety risk transect for preferred and alternative site

Individual Risk of Impact (Per year)

1,00E+00
1,00E-01
1,00E-02
1,00E-03
1,00E-04
1,00E-05
1,00E-06
1,00E-07
1,00E-08
1,00E-09
1,00E-10
1,00E-11

1,00E-12

e \/ortum Thermal Power
Plant
e HSE Tolerable Public Risk
LY
L =
\ HSE Tolerable Worker
Risk
0 100 200 300 400 500 600 700 8C0 900 7000

Safety Distance (m)




Figure 17.2

82

Societal risk profile for preferred and alternative site
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Annexure 1

Definition of a Major Hazard Installation

1. The South African perspective

The South African Occupational Health and Safety Act (Act No 85 of 1993) defines a
major hazard installation as follows:

(a) “An installation where more than the prescribed quantity of any substance is or
may be kept, whether permanently or temporarily; or

(b) An installation where any substance is produced, processed, used, handled or
stored in such a form and quantity that it has the potential to cause a major incident”.

The Act defines a major incident as follows:

“‘An occurrence of catastrophic proportions, resulting from the use of facility or
machinery, or from activities at a work place”.

A “catastrophic occurrence” is interpreted [28] as an occurrence (incident), which
can be fatal, disastrous, of definite threat to the health and lives of employees and
members of the public.

The Act defines risk as follows:

“The probability that injury or damage will occur.

It is important to note that human lives (injury, fatal or not) as well as assets
(damage) are included in this definition.

2. The UK perspective
The UK Health and Safety Executive (HSE) defines hazard as follows [29]:

“The potential for harm arising from an intrinsic property or disposition of something
to cause detriment’. Although the term “hazard” is absent in the UK Health and
Safety at work etc Act (Sl 1974/1439), UK Courts have ruled that “risk” means
possibility of danger rather than actual danger. Conceptually the HSE therefore
regards anything presenting the possibility of danger as a hazard.

The HSE defines risk as follows:

“The chance that someone or something that is valued will be adversely affected in a
stipulated way by the hazard”. Here too, it is important to note that human lives
(someone) as well as assets (something) are included in the definition.

In accordance with the above interpretations in South Africa and the United
Kingdom, the following attributes were used in this report in order to identify
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potentially hazardous situations and localities next to the Vortum Energy (Pty) Ltd
facility and to assess their associated risks:

e The release of a toxic cloud that could cause suffocation.
e The release of a vapour cloud that could ignite into an explosion.
e Thermal radiation caused by a fuel torch flame.

In order to put the term “risk” in perspective, it may be useful to look at various
individual risks identified in the United Kingdom as published by their Health and
Safety Executive (HSE) [17], shown in Table 3.1. (Note: similar reliable statistics
are not available for South Africa)

The meaningful application of risk evaluations and criteria very much depends upon
the perception that people have about the risk. People tend not to think in terms of
an abstract concept of risk, but rather to evaluate the characteristics of a hazard and
to perceive risk in a multi-dimensional way [6]. Under some conditions the risk
bearer is prepared to accept the risk, other times not. Some considerations that
affect a person’s judgment with regard to safety are as follows:

Risk assumed voluntarily versus risk borne involuntarily
Immediate effect versus delayed effect

No alternative available versus many alternatives available

Risk known with certainty versus risk not known

Exposure is essential versus exposure is a luxury

Occupational risk versus non-occupational risk

Common hazard versus “dread” hazard

Affects average people versus affects especially sensitive people
Will be used as intended versus likely to be misused
Consequences reversible versus consequences irreversible

0O O OO0 O OO0 0O o0 o0

3. Acceptable risk

This term is contentious and raises the question: Acceptable to whom? A crucial
distinction is made between risks that are assumed voluntarily and those that are
borne involuntarily. In general, people are prepared to tolerate higher levels of risk
to which they expose themselves voluntarily. The risk to which members of the
public are exposed from an industrial activity is an involuntary one. However, it may
be argued that settling in a neighbourhood where an industrial activity is already
established represents a voluntary risk. It is a common view that the risk to which an
employee is exposed from an industrial activity is in some degree voluntarily
assumed.

Some hazards are accepted voluntarily, even when the risk is high. At one extreme
one may say that the risk is embraced when it is an integral part of the challenge in a
hazardous sport, such as motor racing or bungee jumping.

When a serious hazard is encountered involuntarily, acceptance may extend only to
a much lower level of risk than otherwise. When, in addition, the sufferer feels
impotent in the face of danger, tolerance is further reduced. Accidents in trains
seem peculiarly unacceptable, perhaps more so than accidents in airplanes, where
passengers are generally considered to have taken the risk on themselves for the



85
sake of the extra benefit of the time saved. In underground trains, only absolute
safety seems to be good enough for most people, because perhaps the enclosed
environment exerts a strong psychological influence.

4. Tolerable risk

Tolerability does not mean acceptability. It refers to the willingness to live with the
risk in order to secure certain benefits and in the confidence that the risk is being
properly controlled. To tolerate a risk means that one does not regard it as
negligible or something that can be ignored, but rather as something that needs to
be kept under review and reduce still further if and as we can. This classification
would apply to a situation where members of the public settle around an existing
industrial site.

5. Statistical (objective) risk

One way to evaluate the risk of a particular activity is to look only at historical
records for similar incidents and to express that risk as a statistical frequency or
probability. Such an assessment, which yields a statistical or mathematical risk,
would completely eliminate personal judgment.

Risk assessments cannot provide an unambiguous and reproducible measure of
risk. A study in the USA found widely differing assumptions underlying three
separate studies of the same proposed facility. It is hardly possible to determine an
objective measure of risk that can be used as a basis for judging perceptions of risk.

6. Perceived risk

Attempts to assess the risk associated with a particular hazard involve a number of
areas of considerable difficulty. Two such difficulties are consequences and

uncertainty.

A whole range of consequences is usually involved in risk assessment. There may
be injuries, which may be fatal or non-fatal, prompt or delayed. There may be
environmental damage where the effects may appear promptly or only after a delay.
The consequences are therefore multifunctional.

Risk assessment is always subject to uncertainty, expressed as probabilities, which
are further made complex by incompleteness (difficulty to obtain all and reliable
data) and distortion. In the final analysis, the risk assessment outcome remains a
perceived one and it is the responsibility of the assessor to substantiate outcomes
with as many facts and sound reasoning as possible.



Table A1.1

Examples of individual risks in the UK
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Cause of human death

Risk (deaths) per
million people per

year
1. Cancer 2 800
2. Road accidents 100
3. Accidents in private homes 93
4. Fire or flame 15
5. Drowning 6
6. Gas related incident 1,8
7. Excessive cold 8
8. Lightning 0,1
9. Deep-sea fishing 880
10. Coal extraction and manufacture of solid fuels 106
11. Construction 92
12. All manufacturing industry 23
13. Work in offices, shops, warehouses 4.5
14.Rock climbing 8 000
15. Canoeing 2000
16. Hang-gliding 1500
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Annexure 2

Guidelines on Land Use

1. Introduction

It is not the intention of this risk assessment report to express an opinion regarding
the viability or feasibility of land development per se around the Vortum Energy (Pty)
Ltd facility. Such business falls outside the scope of the risk assessment as defined
in the Major Hazard Installation Regulations. However, some comments regarding
land development in relation to the proximity and severity of major hazardous
installations would be appropriate. The following reference sources were consulted
in this regard:

e South African Development Facilitation Act (Act No 67 of 1995).
e Risk Criteria for Land-use Planning in the Vicinity of Major Industrial
Hazards, issued by the UK Health and Safety Executive.

