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OCCUPATIONAL HEALTH & SAFETY ASSESSMENT DATE 9E°PTEMBER 2015

SUBJECT MAJOR HAZARD INSTALLATION - RISK ASSESSMENTCANELANDS EAST, UMDLOTI

ESTATE, D757, MORELANDS ROAD

1

INTRODUCTION

OCCUTECH was commissioned by Tongaat Hulett Devalemts to perform a risk assessment
to determine risk presented for a proposed devetopalongside Portion 2026 of Cottonfields
1575, Canelands East Umdloti Estate, D757, MoralaRdad, eThekwini Municipality,
KwaZulu Natal and its potential impact (risk).

The Sasol Gas Pipeline transports Sasol gas wheimixture containing methane (88.6% by
volume) at pressure (59 Bar) through this site.is Tipeline is in a servitude and passes
through the site of interest. The location ofpieline is shown in the Appendices. Sasol has
a number of preventative actions and/or measuregdoce potential incidents these are
discussed in the document. A release could result

- toxic gas release. This could cause asphyxiatio® to reduction of Oxygen in
atmosphere.

- gas fire - jet fire

- explosion - vapour cloud explosion (VCE)

The potential of a release of gas from the pipabrmonsidered to be small.

The property owner wishes to develop the site. prbposed development is unknown. South
Africa unlike many other countries does not haggslation which stated what risk levels are
acceptable (tolerable). The Major Hazard InstallaRegulations does include pipelines, but
this is limited. This Sasol gas pipeline has re#rbdeclared a MHI by Sasol.

The current MHI Regulations does not specificailgtude pipelines. The General Regulations
lists chemicals and volumes which determine thay tire a compulsory MHI. Methane is
listed and a volume of 15 tons is prescribed. vidieme in the pipeline on this site is less than
this amount under normal operating conditions. réfuge this pipeline is not an automatic
MHI. This risk assessments purpose was to evasuatarst case risk and determine if that can
determine if the pipeline is an MHI.

This risk assessment evaluated the worst caserscana alternative case scenario’s. These
could identify the risk should a leak occur, andevéhthis risk could occur. This site is at
present agricultural land and no buildings or pesdove on this land.

The Major Hazardous Installations Regulations fraroader the Occupational Health and
Safety Act 1993 (Act 85 of 1993) requires managdmendentify if their processes or
activities can constitute or cause a major hazardwaident. If it can, then a risk assessment
must be performed to determine the possible corsegs so that appropriate preventive
measures can be implemented.
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Major Hazard Potential Release of Toxic Cloud

Worst case presents the greatest risk
Ignition of gas cloud - jet fire
- explosion (vapour cloud explosion)

2 PURPOSE
2.1  To determine the hazard and the risk presdntélde Sasol gas pipeline
2.2  To enable management to comply with the legglirements framed under the Major Hazard
Installation Regulations.
2.3  To enable a management plan to be establistoedidsan incident occur.
2.4  To determine the magnitude of such an inci@eatst case).
2.5 To determine the possible magnitude of incidemth will present a problem (alternative
case). The more likely consequence(s) if an imtidecurred.
3 OBJECTIVES
3.1  To identify any specific risks.
3.2  To determine the probability and nature of ssgae incident.
3.3 To determine mitigation measures to preventjmise or contain the effect of such an event.
3.4  To enable emergency and crisis managementgmsgio be developed.
4 METHODOLOGY
The basic methods were to:
- To use the legislation to determine if the ga®lme is a Major Hazard Installation on
this site.
- To determine the worst case scenario for the gadipe and the potential area of
concern.
- Both of the above, would identify the need for gegformance of a risk assessment.
Its purpose would be to determine what circumstsymanditions could cause or have
potential to cause a major incident, accident saster and how these circumstances/
conditions can reduce this potential.
- Determine the individual and societal risk potahitiased on the worst case scenario.
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4.1 Terminology and definitions

4.1.1 Emergency Plan
Emergency Planmeans a written plan which, on the basis of idiedtipotential incident at
the installation, together with their consequendescribes how such incidents and their
consequences should be handled on site and gff site

4.1.2 Installation
Installation also includes pipelines and containers on the mesiut excludes containers in
transit on a public road;

4.1.3 _Local emergency service
Local emergency servicemeans a service as defined in section 1(1) ofFihe Brigade
Services Act, 1987 (Act No. 99 of 1987): Providedt where no fire brigade service is
available or capable of handling or controlling ajon incident the employer, self-employed
person or user shall be deemed to be the localgemey service;

4.1.4 Major hazard installation
Major hazard installation means an installation where any substance is pealjpcocessed,
used, handled or stored in such a form and quathigtlyit has the potential to cause a major
incident;

4.1.5 _Major incident
Major incident means an occurrence of catastrophic proportiossjtneg from the use of
plant and machinery, or from activities at a wodqd;

4.1.6 _Material safety data sheet
Material safety data sheetmeans a material safety data sheet as contemphatedulation
7 of the General Administrative Regulation;

4.1.7 Near miss
Near missmeans any sudden event involving one or more Hamarsubstances which, but for
mitigating effects, actions or systems, could hesealated to a major incident;

4.1.8 Off site emergency plan
Off site emergency plammeans the emergency plan to be followed outsigletbmises of the
installation or part of the installation classifiagl a major hazard installation;
On site emergency plaimeans the emergency plan to be followed insid@temises of the
installation or part of the installation classifiasla major hazard installation. This plant must
include those requirements listed in Section GhefMajor Hazard Installation Regulations;
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4.1.9 Risk assessment
Risk assessmentmeans a process of collecting, organising, analysinterpreting,
communicating and implementing information in ord@rdentify the probable frequency,
magnitude and nature of any major incident whichld@ccur at a major hazard installation
and the measures needed to be taken to removeeredwwontrol potential causes, of such
incident. This definition also incorporates thepsions of Section 5 of the Major Hazardous
Installation Regulations;

4.1.10 Rolling stock
Rolling stock means any locomotive, coach, railway carriage, kirmeagon or similar

contrivance used for the purpose of transportimggres, goods or any other thing, that can run
on a railway;

4.1.11 Temporary installations
Temporary installation means an installation that can travel independéetiyveen planned
points of departure and arrival for purposes afgporting any substance and which is only
deemed to be an installation at the points of depaand arrival respectively and that will
remain at anyone place for a maximum of 30 days$sivtontaining the substance that resulted
in it being declared a major hazard installatiorg a

4.1.12 Transit
Transit includes any time or place in which rolling stoclyrbe between planned points of
departure and arrival.

4.1.13 Toxic Endpoint

A toxic endpoint defines the outer boundary of a concentrationidensd hazardous to the
community. For accidents involving toxic chemicdhe distance is based on the ability of a
victim to escape the area. Most people can besexpto an endpoint concentration for one
hour without suffering irreversible health effegtother symptoms that would make it difficult
to escape. People within the distance to an ent@oe likely to be exposed to higher
concentrations and greater hazards. Individuabgseg to higher concentrations for an
extended period may be seriously injured.
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4.2 Method

Endpoint ppm = Endpoint mg/l x 1000 x 245
Molecular weight

Unmitigated Release of Toxic Gas

QR=0S
10

QR =release rate (g per minute)
QS = quantity released (g)

Release of toxic gas in enclosed space

QR = QSx 0.55
10

0.55 = Mitigation factor

The risk assessment was performed in accordanber@dbgnised principles. This included
site visits, site inspection, collection of datanfr those involved and also included literature
studies, site inspections, site interviews, reseant other documentation. The consequences
were calculated from worse case and alternative(spscenario conditions using ALOHA.
The worst case and alternative case scenariosdegzenined to be a gas leak which ignites.
The released gas could also present a health Tisk.gas cloud plume was calculated using
ALOHA, a computer-based program for chemical sgéaand emergency planning. RMP -
COMP ALOHA and AFTOX are recognised models for deiaing the consequence of a
worst case and alternative case(s) scenarios.

5 THE SITE AND PREMISES

51 Location

The site is located in Canelands East. Itis Bor2026 of Cottonlands 1575. This site is flat
and is to be developed into a Shopping Complexd&ahBay Shopping Complex. The site
is portion of Umdloti Estate, Canelands, eThekwninicipality (Co ordinates 29.37.17.55 S
and 31.03.45.78E. The aerial photograph idents#fyatation. The Sasol gas pipeline passes
through this site and at one location a pressutaciag pump station is located. This is
illustrated in Appendix 4.
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5.2  Physical description of site
The current use is agricultural and the owner v@stee develop the site. This land is
predominately flat.

The Sasol pipeline is underground and passes thithiggsite. The owner of this site identified
the risk associated with pipeline but wishes toellgy the site.

The Sasol gas pipeline has an open servitude atbermipeline and passes through this site.
Sasol also has a station on this site. The gadipgpwas originally laid in 1969 for transport
of oil. In 1995 the pipeline was converted to a ggeline. The gas is supplied by Sasol from
Secunda.

5.3 Proposed Development Descriptions
Tongaat Hulett the land owner wishes to develogsitee The end user is unknown.

5.4  Mitigation Factors

5.4.1 Sasol has a maintenance system and regulgkscbkthis system occurs.

5.4.2 The installation of isolation block valvekay locations along the length of the pipeline eout

5.4.3 Anti cracking/fracture protection has beenaihsd at key locations.

5.4.4 Servitude surveillance is undertaken by deéeic&upervisors and the pipeline route is also
inspected by helicopter to detect and contfbparty activity on the pipeline route.

5.4.5 Additional route markers have been instaltetithe actual position of the pipeline has recently
been verified using GIS.

5.4.6 Cathodic Protection (CP) is rigorously apple&@dmanaged to ensure pipeline integrity by
eliminating the possibility of galvanic corrosion the pipeline.

5.4.7 Pressure monitoring is carried out alongehgth of the pipeline route with the pressuresgein
indicated in the Sasol Control Room which is manaedind the clock.

5.4.8 Intelligent pigging was carried out on theghipe when it is on liquid service and the line is
currently undergoing a further round of intelliggngging to locate defects which will be
repaired. The current intelligent pigging exerctse this pipeline if approximately 66%
completed.
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5.4.9 All employees are trained in all aspects idiclg emergency procedures. Some employees
have been trained in first aid and some in firétiigg.

5.4.10 An emergency plan is available but doesmadtide a Crisis Management should the tanks and
filling process be damaged severely. This candoleato the existing plan, and is one of the

recommendations.

6 THE HAZARD

Methane gas can present a serious health riskpggmeental and/or fire if unprotected exposure
occurs. The primary hazard is the release of i@ gas cloud into the outside atmosphere and
the basic hazardous information for Methane is iolexy in Appendix 5 and some of its

properties are listed below. Methane acts a simgdyxiant when inhaled. Its presence in
air displaces the air, which lowers the partiaptee of Oxygen and cause hypoxia in those

who breathe it in.
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Methane

Molecular weight:

Liquid Factor Boiling (LAB):
Density Factor (DF) Boiling:
Gas Factor (GF):

Vapour Pressure at:
Vapour Density (Air = 1):

Immediately dangerous to life
or health (IDLH):

Occupational Exposure Limit
OEL-RL TWA
STEL

Odour :

Ambient Boiling Point
Freezing Point

Odour Threshold:
Flash Point:

Lower Explosive Limit:
Upper Explosive Limit:

Auto ignition:

16.04 -17.2

258574 mm Hg at 100.0°F: 76(Hyrat -258.7°F

0.55-0.59

No specifications

No exposure limit in South Africa,
USA ACGIH 1000 ppm
Aliphatic hydrocarbon gases Alkane (C1 - C4)

Colourless, odourless
Mercaptans can be added to provide odour
-161.5°C
-182.5°C
Not available (according to SasS8ID\)
-223°C (369°F)
5.0% (50 000 ppm)
15.0% (150 000 ppm)

537°C (999°F)
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Emergency Response Guidelines

PAC-1: 2 900 ppm
PAC-2: 2 900 ppm
PAC-3: 17 000 ppm

The PAC levels replaced the TEEL levels in 2012ACR Protective Action Criteria for
chemicals is a hierarchy based system of the ttoeemon public exposure guideline systems
AEGL, ERPG’s and TEEL'S.

PAC-1is the airborne concentration (expresseguaparts per million] or mg/m3 [milligrams
per cubic meter]) of a substance above which prexdicted that the general population,
including susceptible individuals, could experiemcgable discomfort, irritation, or certain
asymptomatic, non-sensory effects. However, thffeets are not disabling and are transient
and reversible upon cessation of exposure.

PAC-2 is the airborne concentration (expressegasg mg/m3) of a substance above which
it is predicted that the general population, inglgdsusceptible individuals, could experience
irreversible or other serious, long-lasting, adeehngalth effects or an impaired ability to
escape.

PAC-3 is the airborne concentration (expressegasqr mg/m3) of a substance above which
it is predicted that the general population, inalgdsusceptible individuals, could experience
life-threatening adverse health effects or death.

This level identifies the level is in the flammalésge (10 - 49% of LEL).

TEEL-1: 3 000 mg/ms3
TEEL-2: 5 000 mg/m3
TEEL-3: 200 000 mg/m3

TEEL-O0 is the threshold concentration below whicbstpeople will experience no adverse
health effects.

TEEL-1 is the airborne concentration (expressedo@® [parts per million] or mg/ms3
[milligrams per cubic meter]) of a substance abwach it is predicted that the general
population, including susceptible individuals, abakperience notable discomfort, irritation,
or certain asymptomatic, non-sensory effects. Heweahese effects are not disabling and are
transient and reversible upon cessation of exposure
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TEEL-2 is the airborne concentration (expressqapasor mg/ms3) of a substance above which
it is predicted that the general population, idatg susceptible individuals, could experience
irreversible or other serious, long-lasting, adeehealth effects or an impaired ability to
escape.

TEEL-3 is the airborne concentration (expressqapasor mg/m3) of a substance above which
it is predicted that the general population, ingligdsusceptible individuals, could experience
life-threatening adverse health effects or death.

TEELSs are intended for use until AEGLs or ERPGsaalepted for chemicals. Methane has
no AEGL and no ERPG levels.

7 RISK ASSESSMENT
The Major Hazard Installation Regulations framedeanthe Occupational Health and Safety
Act 1993 (Act 85 of 1993), requires the employep&rform certain tasks. These are listed
below:

7.1  Anemployer shall carry out a risk assessmientervals not exceeding five years and submit
such risk assessment to the chief inspector, netéoeal government and provincial direction.

7.2  The employer shall make available on the presnécopy of the latest risk assessment for
inspection by an inspector.

7.3  An employer shall in the case of an existirgjahation, carry out a risk assessment within 60
days, of promulgation of these regulations. (3¢ 20001)

7.4 An employer shall ensure that the risk assessasecontemplated in sub regulation (1), shall:

7.4.1 Be carried out by an Approval Inspection Auifyovhich is competent to express an opinion
as to the risks associated with the major hazatdliation; and

7.4.2 Atleast include:

7.4.3 A general process description of the majoafthinstallation;

7.4.4 A description of the major incidents assodateth this type of installation and the
consequences of such incidents, which shall inchadential incidents;

7.4.5 An estimation of the probability of a majocistent;
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7.4.6 A copy of the on site emergency plan;

7.4.7 An estimation of the total result in the cakan explosion;

7.4.8 An estimation of the effects of thermal radiain the case of fire;

7.4.9 Inthe case of toxic release, an estimatiaoatentration effects of such release;

7.4.10 The potential effect of a major incident a¢ onajor hazard installation or part thereof on an
adjacent major hazard installation or part thereof;

7.4.11 The potential effect of a major incident ag ather installation, members of the public, which
includes all persons outside the premises of themmazard installation and on residential
areas;

7.4.12 Meteorological tendencies;

7.4.13 The suitability of existing emergency proaegufor the risks identified;

7.4.14 Anyrequirements as laid down in terms otheironmental Conservation Act, 1989 (Act No.
73 of 1989); and

7.4.15 Any organisational measures that may be redui

7.5  An employer, and user shall ensure that theassessment reviewed forthwith if:

7.5.1 There is reason to suspect that the precedsgssment is no longer valid;

7.5.2 There has been a change in the process ingasubstance resulting in the installation being
classified a major hazard installation or in thehmnds, equipment or procedures in the use,
handling or processing of that substance; or

7.5.3 After an incident that has brought the emergg@han into operation or after near miss.

This update risk assessment must be submittedet@thef Inspector within and to Local
government and provincial direction with 60 days.

8 ANALYSIS

The worst case analysis for the Methane releaseperdsrmed. This was performed using
USA EPA ALOHA. Methane releases can present orikeofollowing:
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9.1

- a toxic risk.
- fire risk

The requirements for Major Hazardous Risk Assesssraee that, a worst case scenario must
be determined. All controls and systems used asijded to prevent or mitigate against such
a release can be considered if these fall int@ttiee control category. All passive controls
can be noted but cannot be used to mitigate tke Tike toxic endpoint for the release of all
methane gas was determined. This identified HeatMorst case consequence varies according
to the different models and how the loss occurSAEPA ALOHA identifies three types of
worst case scenarios

- toxic
- flammable and/or (vapour cloud)
- explosive risk

The toxic risk was identified as the primary risk.

CONSEQUENCE ANALYSIS

To assess the potential risk, the existing pipehith its existing mitigational measures were
assessed. The potential worst case and othersesleaere determined. The area of
development is illustrated in the Appendix 4.

The actual development of this site is unknowis likely to be industrial or commercial. In
order for the development of the land to be graafgaroval the owners Tongaat Hulett must
submit an Environmental Assessment (EIA). PattisfEIA is to evaluate the potential safety
and health risks with respect to major hazard liagi@ns in the vicinity of the proposed
development. As a result of the gas pipeline tising this site and MHI Risk Assessment is
required. This will enable appropriate Town Plaigniecisions to be made.

The worst case consequence for a variety of usasscansidered and their suitability.

Major Incidents

No previous spillages or releases of Methane friois ppipe have occurred in this area. A
significant release of Methane gas would resu#t toxic vapour cloud being generated and
released. This could be flammable and could igniteis cloud depending on wind direction
could affect all those employees on site if unprtate, and under worse case conditions would
spread for a distance of at least 190 m. Thiswid®ut mitigational measures.
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9.2

9.2.1

9.2.2

9.3

9.3.1

Potential incident(s)

Existing pipeline

Release of toxic cloud (Methane) without igniti@amd/or a gas release which ignites. Two
potential ignition scenarios exist - jet fire andvapour cloud explosion. The greatest risk to
people around a pipeline which has ignited is ttpgosure to thermal radiation.