2. South African Development Facilitation Act
The purpose of the Act is as follows:

e To facilitate and speed up the implementation of reconstruction and
development programmes and projects in relation to land.

e To lay down general principles governing land development throughout South
Africa.

e To provide for the establishment of a Development and Planning Commission
for the purpose of advising Government on policy and laws concerning land
development on national and provincial level.

e To provide for the establishment in the provinces of Development Tribunals,
which have the power to make decisions and resolve conflict in respect of
land development projects.

e To facilitate the formulation and implementation of land development
objectives by reference to which the performance of local government bodies
in achieving such objectives may be measured.

e To provide for nationally uniform procedures for the subdivision and
development of land for residential, small-scale farming or other needs and
uses.

e To promote security of tenure while ensuring that end-user finance in the form
of subsidies and loans becomes available as early as possible during the land
development process.

Section 3 (1) viii states as a general principle for land development that
environmentally sustainable land development practices and processes are
encouraged.

Section 33 (2) (n) states that, in its consideration of an application for land
development, the Development Tribunal may impose any condition of establishment
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relating to the environment or environmental evaluations in approving a land
development application.

It is clear that land development in South Africa must take due cognizance of
environmental requirements and constraints, biophysically and socio-economically.

3. UK Health and Safety Executive

In the United Kingdom it has been recognized for some years that safety should be
taken into account when making decisions about the development of land near
major hazards where a major accident might extend beyond the boundaries of the
site.

The UK Health and Safety Executive makes a clear distinction between “individual
risk” and “societal risk”. “Individual risk” is defined as the frequency at which an
individual person may be expected to sustain a given level of harm from the
realization of specified hazards. On the other hand, “societal risk” refers to the
relationship between frequency and the number of people suffering from a given
level of harm in a given population from the realization of specified hazards. In the
case of the Vortum Energy (Pty) Ltd facility, it would be appropriate to primarily apply
the principle of societal risk, given the fact that residential development has taken
place south of the site and expansion may be considered in future. However, it must
be noted that societal risk is a difficult concept, as it relates to the chances of a
disaster due to the location of a particular development near a major hazard
installation. It is necessary to consider the size of the disaster as well as its
probability. In reality there could be a range of possible sizes, each with different
probabilities. For example, there might be a low chance of injuring most of the
people in a particular development, or a high chance of injuring only a few of them,
from the same major hazard installation.

The Health and Safety Executive has given advice on about 5 000 developments
near major hazard installations, requiring detailed risk assessments, over a period of
15 years. Of these, many were concluded not to be causes for concern. Of the
developments, which were inadvisable, each one on its own would not have made a
large addition to the overall societal risk from major hazard installations in the UK.
However, taken altogether, there would perhaps have been a significant increase
had the Health and Safety Executive not advised against it. In general, while it is
likely that the extra societal risk due to any single development would be very small,
unrestrained land developments could eventually add up to a noticeable worsening
of the cumulative situation. The important point to take into consideration here is
that small individual additions to societal risk will accumulate to lead to a
considerable increase in the number of people at risk from major hazard installations
on a regional or national scale.

In the UK the Health and Safety Executive will usually advise against developments
near major hazard installations in the following cases, bearing in mind that societal
risk figures are not always available or reliable:

e Residential developments for more than about 25 people, if the individual risk
of receiving a defined dangerous dose of a toxic substance, heat or blast
overpressure exceeds 10.0E-6 per year.
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¢ Residential developments for more than about 75 people, if the individual risk
of receiving a defined dangerous dose of a toxic substance, heat or blast
overpressure exceeds 1.0E-6 per year.

e Moderately sized developments where the calculated individual risk exceeds
10.0E-6 per year.

e Large sized developments where the calculated individual risk exceeds 1.0E-
6 per year.

Another important factor that needs to be taken into consideration within the South
African context is that formal development, whether it is residential or otherwise, can
be controlled and managed by planning authorities. However, due to a chronic
scarcity of residential land, informal settlements are a reality. It is therefore quite
possible that vacant land around the Vortum Energy (Pty) Ltd site could be occupied
by informal dwellers, which would be very difficult to control and manage by both
Vortum Energy (Pty) Ltd and the authorities.

It must further be borne in mind that whatever decision is taken regarding future land
development, will remain in force for at least 50 years.
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Annexure 3

Risk Criteria

1. Introduction

The risks identified in this assessment can only be interpreted meaningfully if it is
compared with internationally acceptable risk criteria. The UK Health and Safety
Executive (HSE) is regarded [1] as a world leader as far as occupational and public
health and safety are concerned. The risk criteria applied by the HSE are therefore
used as benchmarks in this report.

The HSE refers to two types of risk criteria, namely individual risk and societal risk.
2. Individual risk criteria

The HSE risk criteria framework [26] is represented by a triangle as shown in Figure
A3.1. The risk increases from the bottom part of the triangle to the top. The
framework suggests that there is an upper limit to individual risk, above which the
risk is regarded as unacceptable, whatever the benefits. Any activity or practice
that falls into this region (the dark section at the top of the triangle) would normally
be ruled out (not allowed). Action needs to be taken to reduce the risk so that it can
fall into one of the regions lower down in the triangle.
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Figure A3.1

HSE framework for individual risk criteria

High risk

Unacceptable region

Upper limit of tolerable risk for
workers: 1.0E-3/year

Tolerable
region
where

ALARP

Upper limit of tolerable risk for
public: 1.0E-4/year

principle
applies

Broadly acceptable risk:
1.0E-6/year

Broadly acceptable region

Low risk

The zone at the bottom part of the triangle represents a broadly acceptable risk
region. Activity risks that fall into this region are regarded as insignificant and
adequately controlled. Further action to reduce the risk would normally not be
required, unless there are obvious, reasonable practicable measures available. The
levels of risk within this region are comparable to those that people regard as trivial
or insignificant in their daily lives.

The middle region of the triangle (between the unacceptable and broadly acceptable
regions) represents a region of tolerable risk. Within this region the risks must be
controlled to a level that is as low as reasonably practicable (ALARP).
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3. Societal risk criteria

The Dutch Advisory Committee on Dangerous Substances (ACDS) developed risk
criteria that are applicable to societies at large. These criteria are shown in Figure
A3.2.

The intolerable region above the local tolerability line on the FN-curve is defined as
activities that must be avoided.

Below the negligible line lies a region where risks are negligible and no further
action is required to reduce the risk level.

The middle region, above the negligible line and below the local tolerability line, is a
region of possibly unjustifiable risk. The ALARP principle is applicable in this
region.



Figure A3.2

Dutch criteria for societal risk
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4. The ALARP principle

The ALARP (as low as reasonably practicable) principle arises from the fact that it
would theoretically be possible to spend an infinite amount of resources such as
time, effort and money in an attempt to reduce a particular risk to a level of zero. It
will be a never-ending process.