Pipeline with existing mitigation measures

The pipeline is underground and is in a servitultee pipeline servitude is annually monitored
on foot using gas detectors. During this inspediie foliage cover/growth is also monitored.
Dead patches indicate gas leaks. In additionisaribpection, overhead helicopter inspections
occur. This is performed once a month in ruralseea twice a month in urban areas. Pigging
also occurs 6 monthly.

The consequences of such incidents

Worst Case

The consequence’s analysis for methane level, umdest - case conditions without
mitigational measures implemented would be:

9.3.1.1 Existing Pipeline

The Sasol gas pipeline is a carbon steel pipe 5%h2n diameter and has a wall thickness of
9.53 mm. The pipeline is underground. This depties butis usually £ 1.5 m. The operating
pressure is £ 50.7 bar well below the design lohit00 bar.

A full bore rupture of the 47.5 cm pipeline wilbtdt in gas escaping and this gas would present
arisk around the release point. According to Batsauld a release occur it would take at least
one hour to stop the release. To stop a releasmamual valves will be closed. The principal
areas around the pipe are:

- agricultural land usually under sugar cane

- the R102

- access road to Chem Spec

- access road to Umgeni Hazelmere Water Works
- King Shaka airport

- iDube IDC
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A full bore release will release 84 200 kg/minuten@thane. In one hour it was calculated that
1.289 920 kg of methane would have been releasgad@ud ignite. This would present a
significant risk to those exposed.

The gas could present a health risk to those exipoRee gas is mostly Methane (82.5 - 94.0%)
and therefore presents an asphyxiant hazard aailvee. The extent of the full bore gas
release was calculated. These are provided itathe below and in Appendix 6.

Table 1: Area of concern - Full bore release

Consequence Climatic conditions Area of concern (m)

Full bore release Stability Class F 190 m (1% fatality)
Relative humidity 50% 170 m (2° degree burns 60 sec)
Wind speed 1.5m/s

This gas once released can ignite. Two poterteaia&ios can occur.

- A jet fire
- or a vapour cloud explosion

Table 2: Jet Fire Radi

Radiation level (kw/m2) Area of concern (1.5 m/s F) atdfity
4.0 190 m 1%
12.5 106 m 10%
375 54 m 99%

Table 3: Jet Fire Radi - HSE Requirements

kw/mz2 Zone Area of concern (m)
8.3 Outer 132 m
13.9 Middle 100 m
21.6 Inner 78 m
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A vapour cloud explosion will effect an area of:

Table 4: Vapour Cloud Explosion

Vapour Cloud Explosion

Overpressure level of concern Distance from Rel@aseat (Area of Concern)

0.07 Bar HSE Outer Zone 15m/sF This level was roteded
0.14 Bar HSE Middle Zone

0.6 Bar HSE Inner Zone

9.3.1.2 Pipeline with existing mitigational measures
The client must liaise with Sasol and thereaftey mglement mitigational measures.
- Enclosure of the pipeline
Covering the pipeline with soil greater than 1.22vith provide a reduction factor of

between 0.2 to 0.7.

- The pipeline was designed to transport oil at ghér pressure. The methane gas
pipeline operates at 59 Bar (754.6196 psia).

- The pipeline thickness (10.31 mm) this will algopde a reduction factor of at least
0.2.

- The developer will ensure that all windows/glaziagng the pipeline will be provided
with shatterprufe/safety glass.

- The developer will ensure that all ventilationtsyss (air conditioners) will be located
away from the pipeline.

- The developer and user will ensure that escapesdrom within the building will be
away from the pipeline.

Using the above the risk will be reduced to HSEeD@bne (1 x 10) on this site. HSE Inner
Zone (1 x 10 fatalities per year) does not exist for Sasol Bigeline. HSE Middle Zone (1
x 10° fatalities per year) will impact on this site.

The proposed mitigation measures will:
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9.3.2

9.4

9.4.1

9.4.2

- Contain and prevent a gas release
- Allow for evacuation
- Reduce the risk of fire and prevent a vapour clexgplosion on this site

Alternative Case Scenario

The worst case scenario is used to determine tgeitnde of the worst type of incident. These
have a low probability and alternative (more liRedgenarios are determined to identify areas
of concern and also the potential type of emerganand this enables appropriate emergency
plans to be drawn up and implemented. The additioontrols envisaged will either prevent
and contain a gas release or resist the effedtseaihal radiation on persons in the risk zone
(thermal radiation without mitigation). The ownex@loper will need to liaise with Sasol to
determine the best solution.

Consequence
To perform the risk assessment data relating telipips, failure rates, terrain, meterological

data, proposed developments and the surroundingtiastincluding those potentially at risk
to be considered.

Pipeline data

Sasol has severe pipelines covering South Affidee pipeline which passes through this site
was installed some years ago (1995). It was dedigm American Standards (ASME B31.4)
and to transport crude oil at a high pressure.

This product change resulted in an upgrade, angdigigdine complied to the ASME 31.8.
Sasol is a recognised expert in management of coasdry pipelines. This pipeline transports
Sasol gas (88.6% Methane) from the Sasol Planutbdh. The pipeline is 47.5 cm diameter.
On this site the pipeline is between 1.5 and 2l@efow the ground surface.

Methane is primarily a flammable risk.

Failure rate data

Failure rate data used is based on historical &eges of incidents/accidents to pipeline world
wide. The Dutch and HSE data is primarily used.

Table 5 provides summary of historical pipelinéuia data from some of the best sources of
data for onshore pipeline systems. All these smupcovide raw data on failure incidents and
pipeline length and an analysis of the failure eaus The most relevant and up to date
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databases available are those of:

CONCAWE,

European Gas Pipeline Incident Data Group (EGIG),
US Department of Transportation (US DoT).

Table 5: Comparison of Various International Pipelire Failure Data
Source Period Overall (i.e. unmodified) Failure
Frequency (per km.year)
CONCAWE 1971 - 2010 3.5 E-4*
1981 - 2010 2.8 E-4*
1991 - 2010 2.4 E-4*
2001 - 2010 2.2 E-4*
EGIG 1970 - 2010 35E4
1981 - 2010 29E-4
1991 - 2010 20E-4
2001 - 2010 1.7 E4
US DoT, Liquids 1988 - 2001 4.9 E-4
2002 - 2011 45 E-4
US DoT, Natural Gas 1988 - 2001 7.2 E-5
2002 - 2011 11E4

* These frequencies have been filtered to inclimseé only from the cross country sections

The CONCAWE database applies to crude oil and [gino pipelines that are located in
Western Europe, although since 2001, pipelines fxamamber of Eastern European countries
have also been included in the database. Datdlested for the pipeline network every year.
A number of figures are provided in Table 1 thabwgtthat the general trend of pipeline

incidents is decreasing.

EGIG has compiled data collected by a group of &fongas transmission operators in

Western Europe over the period 1970 to 2015. uFailates for the whole of this period are
provided in Table 5, but again more recent datavghat the performance of gas pipelines has

generally improved.
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In particular for gas pipelines, serious impaanisst likely if there is a bore rupture; this is
generally ‘unzipping of the pipeline’ such that@mplete section is lost and gas is released
from both ends, initially at a very high releaseeralf the failure mode is accompanied by
ignition, or if ignition occurs during the earlypaf a release, then a catastrophic fire may
ensue. (If ignition is delayed, there may still denajor fire, although much of the early
inventory will be lost as the pipeline rapidly depsurises).

Generic or industry standard failure probabilities valves, pumps, etc are based on
appropriate operation under an industry standaidter@ance regime, which may be different
from that prevailing at a site. Use of such datask calculations in a safety report should
therefore be justified.

9.4.3 _Consequence analysis
Consequence analysis was performed using the bleailata and the results(s) was determined
to identify potential risk areas and the solutiarieere feasible. The potential consequences
were identified, this includes:
- Toxic releases
- Jet fires
- Flash fires
- Vapour Cloud Explosions (VCE)
To determine these the terrain, meterological datachemical and the circumstances of the
release, mitigational measures and health datacsssary and included in the evaluation.
The HSE recommends four failure sizes to considéese were:
- 25 mm release
- 40 mm release (50% of the failure frequency)
- 110 mm release (50% of the failure frequency)
- total pipe failure (same frequency as a rupture)
The above were modelled using two weather condition
- Inversion with a wind speed of 1.5 m/s
- Neutral with a wind speed of 5 m/s
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Table 6: Potential pipeline releases and % fatdles within the release zones

No Hazardous Event Consequence Exposure Maximum distaacfrom
source m
1% 10% 99%
1 High pressure gas pipeling Toxic effect Concentration
release .
Explosion Overpressure 13 10 10
Hole size 25 mm Jet Fire (F1.5) Thermal radiation 13 10 10
Jet Fire (D5) Thermal radiatiop 13 10 10
2 High pressure gas pipeling Toxic effect Concentration
release .
Explosion Overpressure
Hole size 40 mm Jet Fire (F1.5) Thermal radiation 16 10 10
Jet Fire (D5) Thermal radiatiof 16 10 10
3 High pressure gas pipeling Toxic effect Concentration
release .
Explosion Overpressure
Hole size 110 mm Jet Fire (F1.5) Thermal radiation 28 16 10
Jet Fire (D5) Thermal radiatioph 28 16 10
4 High pressure gas pipeling Toxic effect Concentration
release .
Explosion Overpressure
Rupture (worst case) Jet Fire (F1.5) Thermal radiation 146 79 36
Jet Fire (D5) Thermal radiatiop 150 83 37
The above indicates the potential risk for persomise open. It does not include the likelihood
of the event happening. The severity of thesectsffis shown in the aerial photographs.
9.5 Climatic Conditions

The climatic conditions were obtained from the WeatBureau, Durban, Department of
Environmental Affairs and Windfinder. These chauts provided in Appendix 7.

The prevailing winds are north east and south west.

The temperatures fluctuate and can be as high°@s @btemperature.
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9.6

9.6.1

9.6.2

The worst case conditions would be during inversiih little to no wind.
This type of condition can occur. Its greatestvplence would be in winter and in early
morning.

Cost associated with such a Incident (Estimiaiesi

For the purpose of this assessment, the worstscas®rio is assumed.
Replacement, repair of installation

Indirect costs/losses

9.6.2.1 Evacuation of the site

9.6.2.2 Loss of use of site

9.6.2.3 Insurance costs

9.6.2.4 Litigation costs

9.6.2.5 Hospital and other medical costs

10

10.1

10.2

RISK DETERMINATION
Identification of risk (threat)

The first phase of a risk assessment is to identtigre materials, equipment, activities,
processes, operations have the potential to do.h@ha pipeline, the existing controls and the
potential proposed land usage needs to be condidefke risks were identified for the
proposed development and the existing pipelinee [@jout of the proposed development is
provided in Appendix 4. The total number of pesson this site is unknown but it could
exceed 5000 at times.

The primary activities on these sites at this tame unknown. The activities /processes and
chemicals used/stored is unknown and the end usgr mave to conduct a MHI Risk
Assessment. The MSDS of the gas is provided ineAdpx 8.

Likelihood of Occurrence
When all threats (hazards) have been identifiezjkielihood of the hazard causing a risk must

be determined. The frequency of their occurresesiimated, usually from relevant historical
data.
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For process industries, the initial incident usuiVolves a loss of containment of some sort -
a leak (pipe, flange) or tank leak. For pipelingglease of gas (loss of containment) can also
occur. A variable number of potential failure medan arise. The failure modes of the hazard

are categorized, and all contributing componerdgsdentified.

Table 7

The pipeline failures have occurred, these aremmimon. This pipeline is also underground

Potential Failure Components

Hazardous Event

Pipeline failure
- full bore
- smaller aperture

Minor to major leak
- major release
- minor release

encased with soil. The pipeline design also addkd low risk and failures.

The UK and American pipeline data was used to detexr the frequency of a pipeline release.

The EGIG has collected data for many years on timegpy failure frequencies for pipelines.
The table below lists the pipeline failure frequesc

Table 8: Primary Frequency Failures

Period Interval Number of incidents Total system Primary failure
exposed (km-yr) frequency per
1000 km-yr

1970 - 2007 ¥ report 38 years 1173 3.15%0 0.372
1970 - 2010 8 report 41 years 1249 3.55%0 0.351
1971 - 2010 40 years 1222 3.5210 0.347
1981 - 2010 30 years 860 3.01810 0.286
1991 - 2010 20 years 460 2.25°10 0.204
2001 - 2010 10 years 207 1.24%10 0.167
2006 - 2010 5 years 106 0.654°10 0.162

The results indicate a reduction in the failuresat

The primary failure causes was also determinederBal interference remains the main cause

of incidents. The table 9 below lists the uses.
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Table 9: Causes of pipeline failure

Cause %

External interference 48.4

D

Construction defect/Material failur¢ 16.7

Corrosion 16.1
Ground movement 7.4

Hot tap made by error 4.8
Other and unknown 6.6

10.3 Consequence Assessment

Once the likelihood, and the potential source iliifa have been identified (or considered), the
possible consequences (outcomes) of each fail@® tocbe considered.

This is dependent upon many factors.

- the material released, its hazards

- the existence of operational mitigation measuaesofmatic or manual detection and
isolation)

- the potential for the event escalating (toxic askeigniting)

The Event Tree Analysis approach was used to deterthis. The event tree starts with a
hazardous event, which is one of the failure mdggse leaks). The branches with each
fragmentation represent an intermediate eventt{ggnof flammable material). To establish

the risk, each branch is assigned a probabilityh whe end of the tree representing the
probabilities’ distribution outcomes. This is 8lwated in Figure below.
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Figure 1:

No release Toxic
Incident No impact -No ignition Exposure

10.4

Event G Flame Jet —
as escapes 4-:|| nition [
Release 9 Forms

travels
downwads

Vapour Cloud
Ignites
Flashfire
occurs

Delayed Vapour
Ignition Cloud —‘

Vapour Cloud
Ignites
Explosion

The material in the pipeline is methane gas. Gasis colourless, odourless and is highly
flammable. It is an asphyxiant. The pipeline ey safety features. These are discussed
in detail in other sections of this report.

Research has identified that most pipeline releds@st ignite. Without ignition the toxic risk
is reduced and for more releases it primarily é¢ffdbe immediate surroundings - kills
plants/vegetation and could affect someone indhed.

Most of the consequences is when the gas ignE€3G identifies the ignition risk from a gas
leak to be 4.5 %. Ignition depends on the excesf random ignition sources. The EGIG
data identifies that a hole in the pipeline haglthw risk of ignition 2% whilst a rupture (worst
case) had a higher ignition potential (13%).

Ignition by lightning was identified to be a caudenore than 50% of the gas releases recorded
by EGIG between 1970 and 2010.

The EGIG data evaluated 1249 incidents with regardipelines. Only 7 cases resulted in
fatalities. Fatalitites to the public only occutii@ 2 cases (0.2% of the population). Incidents
caused by external interference and ground movemer® characterized by potential severe
consequences.

Frequency analysis

The gas pipeline was constructed to transport dtiedrand also to handle higher pipeline
pressures. The current pipeline failure rates waden from a variety of databases on pipeline
failures CONCAWE, European Gas Pipeline Incidentalaroup (EGIG), USA Department

of Transport (US DoT) reference books. These ratediscussed in this report. The table
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below is a total illustrates some of the poterfadure rates.

Table 10: Comparison of Various International Pigeline Failure Data

Source Period Overall (i.e. unmodified) Failure
Frequency (per km.year)
CONCAWE 1971 - 2010 3.5 E-4*
1981 - 2010 2.8 E-4*
1991 - 2010 2.4 E-4%
2001 - 2010 2.2 E-4*
EGIG 1970 - 2010 35E4
1981 - 2010 29E-4
1991 - 2010 2.0E-4
2001 - 2010 1.7 E-4
US DoT, Liquids 1988 - 2001 4.9 E-4
2002 - 2011 45 E-4
US DoT, Natural Gas 1988 - 2001 7.2 E-5
2002 - 2011 1.1E-4

* These frequencies have been filtered to inclimse only from the cross country sections
11 INDIVIDUAL RISK CALCULATION

Individual Risk is usually restricted to the s&@d only if the area of concern exceeds the site
boundaries and also if the person(s) are permanearttiat area (a building which is occupied)
will they be included in the risk. It is defined &rhe risk to a person in the vicinity of a
hazard”. This includes the nature of the injurythie individual, the likelihood of injury
occurring and the time period over which the injomght occur (CPPS 1989)

The potential areas of impact (concern) were catedlusing ALOHA.

The determination of the impact of an incident isggitwo steps. The first step estimates a
physical concentration of the material or energeath location (A toxic release and its
concentration or radiant heat from a fire). Thiease which ignites was identified as the

primary risk.
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The second step estimates the impact that thidentiaccident occurrence has on people, the
environment and/or property.

The individual risk in the impact zones is:

- Explosions. All persons within the impact zone latled (probability of fatality = 1.0),
all persons outside of this zone or beyond the enpane distance are unaffected
(probability of fatality = 0)

- Toxic emissions/releases. All persons withindhea of concern will die (probability
of fatality = 1.0) all persons outside of the acdaoncern (plume) no death occurs
(probability of fatality = 0).

- Thermal effects. All persons within exposed terthal radiation are at risk. Those
exposed to levels above 37.5 kWm2 of thermal wé| @vhilst those exposed to low
levels may be affected.

Individual risk is the probability that an individuat a particular location could be killed by an
incident (the worst case for Methane according®PRComp is a toxic vapour cloud release),
during a particular time period, usually a yean okder to carry out the calculation, the
following information should be available. RMP Cplists a lower leak, release than the total
volume stored as an alternative case scenario.

In assessing Major Hazardous Installations an estiiof the extent (ie. the hazard ranges and
widths) and the severity (ie. How many peopleadiected, including the number of fatalities)
of the consequences of each identified major antitlazard. For an evenly distributed
population, the number of fatalities resulting frartoxic release may be approximated by the
estimating the number of people inside the conaéotr contour leading to an LD50 dose (ie.
SLOD DTL). The approximation results from the amsption that those people inside the
SLOD contour who did not die (due to factors sushphysiology, fithess levels) will be
balanced by a similar number outside the SLOD aanidho do die again due to a variety of
factors (age, state of health).