The objective of risk management is to reduce the risks associated with a particular
activity to such a level that nothing else can be done further without serious cost or
other disadvantages. These disadvantages may be of such a magnitude that it is
not worthwhile to pursue the activity anymore. It means that all reasonably
practicable mitigation measures have been taken to reduce the level of the residual
risk. The risk is then low enough so that any attempt to reduce it further would be
more costly than the costs that may be incurred due to the risk per se. The residual
risk is then called tolerable risk, as shown in Figure A3.2.
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Material Safety Data Sheet
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The following Material Safety Data Sheet (MSDS) are enclosed in this report and

must be kept on site:

1. Diesel.
2. Natural gas.
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Material Safety Data Sheet

| SECTION 1 PRODUCT AND COMPANY IDENTIFICATION

DIESEL FUEL No. 2

Product Use: Fuel

Product Mumber(s): CP5220122 [See Section 16 for Addithonal Product Mumbers]
Synonyma: 15 S Diesel Fuel 2, Alkermative Low Aromatic Diesel (ALAD), Calen LS Diessl 2,
Calco ULS DFZ, Caleo ULS Diesel 2, Chevron LS Diesel 2, Chevron ULS Diesel 2, Diesel Fuel
Oil, Dinsal Grade Mo, 2, Diesel Mo, 2-00 515, Diesel Mo, 2-0 5500, Diesel Noo 2-0 55000,
Dustillates, straight run, Gas Qll, HS Diesel 2, HS Heating Fuel 2, Light Diesad O Grade No. 2-0,
LS Deesed 2, LS Heafing Fusl 2, Manne Diesel, RR Diesel Fuel, Texaco Diesal, Texaco Diesel
M, 2, Ulira Loy Sulfur Diesal 2

Company ldentification

Chevron Products Compamy

Markeling, M3DS Coordinalor

GO0 Bonger Canyon Road

San Ramon, CA 24583

Linitend States of America

Transportation Emergency Responsa

CHEMTREC. (B00) 424-9300 or (705) SE7-3087

Health Emergency

ChevronTexaco Emergency information Canter: Located in the LESA. Intemational collect calls
accepted. (BO0) 231-0623 or (510) 2310623

Product Informaticn

MEDE Requests: (BO0) 689-1288  Technical Information: (5100 242-5357

SPECIAL NOTES This MEDS covers all Chevron and Calco non-CARE Diesel No, 2 Fuals The
sulfur content is less than 0.5% {mass). Red dye is added to non-taxable foel. (MSDS G504

| SECTION 2 COMPOSITION! INFORMATIOM ON INGREDIENTS

| COMPOMEMTS CAS NUMBER  AMOUNT

| Diese Fuel No.2 |6B4TE-346 | 100 Swid

| [Destillates, hydrodesulfurized, middle | B4742.80.9 0= 100 St

| Destillates, straight run middle (gas oil, lght) B TAT-4-2 L0 100 Sawrthet

| Kersipe . BO08-20-6 ﬂ - 26 Bowliwil

| Hemalr;e, hydronesulfenzed :54?42.-&143 fn - 25 %u'rrhﬂ.

| Destillates (petrolzum), light catatytic cracked &4741-50-0 0 - 50 Swtiw

| Maphthalens ' g1-20-3 10,02 - 0.2 %wtint

| Total sulfur Nome | 0- 0.5 %wtint
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SECTION 3 HAZARDS ENTIFICATION

EMERZENCY OVERWEW

- CONBLISTIELE LIQUID AMD VAPDR

~ HARMFUL OR FATAL F BWALLOWED - MAY CAUEE LUNG DAMAGE IF SWALLDWED
- CALEES EKIN IRRITATION

= MAY CAUEE CANCER BASED ON ANIKIAL DATA

- TOMIC TO AQUATIC DRGANISME

IMMEDIATE HEALTH EFFECTE

Eye- Mok expecied o case prolongsd or signifcant eye imiation.

ki Combac] wilh e akin digesss arilahon Skin aonlad may cesss deying or defallog of he
ek Syrhprhieres may rchade paen, dchng, decokeaton, sweling, and Belenng Conlpd wilh the
BRin & nol expeched o caee an stenge akin fespoies. Mol erpecsd o e armmlul o indenst
ofgans il absorbid dirough e skin

Ingestean; Becase of s by vecosly, e matenal can drecly evier the bngs. 1§ swabiremsd, of
F sutriequercily voindled. Omce a the ungs il e ey allicull b remdee and can calss pesan
Puiy o ceath, My b imlalng o modh, el sed siomach Symploms mey mcde peen,
nimrsan, womilifg. and demhes

Inhalaticm; Mets of fes retlenal may s reepiealony imlalion Symplame of respraicey
rribation mmay inchisle cougiing aed difoudly breathicg, BeeaFeng Fie mabeng gl cindceniraloes
Bixrag e recomenenged arposire miks may caes cotbal et syetem aflscts Central
Prstyens aymlam effecs ey rchafe hesdache digpness, fabses somiling, wepknees, fes ol
tndnabon, Bluined wean, deowriniss, cirheion, or disonerdalion & aximme sxpotuies,
Geniral neresis syl ellecds may nohile sespitalony cepresmion emonm o onndsion, ks
ol fnscioysness, Goma or deal

DELAYED O OTHER HEALTH EFFECTS:

Cancer: Projonged of repeated saposuns o ths materal may couse canoer. Whoke dicsel engine
mxhaust has been classicd as 2 Group 28 marcincgen |probably carcnogena 1o humans) by the
imernatonal Agenay for Ressarch on Cancer [TARC) Dissel exhaus! pamiodale has been
dlassifind as reasonably aniicined [oDe & human carnogen in = Natioral
Peogeant's Minih Rioport on Comnogers. The Magonad instilwe of Doospational Sakety and Heslth
[FICEH] has recommenced that whike Sesel exhaust bo regarded as poteniially causing cancer,
Diesel engne exhaust is knoawn (o ine Siole of Califiomda 0 couse canoer. Contars naphihakene,
which has been cassfied &5 a0 Group 28 carninogen (possinly caIENDQEno o umans) by the
Imernatonal Agency for Ressanch an Canoer {IARC)

Bz Sochion 11 for addbioral informalon. Rsk depends on duradon and kevol of exposons

SHCTHON 4 FIRST AD MEASURES

Eye: Mo speciin sl aid measwres are requesd As 3 precauon, FEmose conlad kenses, §wom,
and fush eyes with =alsr.

Siimy; YWash shin wth waler iemedately and removs contamingisd ciolhing and shoss, Get
medical aftenhon il ooy symptoms dewslop. To remoe e malensl from skn, use soap and
=i, Mmm e shoes or fhonoughbly cean Defors reuse

Ingestion; Il wwvaliowed, gt immediate medica atienson. (o not nouse womiteg,. Never gve
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anyting By mouth to an uneonscious person,

Inhalation: Move the exposed person fo fresh air. if not breathing, give artificial resgarabion.
breathing |s difficull, give axygen. Get medical attendion (f breathing difficuiies continue

Mote to Physicians: Ingesbion of this product or subsequent vomiting may result in aspraton of
light hydrocarban Baquid, which may cause preumonilis.

SECTION 5 FIRE FIGHTING MEASURES

See Sechaon T for praper handing and storage

FIRE CLASSIFICATION:
OS5HA Classification (29 CFR 19101200} Combustibls Bguid.

MNFPA RATINGS: Health: 0 Flammability: 2 Reactaty: 0

FLAMMABLE PROPERTIES:

Flashpoint: {Fensky-Martens Closed Cup) 52 °C (125 “F) (Min)

Autoignition: 257 "C (434 “F)

Flammakbility (Explosive} Limits (% by volume in air; Lower 006 Uppar £ 7

EXTINGUISHING MEDIA: LPse wales fog. foam, dry chemical of carbon dioxide (CO2) o
extinguish flames

PROTECTION OF FIRE FIGHTERS:

Fire Fighting Instructions: For fires invahing this material, do not enter any enclosed o
canfined fire space without proper protectve equspment, ncheding self-contained breathing
apparahes

Combustion Produets: Highly dependent on combustion comndiiona. A complex mixiure of
airbome solids, liguids, and gases including carbon monoxide, carbon dioxide, and unideniifed
argant compounds will be evolved when this malersal undergoes combuston

SECTION 8 ACCIDENTAL RELEASE MEASURES

Protective Measures: Eliminate ail sources of ignitice in the vicinity of the apll or released vapar
If this material is released nto the work area, evacuate the area immediately. Monsor area with
combustible gas indicator.