Methane has no LD and is an asphyxiant. Its pymiak is flammability and the thermal
radiation released from the ignited gas. Metharteghly flammable.

In assessing the risk and those exposed, the propaf those exposed indoors must be
included. Those indoors will be provided a degré@rotection against the effects of the
release. The level of protection is related tordte at which air and toxic material enters the
building and maybe measured by air changes pet hour
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111

Risk Assessments must consider both the consequeeeerity) and the likelihood or
frequency of each major accident.

Frequency of incidents

Many techniques are available to estimating thgueacy of incidents. These include:

- fault tree analysis

- event tree analysis

- historical incident data

The frequency of a pipeline explosion is low 1 ¥ #0ent per year. The potential frequency
of a toxic release from a pipeline is also low, 8lightly higher than an explosion is 3 x°10

events per year. The probability of ignition afrfimable release from a pipeline is 4%.

The EGIG Report 2011 calculated the ignition proligito be 4.5% for the pipelines in
Europe. This report also provided data betweekdeme and possibility of ignition.

Table 11: Ignition probability

Size of leak Ignition probabilities %
Pin hole crack 4

Hole 2

Rupture 13

Ruptures which ignite can cause severe societahgamThe EGIG data also identified that
big pipelines are more likely to ignite than smiatlemeter pipelines. Large pipelines are also
likely to be at higher pressure.

Table 12: Larger pipelines ignition probability

Size of leak Ignition probability %
Rupture <16 inch 10
Rupture > 16 inch 33

The EGIG also considers lightning as a sourcerofign. Out of the 21 gas releases between
1970 and 2010 12 ignited due to lightning (57%).
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The historical incidents data for the Sasol gaslpips identifies no accidents or incidents over
the last five years. Data from other countriegsdctuded in the Appendix 9. This identifies a
number of incidents and fatalities which would fato this assessment.

Figure 2
FREQUENCY OF AIR GAS RELEASE
Explosion Frequency
Freguency 1x10per year
Flammable Toxic Gas Probability 0.33 Toxic Cloud\t@27 %)
Frequency = 3 x 1®Dper year No ignition Frequency
0.543x106 per year

(Toxic cloud)
Probability 0.67

Toxic cloud to SW (9 %) Frequency
0.18x10 per year

Toxic cloud to NW (15 %) Frequency
0.30x10per year

Toxic cloud in any Frequency
direction (49 %) 0.147x4per year

Note: The wind rose calculated from Durban WeatheeBu was used to calculate this.

In determining the risk, those conditions/factorgak can initiate the incident/accident must
be considered. These factors are provided in Téble
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Table 13:  Accident Initiators Requiring Consideration in ey Report
Off site Events Operator Error Abnormal Load Arson or Inadequate Loss of Service
Sabotage Management
Aircraft impact system opened impact by vehicle fire rrosion Loss of electricity
Seismic event filled when not impact by missile explosion erosion loss of cooling

closed

water

Subsidence

system overfilled

impact by dropp
load

bd/alve opened

vibration failure of
process control

loss of nitrogen

Extreme environmental | containment internal temperaturg safety system cyclic load loss of compresseg

conditions degraded or pressure outside| degraded air

- abnormal rain fall design limit inadequate

- abnormal snow fall materials or

- very low temperature specification

- high temperature

- flooding

- gale force winds

- lightning strike

Vehicle/train impact excess load external temp/ contamination inadequate loss of steam
pressure outside materials or

design limit specification
Land slip failure to respond | pressurisation control system | chemical attack
correctly to an alarm degraded
Explosion incorrect valve under pressure containment hidden defect in
action system degraded containment system
Fire failure to detect
dangerous situation
Missile failure of process

controls

Pipeline rupture

“All safety critical events and associated initiatos should be identified.” Safety critical
events are those that dominate the risk at diffedtestances from the plant. For pressurized
storage vessels, the event with the greatest haaage® is usually a fireball resulting from
immediate ignition of an instantaneous releasétmsphere of the whole contents. The safety
critical events for shorter distance are those wow the most frequently occurring and rise
to the particular hazard range.

The gas pipeline has a low potential of occurrehogyever, if a release occurs the risk will

vary. The following could occur - gas releaseis®t the source it can be a health risk, the gas
could ignite and present a significant safety risk.
The potential release and incident outcomes frdethane leak is illustrated below.
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Figure 3: Potential event sequences and incideatitcome for Methane release.

Pool Immediately Delayed
formation ignition ignition
Yes UVE
Yes Yes UVCE
No
No .
Toxic
dispersion
Release
Yes UVCE
No Yes UVCE
No
No Toxic dispersion

UVCE = Unconfined Vapour Cloud Explosion

11.2 _Severity
The number of potential fatalities and injuriesttbauld result from a Major accident is
determined by:
- number of people employed on site
- number of people in the surrounding area
This site is an agricultural land use area. Thealmer of persons on this site is low. No
permanent structures are on site and employeesren site to cultivate the land and during
cane cutting.
The surrounding land includes agricultural landl @wlustrial development, a water works and
a road.
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11.3

12

The industrial site at present has few employeesim Chem Spec has recently closed
operations. Dow Chemicals has = 100 employeesadpeer 24 hours. The Umgeni Water
Works has 30 - 40 employees also spread over 24 hou

The nearest residential properties to the soutlddmave + 500 persons.

The risk present should a gas leak occur was edbmll These are provided in the report and
on aerial photographs. These documents illusthetextent of the release of effect without
mitigation factors. To reduce the impact the gaelme on this site is encased. This will
reduce the frequency of a release significantlywaiticalso reduce the severity.

The potential severity of a gas leak will vary adiog to the number of persons on the site and
surroundings at te time of the release and ifrélaise ignites. Methane is flammable and this
presents the greatest risk.

At this time no end user has been identified.
Toxic Release

A toxic release will affect all those in the relegdume. Inside the release plume fatalities will
occur. For Methane the toxic risk is greateshatdource. For most toxic chemicals, a level
exists, which if exceeded, death will occur. Tlewel is the Immediately Dangerous to Life
and Health Level (IDLH). Methane does not havéldrH level. At the release source, this
limit will occur and it could spread in a pear-sedplume some distance from the release
point. For many substances a level beyond whielsafie has been determined. This is known
as the toxic end point. The toxic end point fos gaethane) 2900 ppm. The distance to this
toxic end point is calculated using one of a nundfeomputer modeling programs.

The behavior of the toxic release is dependent upamy factors. In determining the area of
concern and in this area any persons health andrif under threat. All (most) of these factors
are accounted for. These parameters are listedhle 8. These plumes are calculated using:

- ALOHA

IMPACT QUANTIFICATION

Event trees establish the size of potential rekeasd their probabilistic consequence scenarios.
The data identifies that most Methane releasedtsesua toxic release with little to no
potential for a fire or an explosion. A scenaronfi a flammable release that has an impact

includes:

- Flash Fires
- Vapour Cloud Explosions
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- Pool Fires
- Jet Fires
- Toxic release

Releases of toxic materials can have wide-rangimgacts as toxic clouds.

The severity of impact that can result from thesesequence scenarios can be quantified in
terms of;

Heat Radiation for Fireballs, Pool Fires and Jedd-

- Explosion Overpressure for Vapour Cloud Explosjons
- Flammable Concentrations for Flash Fires; and

- Toxic load or dose for Toxic clouds 1

For Methane these can occur, however, the toxid ies@onsidered the lowest risk and heat
radiation considered the highest.

In order to determine the extent of the impacthed tonsequence scenarios a model or
combination of methods required for each type ofseguence. The modeling of the impact
of accidental releases of hazardous material eixtessbject.

Probit Equations

To quantify the risk of fatality or injury followm a hazardous release, a dose response
relationship is required, equations are particuladeful for heat radiation or toxic releases,
where a sustained low level exposure equally a$ &atan instantaneous high level exposure.
Probit equations are usually written in the form:

Y = A + BIn(hazardous load)

The probit, Y is a random variable with a mean of&d a variance of 1 (for example, Y =5
corresponds to chance of fatality). Toxic loaddose are interchangeable terms for the
integrations over time of the concentration toxibstance, raised to a power termed the dose
exponent. The dose exponent has the effect ofjraegi doses to short exposures at high
concentrations than long exposures at lower coreoms.

Toxic load is expressed in terms of concentrationppm and/or mg/ms3) with respect to
time(s), while thermal radiation terms of intengiy/m2) and time (s)

toxic load = fC dt
thermal load= (t1°)/10*
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Heat Radiation

Explosion Overpressurd| Effect
1.2 kW/m2 Received from the sun at noon in summer.
2.1 kW/m2 Minimum to cause pain after 1 minute.
4.7 KW/m2 Will cause pain in 15 - 20 seconds andrinafter 30 seconds’ exposure.
12.6 kW/m2 Significant chance of fatality for exteddexposure.
* Thin steel with insulation on the side away frtime fire may reach thermal stress lev
high enough to cause structural failure.
23 kW/m2 * Likely fatality for extended exposuredachance of fatality for instantaneous exposufe.
* Spontaneous ignition of wood after long exposure
* Unprotected steel will reach thermal stress terafures which can cause failure.
35 kW/m2 * Cellulosic material will pilot ignite wiin one minute’s exposure.
* Significant chance of fatality for people exposestantaneously.

Table 14: Some Effects of Explosion Overpressur@fter HIPAP No 4:1992)

Explosion Overpressure

Explosion Overpressure

Effect

3.5 kPa (0.5 psi)

* 90% glass breakage.
* No fatality and very low probability of injury.

7 kPa (1 psi)

* Damage to internal partitions amidgry can be repaired.
* Probability of injury is 10 %. No fatality.

14 kPa (2 psi)

* House uninhabitable and badlyledc

21 kPa (3 psi)

* Reinforced structures distort.
* 20 % chance of fatality to a person in a buitdin

35 kPa (5 psi)

* 50 % chance of fatality for agmer in a building and 15 % chance of fatality for &
person in the open.

70 kPa (10 psi)

* Threshold for lung damage.
* 100 % chance of fatality for a person in a buitdor in the open.
* Complete demolition of house.

Table 15:

Some effects of Heat Radiation (after IRAP No 4:1992)

The greatest risk from pipeline releases identifiech previous incidents at other locations and
also according to US EPA Statistics (Appendix 9 i®xic gas release from Pipeline. The
sources of these leaks/releases were primary dytengt commissioning or during plant

maintenance, and the failure to isolate effectivedyg the main cause of the release.
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Research and the assessments of other plantsdrdasiédl that a number of other potential
risks can occur. These are listed below.

Table 16: Incident Outcomes for a gas releasedm Sasol Pipeline Identified by HAZOP

I Catastrophic failure/rupture of the pipeline.

Il Small liquid leakage from the pipe - 25 mm redea
i Small liquid leakage from the pipe - 40 mmease
v Small liquid leakage from the pipe - 100 mm ede

The risk assessment identified and evaluatedfaitrimation obtained. The elements assessed
are provided in Table 17: Major Accidents Scergrio

Table 17: Major Accident Scenarios - Pipeline

Site / Pipeline Comment

Completeness of Hazard Identification Full hazard identification not performed.

Pipeline failure Pipeline underground. This site is an agricultstd
Spill of liquid from pipeline and no employees on site.

Basic hazard identification performed (site inspeot
Adequate information

Included as a potential incident source.

Included as a potential incident source.

Comprehensiveness of accidents No leaks from this pipeline known.

Pipeline leak All aspects considered, greatest risk is releasesgde
flammable toxic risk

Catastrophic failure
UVCE

Rupture of pipeline
Puncture of pipeline
Leaks on pipeline

Jetflame Highest risk flammable.
Flashfire (fireball) Simple asphyxiant.
Toxic release increasing area of impact

In assessing the risk many factors need to be deresd or used. These include climatic
conditions, topography and surface coverage. Terahne uniformity the US EPA, HSE
(UK), Dutch and other European countries howeveyide a set of input valves. Table 18
lists these factors and the values which need &ppéed.
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Table 18: Effect of Input Parameters on PredictedAccident Consequences

Parameter Accident Type/ Acceptable Value Direction to
Phenomena Reduce Severity of
Consequences
Wind speed Passive dispersion 2 m/s F stability +
5 m/s D stability +
Vertical jet 10 - 15 m/s towards the target | +
and 5 m/s
Horizontal jet 0 - 5 m/s with and against the jgt  +
Ground roughness Dense gas and jet dispersion  Gubkiban environment) +
Averaging period Dispersion of gas cloud 600s plume +
10s puff +

Elevation of fireball

Pressure vessel rupture

I+

tougltire ground

cloud

Humidity Fireball and jet fire 60% or less +
Surface emissive powelrl  Fireball 270 kW/m2 +
Jet fire 200 kW/mz or 0.3 of heat of +
combustion
Pool fire 200 kW/mz over half of the flame +
height
Stored energy in Vapouy VCE 3.5x10 J/m3 +

Substrate

Vaporising pool

I+

substrate heat capacity (on

concrete or tarmac)

“The harm criteria or vulnerability models used to assess the impact of each MAH on
people and the environment should be appropriate ahhave been used correctly for each
relevant major accident.” HSE

Where the risk is an explosion or fire the safegyart should calculate thermal radiation and
explosion over pressure hazard ranges and casufaltiseveral levels. The undermentioned
should be for thermal radiation.

1

kw/m2 exposure for 1 minute.

Dangerous dose of thermal radiation for vulnergbleple (500 tdu); equivalent to 4.9

Dangerous dose of thermal radiation for averagenioees of society (1000 tdu);

equivalent to 8.2 kW/mz2 exposure for 1 minute.
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3 Significant likelihood of death (1800 tdu); equest to 12.8 kW/m?2 exposure for 1
minute.

For over pressure, the appropriate hazard rangessponds to:

4 Window breakage (40 mbar);

5 Houses uninhabitable but repairable (100 mbar);
6 Severely damaged houses (200 mbar);
7 Houses completely demolished (500 mbar).

Methane is considered primarily as a flammablethe@k. Methane is also toxic risk.

12.1 Impact Quantification at Sasol Gas Pipeline
The pipeline operates 24 hours per day, 365 daygeae and the pipeline has been located on
this site for more than 20 years. According toodbeescords no significant releases of gas have
occurred in the last 5 years.
The risk assessment obtained data and evaluateddta to determine the risk.

The factors listed in Table 13 were consideredevsduated. These are discussed below.

12.1.1 Off Site Events

Events which originate off site and can impactlondgite causing a significant event.

12.1.1.1 Aircraft impact

The nearest international airport (King Shaka imdéional Airport) is located less than
10 km from this site. The MHI risk criteria fordlusion of an aircraft impact also
required if the airport is within 16 km of thisesthis has further been reduced to 10 km.
Therefore the risk of impact from an aircraft wassidered.

12.1.1.2 Subsidence

This site is flat. This was not a significant fagthowever ground movement has been
established as one of the highest risk factors arelto cause a potential severe
consequence. Sasol has designed the pipelindioe¢his potential risk. Any work
by the developer on this site will comply with Sestandards. These are attached. At
present this is a low risk.
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Historically data from EGIG, USA DoT and others @entified this as a potential to
cause significant effects. Based on this a docuh@&EM/TD/2 was developed and
should be used.

Table 18: Failure Rate due to Landslide from Diférent Slope Types

Description Pipeline Rupture Rate

(per km-year)

Slope instability is negligible or unlikely to oagibut may be affected 0to 9 E-5
by slope movement on adjacent areas

Slope instability may have occurred in the pashay occur in future 1E-4t02.14E-4
- is present and may occur in the future

Slope instability is likely and site specific ass®ent is required >3 E-4

The potential for subsidence or landslide to ocswery low.

12.1.1.3 Extreme Environmental Conditions
Most conditions do not present a significant ridkis site can be flooded, steam is
located nearby. EGIG data identified that ligh¢nima potential threat. The EGIG data
of incidents identified 57% of the incidents witinition was from lightning as the
source. Lightning is one potential risk.

12.1.1.4 Vehicle Impact
The pipeline is underground. The developer will work in the Sasol gas pipeline
servitude. No vehicle can damage the pipeline.

12.1.1.5 Explosions
This can occur and is a potential risk. For thisd¢cur a gas leak would need to ignite
and then explode. Sabotage/arson can be a caligemitigational measures of the
pipeline being underground reduces this risk sigaitly.

12.1.1.6 _Fire
If a gas release occurs, it can ignite. The patkfar ignition will be dependent upon
the amount of gas released. Below its lower flatwimd&imit ignition is limited and
above the Upper Flammable limit it is also limiteéires occurring at a gas release at
a pipeline, based on statistical information/rafess is about 4% for the gas releases
igniting.
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12.1.1.7 Missiles
Limited risk.
12.1.1.8 Pipeline rupture

This can occur. The potential failure of the pipeonsidered in this report. EGIG
identifies that full bore (rupture) pipeline carcac. The EGIG and UK data indicates
no full bore ruptures has occurred from 1984 te dathis does not mean that such an
occurrence will not happen. Based on our 25 yefdsta the frequency of a full bore
rupture can be 1 x TQper year. Furthermore if the pipeline wall thieks was also
considered then the failure rate of materials ctwaldurther reduced to 5.8 x 1per
year.

EGIG does identify that a gas release from a |gpgeeline has a greater potential to
ignite.

Table 19: Ignition probability per size of leak

Size of leak Ignition Probability (%)
Pinhole - crack 4
Hole 2
Rupture 13

Table 20: Ignition probability for rupture to ign ite

Size of leak Ignition Probability (%)
Rupture <16 inches 10
Rupture >16 inches 33

Sasol has introduced mitigation measures to rettheéagsk. The risk appears to be low.

12.1.2 Operator Error

The pipeline is underground. No work on the pipelby the developer and/or the tenant or
new landlord or user will occur. The developerd widmply with Sasols standards to reduce
the risk. The measures implemented are providégeippendices.

Sasol maintains its pipeline. This will continue.
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12.1.3 Abnormal Load

The pipeline is underground. The pipeline hagvatsele. No work in the servitude or around
the pressure reducing pump station will occur.

This will prevent any load on the pipeline. Thekris therefore very low.

12.1.4 Arson and/or Sabotage

This was identified as a potential high risk. Rissfied persons could attempt to sabotage the
pipeline. This can cause an environmental pollupi@blem. This person(s) could also ignite
the gas or cause an explosion.