Splll Management: Siop the source of the release if you can do i withouwt risk, Contain release fo
prexvent further contaminadion of soil, surface water or groundwater. Clean up spill as soon as
possibbe, observing precautions in Exposure Conlrois/Personal Profeclion. Use @ppropriale
techmegues such as applying non-combustible abaorbent matenials of pumping. Al equiprment
used when handling the product mast be grounded. A vapor suppressing foam may be wsed o
reduce vapors. Lse chean non-sparking locks 1o collect absorbed material, Where feasible and
appropriate, remowe contaminated soil. Place contaminated materials m disposable containers
and dispase of in a mannes consistent with applicable regulations.

Reporting: Report spills to local authorities andior the U5, Coast Guard's Mational Response
Center at {800} 424-8802 as appropriate or requined

SECTION T HANDLING AND STORAGE
Precautionary Measures: Liquid evaporates and forms vapor (Tumes) vwihech can alch fire and
bum with explosive farce, Invisible vapor spreads easily and can be sefan fire by many sources
such as péot lights, welding equipment, and electrical motors and swilches. Fire hazard is greater
s liquid lemperature rises above 20C (B5F ). Do nod gel in eyes, on skin, or an clothing. Do not
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taste or swallow. Do not breathe vapor of fumes. (o not breatne mist, Wash tharoughly afier
handiing. Keep out of the reach of children.

Unusual Handling Hazards: WARNING! Do not use as porfanle heater or appsance fuel Toxle
fumes may accumulaie and cawse death

General Handling Information: Avoid contaminating sod or releasing this malenal mio sewage
and draimage sysiems and bodses of wabsr,

Static Hazard: Electrosiatic charge may accumadate and create a hazardows conditon when
handing this material To manimize this hazard, Bording and grounding may be mecessary bul
may nof, by themsetves, be sufliclent, Review all operations which have the potential of
penerating and accumulating an electrostatic charge andior a flammable atmosphere (incheding
ank and container filfing, splash filling, tank cleaning, sampling. gawging. swilsh loading, Tifering,
mixing, agitaton, and vecuwum truck operations) and use appropriata mitigating procedures. Far
meore information, refer to OSHA Standard 28 CFR 1910.106, "Flammable and Combustible
Liguids', Mational Fire Prolecton Associalion (NFPA 7T, 'Recommended Praclios on Static
Electngity’, andior the American Petrodeum Ingtitute (AP} Recommended Practice 2003,
'Protection Agamst ignitions Ansing Out of Static, Lightming, and Stray Curmenis’

General Storage Information: DO NOT USE OR 5TORE near heal, sparks, flames, or hol
surfaces | USE AND STORE OMLY IN WELL VENTILATED AREA. Keep container closed when
not in use

Container Warninga: Containes s not designed to contain pressure, Do not use pressure o
empty conlainer or it may repture with explosive force. Emply containers retaim product residus
{salid, liqued, and/or vagar) and can be dangerous, Do nod pressurize, cul, wekd, braze, soldes,
drill, grind, or expose such containers o heat, flame, sparks, stabc elecinicity, or other sources af
ignition. They may explode and cawse injury or death. Empty containers should be completely
drained, propery chosed, and promplly returned bo a drom recondiioner or disposed of properly

SECTION 8 EXPOSURE CONTROLS/IPERSONAL PROTECTION

GENERAL CONSIDERATIONS:

Congader the potential bazasds of this material (see Section 3). applicable exposure limits, job
aclivibes, and other substances in the work place when designing enginesning condrols and
selecting personal profectve equipment. If engineering controls or wiork practices are not
adadguale b prevenl axpasaere 1o harmiul levels of this material, the personal pralective
equipment Haied below 8 recommeanded The user should resd and understand all instrections
arid limitations suepplied wih he equipment since protection & useally provided For a imited time
or under ceram clroumstances

ENGINEERING CONTROLS:
Lise process enclosures, local exhagst ventilation, of ofher engineening controls 1o contral
airbome levels below the recommended exposure limits.

PERSONAL PROTECTIVE EQUIPMENT

EyelFace Protection: Mo special eye protection is normally required. Where splashing is
possible, wear safoly glasses with sddo shiekds a5 a good safely praclios.

Skin Protectlon: Wear protectve ciothing to prevent skin contact. Selection of profectve diothing
may include gloves, apron, boots, and complete facial protection depending on operations
conduoled. Suggested malerials for prolective gloves include: Chiarinated Palyethylons (of
Chiorosulfonated Polyethylens), Nifrile Rubber, Polyurethane, Viton

Respiratory Protection: Determine if airbonne concenirations are bebow the recommended
oosupalional expasure imits for jursdictan of use. IT airborme conoenbralicans ane above (he
acceptabbe limits, wear an approved respirator that provides sdequate protection from ths
maternial, such as: Air-Purifying Respirator for Organic VYapors. When used as a fuel, this material
can produce carbon monoxide in the exhaust, Determine if arbome concentrations are below the
oocupational exposure limit for carbon monoxide, If not, wear an approved positive-pressure air-
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SECTION 11 TOXICOLOGICAL INFORMATION

IMMEDIATE HEALTH EFFECTS

Eye lrritation: The eye imiation hazard is based on evaluation of data for similar matenals or

product components,

Skin brritation: The skin imitaticn hazard |s based on evaluation of dafa for simsar materials or

product compaonents,

Skin Sensitization: Ths malenal did nol cavse skin sensilizalion reaclions ina Buehler guinea
ig test,

E.cuhe Dermal Toxdcity: LOED: =5milkg (rabhbit).

Acute Oral Toxleity: LDS0 = & mikg {rat)

Acute Inhalation Toxicity: 4 houn{s) LCS0: = Smg! (rat).

ADDITIONAL TOXICOLOGY INFORMATION:

This product contains gas oils.

CONCAWE (product dossior 851107 has summarized current health, safely and environmental
data avadable for @ number of gas ois, typically hydrodesuliunzed micdle distillates, GAS 64742-
B0-3, straighi-run middle distillates, CAS 64741-14-2, andior light cat-cracked distillate CAS
64741-50-9. CARCIMNOGEMNICITY. All malerials tesied have caused he development of skin
temers in mice, bud all fealured severe skn irmtation and sometimes a long latency penod before
tumors developed. Straight-run and cracked gas oil samples were studied to determine the
influenes of dermal iritation on the carcinogenic activity of middie dist@lales. A non-irtant doses
e straight-run gas cd was net carcinogenic, but at imitant doses, weak activity was
demonsirated. Cracked gas oils, when dilufed with mineral oil, demonstrated carcinogenic activity
irrespechve of the ocourmence af skin imation. Gas oils were lested on mabke mice 1o study Wumaor
initiatingipromating actaity. The results demonstrated that while a straight-run gas oil sample was
neither an initiater or promaotar, a blend of straight-run and FCG stock was both a tumor indiator
and a promoter,

GENOTOXICITY: Hydrotreated & hydrodesulfurized gas oils range in actvity from inaclive to
wrdkly posilive in n-vilro baclesial mutagenicity assays. Mouse lymphoma assays on slraight-run
gas oils withowt subsaquent hydrodesulphurization gave positive results in the presence of 58
metabolic activation. In-vivo bone mamow cytogenetics and sister chromadic exchange assay
ehibited no activity for straighl-run components with or withoul hydrodesulphurization. Thenmally
or catalytically cracked gas ofls fested with In-vitro becteral mutagenicity Bssays In the pregence
of 59 metabolic activation were shown o be mutagenic. In-wiro saster chromatic exchange
assays on oracked gas ofl gave equivosal resulls both with and withoul 5% melabaolio acthvation.
In-vivo bone marrow cylogenetics assay was iInactive for two cracked gas oll sampies. Three
hydrocracked gas oils were tested with m-vitro bactenal mutagenicity assays with 59, and one of
liwiz three gave postlive sesulls. Twehoe dislifsle fuel samploes weie tested with in-vitio bacherial
mutagenicily assays & with S5 metabolic aclivation and showed negative 1o weakly positive
results. In one senes, activity was shown 1o be related to the PCA content of samples tested. Two
in-wiva sludies wene also conduected. & mouse dominant lethal assay wias negative Tor a sampla
of diesel fuel In the other study, 9 samples of Mo 2 heating oil containing 50% cracked stocks
caused a slight increase in the number of chromosomal aberrations im bone marrow cytogenetics
assays, DEVELOPMENTAL TOXICITY: Diesel fuel vapor did nof cause Telobos or teratogenic
effects when pregnant rats were expased on days 6-15 of pregnancy. Gas oils were applied fo
I skin of pragnani rats daily on days 0-18 of gestation. All bul one [ooker light gas o) caused
tetoloxicaty (increased resompdions, reduced litter weight, reduced lither size) af dose levels that
were also maternally fogic.

This product contains raphthalens. GENERAL TOXICITY. Exposure 1o naphthalans hias been
repored to cause methemoglotinernia andior hemotytic anemia, especially in humans deficsent in
tive enzyme glucose-G-phosphate dehydrogenase. Laboratory animals given repeated oral doses
ol naghtieslene have developed cataragts. REPRODUCTIVE TOX|CITY AMD BIRTH DEFECTS.
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Maphthalene did nof cause birth defects when adminstered orally io rabbits, rats, and mice
during pregnancy, but slightly reduced litter size in mice at dose lewels that were lethal 1o the
pregesant females. Naphthalene has been reported 1o eross the hurman placenta. GENETIC
TOXICITY: Naphthalene caused chromosome aberrations and sister chromatd exchanges m
Chinese hamster ovary celis, bal was nol a mubsgen in several obber m-vitro tests
CARCINOGENICITY In & study conducted by the Natonal Toxicology Program (NTR), mice
exposad 1o 10 or 30 ppm of naphthalene by inhalation daily for bwo years had chronic
inflammation of the nose and lungs and increased incidences of mataplasia in hose ssues. The
incidence of bemgn lung tumars (alveolanbronchiolar adenomas) was signdicantly increased in
tive high-dose female group but not in the male groups In another two-year inhalation study
ponducted by NTP, exposure af rals i 10, 30, and 50 ppam naphibabens caused increases in he
incidences of @ varely of nonneoplastic lesions in the nose. Increases in nasal fumors were seen
in both sexes, incleding offactory neuroblastomas in females at 60 ppm and adenomas of the
respiratory epidhelum in males at all exposure levels. The refevance of these effects o humans
has not been established, Mo cancinogenc effect was reported in a 2-year feedng study in rats
receiving maphthalene at 41 mg'kg/day.

Thiis produsct may contain significant amounts of Pofynuclear Aromalio Hydrocarbons (PAH'S)
which have been shown fo cause skin cancer after prolonged and frequent contact with the skin
af test anirmals. Briefl or intermiltent skin contacl wilh this product is nol expectled to have sefous
effects if it 1= washed from the skin, While skin cancer |8 unlikely to occur in human beings
following use of this product, sken contact and breathing, of mests, vapors or dusts showld be
reduced L@ minimuam.

SECTION 12 ECOLOGICAL INFORMATION

ECOTOXICITY

86 hour{s) LCS0: 21-210 mgel {Salma gairdne )

48 hour(s) ECED: 20-210 mg/l {Daphnia magna)

72 hour{s} EC50: 2.6-25 mg (Raphidocellus subcapitata)
This mabedial & expocted Lo be loxk o aqualic crganisms.

ENVIRONMENTAL FATE

On release to the emaronment the Bghter components of diesel fuel will generally evaporate bt
depending on kocal envirenmenlal condiions (temperatune, wind, mizing of Ywave aclion, sof ype,
et | the remaindar may become disparsed in the water column or absorbed to soll or sediment
Deesed fuel would not be exgpecied to be readily biodegradable. In 8 modified Strum {est (OECD
mmwlfvd 200 B) approximatety 40% biodegradation was recorded over 28 days. However, il has
been shown ihat most hydrocarbon companents of desef fuel are degraded in soll iIn the
presence of oxygen. Under anaerchic condibons, such as in anoxic sediments, rates of
biodegradation are negligibie.

SECTION 13 DISPOSAL CONSIDERATIONS

Lise rmatenial for its infended purpese or recycle if possibie, This matenal, If it must be discarded,
may meet the cniena of a hazardous waste as defined by US EPA under RCRA (40 CFR 261) or
ather Slate and local regulations, Measusemenl of cartain physical properties and analysis for
reguiated components may be necessary o make a correct determination. If this materal is
classified a5 a hazardous washe, Tederal law requines disposal at a licensed hazandous wasle
disposal facility
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SECTION 14 TRANSPORT INFORMATION

The description shown may not apply fo all shipping situations. Consull 48CFR, or appropiale
Dangerows Goods Regulations, for adddional description requirements (e g, techimcal name) and
mode-specific or guanbty-specific shipping requirements

DOT Shipping Description: GAS OIL, Combustible Ligusd, UN1202 11

IMO/IMDG Shipping Description: GAS OIL 3 UN1202,11I, FLASH POINT SEE SECTION &
ICACIATA Shipping Description: GAS OIL3 UN1202, 11l

SECTION 15 REGULATORY INFORMATION

EPCRA 311/212 CATEGORIES:

1. Immediate (Acute] Health Effects: YES 2, Delayed (Chronic) Health Effects: YES
3. Fire Hazard: YES 4. Sudden Release of Pressure Hazard: N2 5. Reactivity Hazard: NO

REGLUILATORY LISTS SEARCHELD:

01-1=1ARS Growp 1 (3=EFCRA 313
D-ZAEIARC Graug 28 Da=CA Progasition E5
01-FR=IARE Graup 2B [E5=MA RTK
(2=NTP Carcnogean D6=M.J BTK

O7=P# HTH

The following componente of this material are found on the regulatory kste indicated.