The developer will ensure access control. Thisighreduce the potential.

To reduce this risk management must ensure tleaastess is controlled/maintained and that
education of employees to reduce dissatisfactioht@mxplain the potential consequences.

12.1.5 Inadequate Management

On site, the owners and tenants on this site vatlmanage or be involved in the pipeline

however, they will be responsible for their emplesecontractors on site and the general
public. The owner/body corporate/manager and ebitte tenants will be required to draw up

and provide emergency plan for all persons onasiten these sites and will need to practice
and evacuation at least once per year. Sasot@nilinue to manage the pipeline.

12.1.6 Loss of Service

The site services (electricity, water, etc) haswolvement with or bearing on the pipeline and
therefore it will not influence the pipeline andits activities.

DATA SOURCES AND ASSUMPTIONS

The potential risk and equipment failure rate datarces are listed below in descending order
of preference:

These failure rates are from a variety of publisti@ia for chemical plan{References 34, 35,
38, 39 and 41)and from generic published data for mechanicaipgent(Reference 39, 41
and 42)

To determine the potential for equipment failureotiter failure which can cause a major
incident. The assessment includes professionghpedt.
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Professional judgment

Where it is required to quantify human error praliidds, References 34, 35, 38, 39 and 41 is
used as the source reference. The human erroalgtibles used are standard for the process

industries. The method for determining the frequest aircraft crashes was taken frétSE

(ref 42).

Reference 34, 35, 38, 39, 41 and d@ntain failure rate data from a number of soyncesnly
from the chemical and petro-chemical industries, ynthesize the data to arrive at expected

frequencies of losses of containment for varioeg of equipment.
Where no referenceable data is available, Profeakjodgment is used.

Table 21:

Notes & Assumptions Used to Determirtevent Frequencies

Note

Description

Reference

The background aircraft crash rate is made up ofdwmponents; the overall
background crash rate plus the airfield rate ddaterchby the location of local
airfields and aircraft movements from these fields.

Airfields only need to be considered if they ar¢hivi 16 km of the location of
interest. This site is within the specified range.

Reference 42 gives the background crash raterinaétiin the UK as 6.1x10
per knt per year.

HSE

Pipeline release of gas.
(1 x 109

Professional
Judgment

Pipeline release of gas and it ignites
(3.0x 10

Professional
Judgment

12.2

Initiating Event Frequency Assessment

12.2.1 Catastrophic Failure

The following table details the events, which h&een identified in Hazard Register that

would result in the catastrophic failure of the gg=eline.
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Table 22: Catastrophic Failure

Failure Mode Base Event Frequency Notes
Frequency Source )
Aircraft Impact 0.54 x 18 /yr HSE 0.54 x 16 /yr 1
Pipeline gas release 1.0 xgr Professional Judgment 1.0 xLgr 2
Pipeline gas release ignites 3.0 X' 1gr Professional Judgment 3.0 x1Qr 2
Subtotal 1.31x10
13 ESTIMATION OF FREQUENCIES AND CONSEQUENCES

The accident scenarios for pipeline installaticlesshown below and their associated frequency
of occurrence. These are based on EPA and HSwemdused to calculate the risk contours.

Table 23: Some risks of death expressed in annugkperiences in the UK

Cause Risk as an annual experiencd Risk (cpm)
All causes 1in 87 11490

Road accidents 1in 10 294 98

Harmful gas incidents 1in 1510 000 0.66

The Risk Assessment is based on the UK HSE andRJfSreethods and methodologies. The
scenarios and frequencies chosen are generic se¢ofrios EPA ALOHA AND EPA RMP
Comp were used to determine the potential riskaaréds of concern.

The individual risk contour lines of 10, 1 and @t&ances per million per year of receiving a
dangerous dose were calculated and are illustoatelde aerial photo. The 10, 1 and 0.3 cpm
values are the risk levels used by the HSE tohsetiiree (3) zone land use planning policy.

The individual risk contours indicate a low andemtable public risk level as the contours
where the release can go does not reach any réaidervulnerable area. The risk assessment
identifies that the 10 cpm is restricted to the.sit

For the exposed population (general public) as@eythe HSE uses the upper bound for risk
of a dangerous dose or worse as/§€ar (10 cpm) and as the lower bound/¢6ar (1cpm).
For this site the lower limit does not occur (10«3 per year) and the general public will vary.

For cases where the exposed population contailghgloportion of vulnerable people (ages,
babies, young child) the lower bound is 0.33 X Jer year (0.33). The HSE broadly
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acceptable risk is 1 x £(er year (1 cpm). This does not apply as theafreancern does not
reach any public road, residential property andétool.

The cases of pipeline releases are listed in theeAgices (Appendix 9). Fatalities have
occurred during some of these incidents. Usinggbke Incident Outcomes for pipelines, these
consequences of such an event was determined.

Table 24: Consequence Analysis of Incident Outome for various Atmospheric Stability Classes

Incident t/min Toxic Dispersion Area of concern | Frequency of incident
Outcome amount released m outcome
I 160 minutes 1289920 kg 190 m 1 x30

In the areas of concern, low occupancy occurs aodet at risk are site employees and
contractors. Where the gas can escape the boufsstengy the area is not habititated.

PAC-1: 2 900 ppm
PAC-2: 2 900 ppm
PAC-3: 17 000 ppm
14 SOCIETAL RISK
Societal risk measures the risk to a group to geonpt involved in the plant (CCPS 1989).
The Societal risks (as used by the UK HSE) showddtrthe criteria in R2P2, that is
likelihood of a single major industrial activityqgmucing 50 or more fatalities should be less
than 1 in 5 000 (less than 2 x“1Per year).
Societal risk measures estimate both the potesitialand likelihood of incidents with multiple
adverse conditions. The assessment of this riskpsrtant for managing risk in situations
where there is a potential for accidents, injuaed or fatalities.
The common measure of this is the F.N. Curve.
These frequency - Number (F.N. curve) begin isalouwdate the number of fatalities resulting
from each incident outcome case.
Societal risk is dependent on the population digtron (general public, employees) normally
around the site as well as their location (indasrsutdoors).
Ni= PxyPf
X,y
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The number of people is obtained from those ininiy@gact zone (area of concern). Prior to
implementation of control measures by an Individurad Societal Risk occurred. The controls
implemented have reduced the risk and this riskig at the pipeline. Therefore no Individual

Risk and no Societal Risk occurs.

The developer does not propose to implement mitigat measures unless recommended by
the pipeline owner (Sasol) or from the findinggto$ risk assessment.

The Sasol pipeline location on this site is prodideAppendix 4. The area where the pipeline
is located is to be used as a green belt and kihatgivity will occur in this area. At some
locations minor works in the form of road crossinggveways and open parking areas are
situated on or over the servitude.

Societal risks are calculated using individual sisk determine the number of fatalities in the
area of impact, the potential location of the peaptioors/outdoors, ignition probabilities and
when it could occur (day or night).

Table 25: Number of potential fatalities due to theoxic/flammable release without
mitigation
Wind Incident Affected area| Offsite Number of people at risk
direction | frequency/per
year Affect site Offsite
N 2.0 X 10’ Yes Yes Unknown, will vary | Unknown, few due to
terrain
NE 2.0 X 10 Yes Yes. Restricted | Will vary Unknown, few due to
due to terrain terrain
E 2.0 X 10/ Yes Yes. Restricted | Will vary Unknown, few due to
due to terrain terrain
SE 2.0 X 10 Yes Yes Will vary Unknown. Most areas
not developed
S 20X 10 Yes Yes Will vary Unknown. Most areas
not developed
SwW 20X 10 Yes Yes Will vary Unknown
W 2.0 X 10’ Yes Yes Will vary Unknown
NW 2.0 X 10’ Yes Yes Will vary Unknown, restricted dye
to terrain
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With the mitigation implemented the risk has bestuced and the risk of a gas risk on site is
low and will be contained underground. No riskidividuals or to the general public (persons
other than employees) now occurs.

No societal or individual risks were determinednasperson is at present in the areas of
concern on this site and that the areas of condermot impact on offsite surrounding
communities. Once the developers determine theansesers these can be calculated.

Figure 4:

F-N CURVE

Unacceptable
risk

10 10 10 10 10

FATALITIES (N or More)

15 SUMMARY OF RISK

15.1 _Risk summary
Exposure to Methane can present a significant inéalzard.
This assessment identified that the release of &hethfrom the Sasol gas pipeline would
present a health risk for all persons within a f®€adius from the release point under worst
case conditions without mitigational measures. @uée terrain and climatic conditions, the
area of effect could be larger than that calculaféte details of the health effects are provided
in the Appendix 5.
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The Risk Assessment identified the following:

- The greatest risk would be a gas release whicitegn This would be a worst case
release. This release would be rare and in geisdad in probability. The developer
has encased the pipeline. This has reduced théorigery low and contained at the
pipeline.

- The release of Methane from a leak could affechraa of 190 m around the source.
The implementation of the enclosure has reducechtt@a to the area of the pipeline.

- Sasol are responsible for any maintenance.