Dizsed Fuel No. 2 o7

Destillates, straight run middie (gas oil, hght) (i ]

Kercaine 05, 06, OF

Maphthalens 01-2B, 02, 03, 04, 05, 06 0T

CERCLA REPORTABLE QUANTITIES{RQVEPCRA 302 THRESHOLD PLANNING
QUANTITIES(TPQ):

fﬂﬂmumnt C:nmpunml RQ fnmpnnlﬂl TPQ |F|'u-dul:i RO
[Naphthalene (100 Ibs Hone 155556 Ibs
CHEMICAL INVENTORIES:

All components comply with the follewing chemical inventory requerements: AICS (Australsa), DEL
(Canada), EINECS (European Union), IECSC (China), KECI (Korea), PICCS (Philippines), TSCA
{Lbriilesd States),

MEW JERSEY RTK CLASSIFICATION:
Refer to components ksted in Section 2. Under the Mew Jersey Righé-to-Know Act L. 1983
Chapler 315 N5 A 34:5A-1 el seq.. the produsct &5 1o be identified as follows: DIESEL FUEL

WHMIS CLASSIFICATION:

Class B, Dvsion 3: Combustible Liquids

Cass [ Division 2, Subdivision & Wery Toxlc Material -
Carcanogenicity

Class D, Division 2, Subdivision B: Taxe Material -
Skin or Eve Irrdation
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SECTION 18 OTHER INFORMATION

MFPA RATINGS: Health: 0 Flammability: 2 Reactiaty. O

(O-Lests!, 1-Shight, 2-Modarate, 3-High, 4-Exirame, PPE - Personal Protection Equipment ndex
recommmendation, - Chrons: Effect Indicator), These values are obilained using the guidelines. ar
published evaluations prepared by the Mational Fire Profection Assocation (MFPA) or the
Maticral Paint and Coating Associabion (for HMIS ralings).

Additional Product Numben|s): CPS225114, CPSZ25115, CPS225150, CPSIEG1TE,
CPS2ITO0065, CRE2T000Y, CPS2T0005, CPS2T000E, CPS27 1006, CPS2T 2003, CPS272102.
CPE2THE, CPS2TNE2, CPSTHES, CPS2TH90, CPS2T2195 CPS2T2503, CPS2T2601.
CP52T2683, CPS272793, CPS2T3003, CP5273050, CPS273053, CPS2T3000

REVISION STATEMEMNT: This revision updates the following sections of this Materal Safety
Data Sheet 1.8

Revision Date: 02/74:20085

ABBREVIATIONS THAT MAY HAVE BEEM USED IN THIS DOCUMENT:

fTLv - T‘ru'amnld Lmt‘.’:alua WA~ Time w:alqhhard A'-’ersu-a

|STEL - Shari-term Expesra Limi PEL - Parmissivie Exposure Limit

[ S B CAS - Chemical Absiract Servica Numbar

{ACGIH - Amercan Conference of Gavermment  IMOVIMOG - Intematiomal Maibme Dangeous Goods

(Industnal Hygenists Code

AP - American Petraleum institute MSDS - Material Safaty Data Shest

o - C-I'm.-mnTnam "MFPA Mahonal F|r|: F'rufnchnn Amn:hm{ﬂﬁﬁ.}
DI:I'T D-npanlmmt-nf'l'm:putahun [US.‘.] NTP - Ni'nni T-|:\n|:|\:||:|l|:|.g:,I Prnr:m |:L|S.Ej

IARE - International Agency for Research an 'OSHA - Dccupational Safety and Health Administraticn
‘Cancer

Prepared according to the OSHA Hazard Commanication Standard (29 CFR 1910.1200) and the
AMSI MSDS Standard {2400, 1) by the Chevron Texaco Energy Research & Technology
Company, 100 Chevron Way, Richmond, Califormia 24602

The above information is based on the data of which we are aware and is believed to be
correct as of the date hereof, Since this infermation may be applied under conditions
beyond our contral and with which we may be unfamiliar and since data made available
subsequent to the date hereof may suggest modifications of the information, we do not
assume any responsibility for the results of its use. This information is furnished upon
condition that the person receiving it shall make his own determination of the suitability of
the material for his particular purpose.
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2 Composition / information on ingredients

Narme cAs# % by Exprogure Omils
wEg
Medfaans r4-428 = e Sinyie esainenanl
FGE 55
Elfhane F4-g4-2 ATFET SUTRIE eSamEnl
Irnila 55
NITROGEN GAS Fr27-3r-9 28017 Shmaie espipedant
ek %)
PROPANE T4-8545 2600 ACGIH TLV (Thiited Sisdes. 2007
Imia Sl Tekis: 1808 g @ hawns),
OSMA [United States, 2003)
e 1009 pom . 8 has)
RGHT (Uinited States, J004)
TeA. 1800 oo 8 hawe)

3 Hazards identification

Phygical state ang T Has

Appearance

Emergency overviaw 7 DMNGER
FLAMMAELE GAS

AT CALSE FLASH FIRE

GA5 RECAUCES QXYIEN AVAILARLE FOR BREATHING

HEzarcauws pas dRcar rassuia. Kaea away om bas, soanks and feme. Do mal punclive
o incinerade conlainar Kesn comane chmea. Uea onl with adeguale vemllaian Do nod
galar sfarege erass end confingd spFces wnieas sdaqusiah: venl e ed

Comtinuad on Next Page I
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Matural Gas Page: 2%
Routes af antry 2 inhaiaion.
Paotential acute health effects
Eyes  Nof consasred do be a hazand
Skir ; Mot consxdened io be a hazand,
Inhalation * Hazardous in case of inhalabon dsphyedant
lngestion  : Nof apoicable (Gas)

Patential chronic haalth
effects

Medical conaitions
aggravated by
Ve PR XS AR
Overexposiire

fsignsisymploms

: CARCINOGEMC EFFECTS Mot tiated
MUTAGEMIC EFFECTS: Mot fisted
TERATOGENIC EFFECTS. Mol lsfod

: Fepealed or pralonged expascre (5 nod known to aggrevare medical condifion.

+ Asphiecation.

See taxicalogical information (section 11)

4 First aid measures

Eye contact
Skin contact
Inhaiation

Ingestion
Mates fo physician

: Firstad (3 pormadly ied reguined

¢ Fwsl e @ normaily ot required. Dermal contsct with & rapidiy expanding gas could resaif
in frosding of the Hzswes or Fostbida. Trydo warm up e fozen fesoes and seek medical
afention

If inhaled. remave to fresh ar, If nof breattung, gree artficial resprabion.  F bresthing /s
difficult. ghe oxygen. Gef medical altsnbon immedaiely.

: Mot apmicatls (gas)
2 Support resowaiony and cardiovascule finelion

5 Fire fighting measures

Special remarks on fire

%

Special remarks on
explosion hazards

: Flammable
: BRAC (1202°F)
: Cloged cup; Lower than -18°C (0°F)
: LOWER: 5% LPRER: 15%
These products ere carkan oxides (0, 02} nirogen oxides (VD NOEZ, )
; Flammabls in presence of open flames, sparks, sfabc dischargs, st

: Exploasée n gregence of oEidzing maherials.

: BMALL FIRE: Use DfRY chemics! posder
LARGE FIRE, Lse fog of foam. Do nol use waler f!  Move conbinfg vessels from fing
dvda 1 wilthoul sk, Cool confaming vessels wilfy Mooding quaniilies of wiber b’ wall afler
firer b5 ool Cool confaiming weesels wilh waler jof i order fo preven| peessune Build-up,
surfogrtion or explosion. Do nof exdnguish 8 leakong gas fame unless lsak can be
siopped. Extinguish secondary firs. Handle damaged cxlingers wilfy sxtreme cars.

: B sure fo are an aporovediearlifed resplalor or edqudaeken!

3 Mo ool remack,

: Nip addiona remark.

Continued on Next Page
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6 Accidental release measures

Small spill and leak

Large spill and laak

Try fo stop the gaseows keak by fapmg the conlaunsr with an appraprate malenal fape,
shreiched plasic)

¢ Do not direct water at Spill or sowrce  Use water spray curlan fo divert gas ol Preven?

eniny i sewers. hasemenis or conived areas Elrunate &l Igndn solvoas.

7 Handling and storage

i

Staraga

: Heap away from heal, sparks and fames. Do nod punclune or incinerate. Hsep confainar

closed  Use only with edequale ventiafion. Tosvoid fine, minimize gmuifion sodrces. Lae
saposon-proaf elecinical fwentilating, ighting and makenal haning) sqimmsmt

: Kesap costainsr 0 8 cool weli-venilsled ares  Mesp container tightly closed and sealksd

untl ready for use. Segregats fram oxidizing matenais. Avoild all possibis sourpss of
fgnitian {2oak or fame).

8 Exposure controls, personal protection

Enginecring comrols 1 Provide extarst venilsbon or odher enguieenng controls o keep the aiborme
concenirations of gases below they respective hrashold fmi value

Personal profection

Eyes : Splash goggles

Bady 1 Owerals

Rezplratory { Vyear appropriaie respirador whan venfiladon (s madeguaie,
Hand's : Sloves.

Feai : Bools:
Profactive clothng 3
Personal protection in case @ Wearagpiopiske respietor when venlislion i madeguale Suggeslsd prodecthes ciolivmg maghil nol be
of a large spill sufficient. covsul & speciaisl BEFORE handing v produet.
Product name Exposure limits
Methame Sirge it
Eilang Simple asphyeant
Mitrogen Simple sspiecant
Propame ACGIH TLV (United States, 2002).

TWiA: 1800 pavm 8 howr(s)
Q5HA [United States, J002).
T 1000 ppm & Rour(s)
RQMT United States, 2002),
Twid: THO0 povm & hour(s)

9 Physical and chemical properties

Physical state and
APPEArance

Color
Qaor

: Gas

o Colursss

§ Dhdppriess

3 Mo data avaloble

: Nl appicatie,

1 Nl applicabie,

I Aodeia aialable.

3 +TBOTC (-256'F)

r 17240 (-277.6°F) based on data for: Ethare. Wesghisd sversge: -183.30°C [-208.1°F)
1 Mo doefa gualable
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Matural Gas Page: 46
Specific gravity T fanth reference do air)
Vapor pressure o Mol apolcahie.
Vapor denzify ;N dala sveilahbs
Vadlatility 5 TS feedee)
Cdor thres hold : The lowest known vakos is 200 pom (Methane) Wiighied averags: 338 35 ppm
Evaporation rafe o Mol appicabie
VoG o ol apploabie
Viscosiny 5 Dynare Q017737 oP
LogH... o Mot appicatie.
Tonieity fin water) T Mol appieatis.
Disparsion properiies T Mol appicatis.
Sodubiiliy T Skghily soluble w cold waler, acelone

Physical chomical commernts @ No addiffonal rermark
10 Stability and reactivity

Seability and reactivity I The proauct 5 sfabls

Caonditions of instability = Mgl and i [he preseice of aodisng Sgenls
lacompatibility with various  © Feacive of moomoadibie willy cxglisng ageils
subsfances

MHazardous decomposition 5 Nodafa aveiable

produsrs

Hazardous polymerization 2 W not eecar,
11 Toxicological information

Toxicity to Animals : No dala avadabie

Chromic effects on humans ¢ o adaiional rermnack

Other foxic effects on 7 Mo specific informalion /s avatabe i our defabsse reganding ihe other fagic sffecls of s
humares material for humans

Speclal remarks on foxleity b @ Mo addfenal remerk.
amimals

Special remarks on chronle @ Mo aooitional remerk.
affecls on hinmans

Spacial remarks on ofher ;Mo agditional remark.
roxic affects o MUmans

12 Ecological infermation
Ecoroxic i : Mo dafa svalabls.
BOD and COD 3 Nodafa avadabe
Biodegradable/0ECD : Easily biodegradabie
Maobiliy ; MNodata avalabls.
Products of degradation 5 Thes prodiels are Catbon oxidieg (000 CO) and ivaler, nilioge cxdes (NO NVOZ. )
Toxicity of the produces of @ No dafa svafble
biodegradation
Special remarks on the 3 Mo addilianal rerrank
producrs of biodegradation

Continwed on Next Page
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MNatural Gas

Page: 56

13 Disposal considerations

Waste information

r Waste musi be disposed of in accordance wilh federal. shate and iosal ensmonmental comsdral

reguiz fions
1 Nof dals svarabie.

Consult your local or regional authorities.
14 Transport information

Reguiatory U Proper siWpping name | Class Packing |Labe! Additional
information roriser group Irformration
oor UN TaTT (MATURAL GAS, DOT Class 2.1
Classification COMPRESSED, with Flamrmabin gas
Higghy e coviland,
TDG US 7971 (NMATURAL GAS, ToE Ciass 2.1:
Clagsififcation COMPRESSED with Flammabie gas
higfy eralfiane conbe
IMONG Class uNTaf INATLURAL G345, [\WDGE Class 2.1, -
COMPREESSED, With |Flmrmabie gas
Mgty yraeifrane ool
IATA-DGR id1aM (WNATURAL GAS. |lATA Class 2.1
Clags COMBPRESSED, with [Flammabie gas
Mgl melfane conlen,

15 Regulatory information

HES classificanlon

U5, Federal regulations

EU Regulations

! Class: Flammabie pas.

r TECA S(b) dveniory. Methane Efhans Nifrogen: Fropans

SARA 302°2304311/212 extremely hazardows substances: Mo producds were found
SARA 202304 emergency pianning and nohification; Mo products were found

SARA 302304311312 hazardous chemicals No products were found.

SAA I E ME0S disribution - chemical invenlony - hazand genication: Mo producks

were fownd

SARA 313 towe chemical notificabion and nelsase reporing o producis wers found.
Clean Water Act [TWA) 307 Vo prodlocls wiare fawmd
Claan Water Aot fOWAT 311 No products were fownd
Clean aract (GAAL 112 aocidental release prevenfion Wethans, Eifians Propans
Cleari aw Bol (CAA) 112 reguiabed Raimrable subs [Eoces Welfuames EFame, Sropdme
Clean ax et (OAA} 112 reguialed tome substances: Mo products wers found.

: Rhode lsland RTE hazsrdous subsianees. Metitans, Elfame. Miragen, Propane
Fennsyhanma RTE MWethane: Effans; Nirogen, Propans

Florxda Nitrogen

Mnnesota: Methans: Ethans Nirogen, Frogans
Mazzachuselts BT Methane, Ethane: Nitrogen: Fropane

MNew Jersey Methans, Ethane Fropane

M Javsay sl el Methaie, Effane Nivogen, Brooune
Calformia prop. 6% Mo products were found.

Cominued on Next Page
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Natiral Gas Page: 66
Hazard symbuolfs)
Classification : Estremely Mammabie
Risk phrases :ORTE Exlrecrly Marmmaids
SBafety phrases 7 85 Keop condainer i a wellvenlistiod place.

S1E- Keop away from sourses of goilion - Mo smodng.
£33 Take precautionany meeaures egaltsl sighc decharges

EINECS Number D -1 E-T {Methane| 200-214-8 (Elhans), 231-783-F (Nirogen gas) and 200-827-8
(Propans).
16 Other information
MNational Fire
Profection R
Association Heari Busciily
fU.5.4. Specific bzt
Raferances ! -Hawley, G G The Condensed Chemecal Cactonary, 118 ed., blew York bLY | Van

Mzstrand Remald, 1967

-3AK, M1 Danrgerous Properies of Indutnal Masensis. Toronto, Wan Mostrand FRemcld, Ge
o 1584

=Tha Sigpmia-Aldrich Library of Chemacal Safety Data, Edition il

Gk de la ke du rdglement sur e iranspol des machandises dange ureuses ay
canada. Centre de conformité misrnatinad Ltde. 1586

-Chemacal Hazards Response |nformabon Sysiem.