This mitigation measure is considered to be therbethod of preventing pipelines presenting
a significant risk. The mitigational measures ieménted identify that the site should be
declared an MHI and that once the decision asddype of development has occurred its
suitability needs to be determined. The HSE Ukeda for land use planning (PADHI) is used
for this.

To determine the suitability of the development the criteria for land planning PADHI
should be used. The table below provides the gaela PADHI uses the inner, middle and
outer zones to determine the suitability of theed@yment.

All three zones inner, middle and outer are locatexhd around the pipeline and its servitude.
The outer zone is 132 m around the pipeline.

Table 26: PADHI Planning

Level of sensibility Development in inner | Development in Development in outer
zone middle zone zone

1 DAA DAA DAA

2 AA AA AA

3 AA AA AA

4 AA AA AA

DAA = Don't Advise Against Development

AA = Advise against Development

Level of suitability:

1. Based on normal working population (less searejiti
2. Based on general public at home
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3. Based on vulnerable people
4, Based on larger developments in Category 2 and 3

Guidelines as to the development or potential dgraknt are provided in Appendix 10.
The Developer must ensure the following:

15.1.1 Liaise with Sasol Gas prior to any developméretermine the type of development and its
suitability.

15.1.2 Maintain existing measures implement (nodag or work in pipeline servitude) and maintain
this area.

15.1.3 Ensure that fire prevention controls are enpnted on this site and that these meet the LA
Fire Bylaws.

15.1.4 Provide a Control Centre for emergencies.

15.1.5 Educate all employees, contractors and temdilealth risks of exposure to Methane gas, the
emergency plan and their role, should an emergecoyr.

15.1.6 Continue to restrict access to the site.

15.1.7 Develop an Emergency and Crisis Managemantfpl the facilitate. Once developed, this
must be tested, practised regularly (at least pecgear).

16 CONCLUSION

The Sasol gas pipeline was designed accordingmfgmtions at the time and this would have

been adequate at that time. The pipeline is ope@bd maintained according to recognised
and prescribed procedures. Sasol employees amedrand there is reasonable supervision,
control and auditing. The developer must liaisé&iasol and determine or accept mitigational
measures to limit the risk to the general puldDevelopers and their tenants still however need
to implement an Emergency Plan. The purpose sfEhergency plan should be:

Preventing accidental chemical releases whiclddmitoxic, explosive or flammable.
Reducing risk to community.

Minimising the consequences of releases on thiecgrment.

Enable management to respond to an emergencyeatfy and effectively and to
reduce a risk.

PwpNPE
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Risk Model

Risk Summary

MAJOR HAZARDOUS INSTALLATION

REF. EVENT RESULT REDUCTION RATING DECISION
SEVERITY FREQUENCY REDUCTION
1. Failure of pipeline localised Release of Methane into 1. Odour can be detected easy. 1 1 1-9
failure. atmosphere. 2. Maintenance program - Sasol
3. Inspection program - Sasol
4. Emergency response - Sasol
5. Training - all employees trained.
6. Emergency plan - required
7. Access control and only authorized persons
1.1. Release of Methane into 1. Odour can be detected easy. 2 1 1-10
atmosphere. 2. Maintenance program.
Formation of gas/vapour cloud| 3. Inspection program.
in area. 4. Emergency response.
5. Training - all employees trained.
6. Emergency plan
7. Access control and only authorized persons
8. Crisis Management plan required.
1.2 Release of Methane into 1. Odour can be detected easy. 4 1 1-11
atmosphere. No initial ignition, | 2. Maintenance program.
formation of gas/vapour cloud, | 3. Inspection program.
and this blows towards 4. Emergency response.
Warehouse and other offsite 5. Training - all employees trained.
properties 6. Emergency plan
No ignition of cloud - Toxic 7. Access control and only authorized persons
levels. 8. Area locked and only authorised personnel altbwe]
9. Crisis Management plan required.




REF.

EVENT

RESULT

REDUCTION

RATING

SEVERITY

FREQUENCY

REDUCTION

DECISION

2.1

2.2

2.3

Release of Methane from pipeline

Worse Case

Release of toxic vapour cloud.
Release of gas for at least 120
minutes (Sasol requires this
period to stop a release).

ONOUA®WNE

. Odour can be detected easy.
. Maintenance program.

. Inspection program.

. Emergency response.

. Evacuation plans.

. Training

Access control and only authorized persons

. Crisis Management plan required

19

Release of Methane vapours

©ONDUTAWN

1. Odour can be deteatsd

. Maintenance program.

. Inspection program.

. Emergency response BA available.
. Evacuation plans.

. Training

Access control and only authorized persons

. Crisis Management plan required
. Alert Sasol and LA Fire Brigade/Emergency

Services.

1-9

Released into atmosphere and
surrounding area

Methane cloud toxic level will
exceed boundary.

Could affect 50 - 500 m around
site.

CO~NOUAWNE

. Odour can be detected easy.

. Maintenance program.

. Inspection program.

. Emergency response BA available.
. Evacuation plans.

. Training

Access control and only authorized persons

. Crisis Management plan required
. Alert Sasol and LA Fire Brigade/Emergency

Services.

1-9

Release and ignition occurs.
Risk restricted to area around
tank. But if explosion, flying
objects will be a danger.

. Employees trained.
. Signage
. Fire fighting equipment available. Employees

trained.

. Emergency plan.
. Emergency response.




REF. EVENT RESULT REDUCTION RATING DECISION
SEVERITY FREQUENCY REDUCTION

Natural disaster. Release of Methane into 1. Natural wind dispersion. 5 1 1-8
Storm, Equipment damaged. atmosphere. 2. Manually shut off valves if possible.
Pipe connections and valves No initial ignition, formulation 3. Fire fighting response - Employees trained.
damaged. of vapour cloud. 4. Emergency response.

Vapour cloud forms in area 5. Evacuation and Emergency plan.

also infiltrates plant and 6. Crisis plan required.

drainage channels, and 7. Emergency services Sasol Risk and Emergency

community. Services and LA notified.

8. Can be diluted by wind.
One or more of the above Applicable response as above. 5 1 1-8

Sabotage.
Deliberate release and/or ignition
of gas.

scenarios.




Rating Categories

SEVERITY FREQUENCY REDUCTION COMMENTS
Slight injury and/or damage 1 Once in 10 years or less 1 Routine procedures 1
Serious injury and/or damage 2 Once per year 2 Annual procedures 2
Certain death & major damage 3 Once per Quarter (3 months) 3 Quarterly procedures 3
Injury and/or damage outside site 4 Once per month 4 Monthly routines 4
Catastrophe, multiple deaths and 5 Frequently 5 Immediate action 5
major damage

6 Design parameters

7 Emergency procedures

and plans
8 Procedures controls




Pipeline Release - Sasol
(Methane Gas)

RISK ANALYSIS - MAJOR HAZARD INSTALLATION

ISSUE POTENTIAL THREAT | CONSEQUENCE OF SIGNIFICANCE OF EFFECTS CONSEQUENCE | PROBABILITY OF RISK RATING
THREAT MATERIALISING CONSEQUENCE (SEVERITY) OCCURRENCE
BEFORE AFTER
ACTION ACTION
Release of 1. Fire/explosion 1. Presents health/safety risk | 1. Injury 1. Safety risk Damage is Normal operations LOW
Methane and the | 2. Potential health threaf 2. Fire/explosion 2. Damage 2. Health risk dependent upon the| - low risks
Methane or its 3. Release through 3. Damage to plant 3. Damage equipment and plant| 3. Environmental Community | amount released. Accident/incidents HIGH

vapour does not
ignite.

fire/explosion

4. Potential explosion
5. Potential health safety
environmental risk

Issue.
4. Damage
5. Fire/explosion

risk increases can
happen




ISSUE POTENTIAL THREAT | CONSEQUENCE OF SIGNIFICANCE OF EFFECTS CONSEQUENCE | PROBABILITY OF RISK RATING
THREAT MATERIALISING CONSEQUENCE (SEVERITY) OCCURRENCE

BEFORE AFTER
ACTION ACTION

Release of 1. Fire/explosion 1. Presents health/safety risk | 1. Injury 1. Safety risk Damage is Normal operations LOW

Methane and 2. Potential health threaf 2. Fire/explosion 2. Damage 2. Health risk dependent upon - low risks

Methane and/or 3. Release through 3. Damage to plant 3. Damage equipment and plant| 3. Environmental Community | explosion. Accident/incidents HIGH

its vapour ignites fire/explosion 4. Potential explosion Issue. Flying objects can risk increases can

and explosion 5. Potential health safety 4. Damage affect an area of 2000 happen

occurs

environmental risk

5. Fire/explosion

- 300 m.




ISSUE POTENTIAL THREAT CONSEQUENCE OF SIGNIFICANCE OF EFFECTS CONSEQUENCE PROBABILITY OF RISK RATING
THREAT MATERIALISING | CONSEQUENCE (SEVERITY) OCCURRENCE
BEFORE AFTER
ACTION ACTION
Toxic Potential health threat 1. Presents health/safety risk 1. Injury 1. Safety risk Employees can be affected. | Low risk LOwW
release no | - employees - Sasol 2. Damage 2. Health risk Consequences can be severq - normal operations
ignition - general public/other 3. Potential health safety - death
and/or companies employees. environmental risk - irreversible damage Incident can occur Emergency
explosion - unconscious and risk increase Risk
- lung damage HIGH
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