-Hazardous Substances Data Bank

Other gpecial : Mo sdddionsl remark
coneiderations

Date of printing o A0,

Date of izgue o BOI0RE0,

Date of previous issue © Mo Previous Validation,
Wersian o

Verified by - Albert George.

Noties fo reader

Thiz MEDS aumymanses af e gaie of Gsue owr best knowiedpe of e healft aadely and enamnmental harard vrmation nelsded fo fbe praduct, amd in
pariouiar how fo safely handis, use, siore and ransaoet the podoet i the woriplece. Suce 54500 and #o spbsidanes camnal anticipate or contm! e

OIS ander which the progiel may he henditg, s, Sioned’ oF Fananorted. aach waer st pror 0 Lsace, revkne e MSDE i i conlesd of how
B ey rifanids ko hendie, pee. slore o frenspoe] (he prodoct i dhe workplece and deyond and comsmmicate such joformesbon to off relseant paries ¥

ClRrTalon or ST infrmmanion L meeohi! 10 avEine Lhal 20 S00randi it ARsRIRmenT Car he made, the U 0oy caniee e CoRpany

e shall not assume any debity for the aocuracy o compislanass of the intrmahon contamed kerem o sny aohioe gIVen criess fhens has been gross
FepEcE o Oor et (T el envenl Cor MRl st be Krailed only 1o dvech civrispas i, Qur respanabily iy prodiict ss sold i sobyec! o ow
shandard ferms and conoyions, o cogy of which 19 sanlio owr cusiome s and i also avavnbles 4pon request. AV sk nssooaied with ibe possassan and
appieaan of the product passes on gelueny
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Annexure 5
Certificates of Accreditation and Registration

‘'sanas

south Afncan Nafiona
Accreditation System

CERTIFICATE OF ACCREDITATION

It of section 2220 of the Acoredivarion for Confarmite Asreszmert, Califration and CGood Leboratary
Practies Act, 2006 (dct 19 of 2006), read with sectiany 23(1), (2) and {3} of the said Act, [ hereby cortify thal:-

NATURE & BUSINESS ALLIANCE AFRICA (PTY) LTD
Cao, Reg, No.: 2003020335807
ROODEFOORT

Fadlity Accreditation Mumber: MHIO004

I5 & Southy African Natonal Accreditation System accredited Inspection Body to undertake
TYPE A inspection provided that all SANAS conditions and reguirements are complied with

This cerfificate is valid as per the scope as stated in the accompanying schedule of accreditation,
Annexure “A", bearing the above acoreditation number for

THE ASSESSMENT OF RISK ON MAJOR HAZARD INSTALLATIONS

Thee facllity is acoredited in accordance with the recognised International Standand
ISOVIEC 17020:1998

The accreditation demanstrates technica! competency for a defined scope and the operation of a
management system

While this certificate remalns valid, the Acoredited Fadility named above is authorised o use the
refevant SANAS acoreditation symbol to issue Tfacility reparts andfor certificabes

This cerificate does not, on e oan confar authory to act &8 an Aparoved nspaction Authority as contemplated in the
Major Hazard Installation Regulations. Appeoval to imruﬁirl the regutatary domain is granted by the Depariment
a ;
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SCHEDULE OF ACCREDITATION

Facility Number; MHIJ004

TYFE A
Permanent Address: Postal Addrass:
Beabure & Business Alliance Aldea (Fly) Lid PO B &5
Ma. 13 Sedona Complex Wiesigerhe
Flora Faames Sireat 1734
Amarosa
1725
Tal: (011 BHE-2132 Issue Mo,; 08
Faxc QA6 502 4381 Clate of gaiie: DB August 2013
Call! B3 225 445 Expiry datec OF Auguest 2017
Eamaik  adminginathus-alance co s
Mr & MNigmand Mir & Migmand Mir & Nigsmand
I:
g A Dusf
Fiald of Inepaction Sarvice Rendarad Codas and Regulations
Ragulatory; ’ 5
The supply of servicas s an inspecticn | 1) Explosiva chamicals bHI regulation par, 8 {5) (b}

subhaiity  for  Major  Hazard  Risk
Installstion as dafined in the Mar
Hazard Risk Inatallslion Reguialions,
Gaovernmeni Mofice Mo, R 682 of 30
July 2004

2 Geses
iy Fammshle Gases
Mon-flammabéa, non-tomc
guses (anphyxisnis)
i¥) Toxicgases

3) Flarmmabia liguids

&) Flammabla salidz, substances Babie
fo  sponfaneous  combusdon,
substances thal on contact with
water refease flammable gases

B} Ciiizing substances and organic
pedaxides

B} Toxic liquids and solids

[l Fregquency/Frobabity Analvais

i) Consaguance Modeling

fil} Hazard |dentification and Analysis
iv) Emargancy planning reviaws
Gaideines  for  Chemical  Process

Cantitative Risk Analysis of tha Canire
far Chemical Procsss Salely [COPS),

American  Instilule of  Chamical
Engimeers

Pl Lacalions al Fikadous
Bimospharas (ALOHA]  Compuoder

Programme  developed by e LS
Envircnmenial  Protection  Agency
[EFA), US Maliosal Oocsanic and
Atmoesphedc  Admirsirabon  {MOAAY
us Chemical Emuargamsy
Preparedness and  Prowantion  Office
{CEPPO) and US Hazardsus Melerials
Rasporss Division {HMRE D)

Origmnal date of accracditation: 03 August 2005

ISSUED BY THE SOUTH AFRICAN MATIO

Fi anager

Page 1of1

ACCREDNTATION SYSTEM
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Republic of South Africa

Department of Labour

Certificate
This is to certify that
NATURE & BUSINESS ALLIANCE AFRICA (PTY) LTD

Has been approved as an
APPROVED INSPECTION AUTHORITY
Type A; Explosive chemicals, Gases, Flammable Gases, Non-Flammable,

Non toxic gases (asphyxiants), Toxic gases, Flammable liquids,

Flammable solids, Substances liable to spontaneous combustion,

Substances that on contact with water release flammable Zasses,
Oxidizing substances and organic peroxides, Toxic liguids and Solids.
In terms of the Occupational Health and Safety Act, 1993, read with the
Major Hazard Installation Regulations 5(5) (a) regarding risk assessments

%

|
ki Inspetior

L e

Valid From: 19 Augusi 2013 Expires: 07 August 2017
MHI niHi2

Certificate Number
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THE SOUTH AFRICAN COUNCIL
FOR
NATURAL SCIENTIFIC PROFESSIONS

herewith cartifies that

Alfonso Niemand

Ragistrabion number
2000 2E/Da

has been registered as a

Certificated Natural Scientist

in terms of section 20[3)(c) of the Natural Scientific Professions Act, 2003
fAct Z7 of 2003)
in the ollowing field{s) of practice
(Schedule I of the Act)

Environmental Science

Prasident
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Raw Data:

Mr. Bill Eloff - 0824489767 / 071 603 8053.

Site co-ordinates: 32° 58' 00" S; 18° 04' 46" E.

Six diesel storage tanks, 5 400 m3 each
Natural gas pipeline at 2 890 tons per day

Alfonso Niemand
Nature & Business Alliance Africa (Pty) Ltd
Cell 083 225 4426
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