
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Swartland Insulations (Pty) Ltd 

Major Hazard Installation (MHI) Risk Assessment Report 

Atlantis Extruded Polystyrene (XPS) Plant 

(proposed site)  

Compiled and Approved by: 

Motlatsi Mabaso CEng MIChemE 

MMRisk (Pty) Ltd 

motlatsi@mmrisk.co.za 

+27 (0)12 668 1294  |  +27 (0)72 596 3181 

Report Reference Number: 

Sw01-REP-MHI-1 

Revision 4 (Final) 

Dated: 27th June 2019 

 MMRisk (Pty) Ltd is an  

Approved Inspection Authority for 

MHIs: CI MHI 0013 and MHI 0037 

 

 

 

  

mailto:motlatsi@mmrisk.co.za


 

The Site’s contact details: 

Site Contact Names: Derrick Nel 

Quality & RD Manager 

021 573 7500 

082 854 0778 

derrick.nel@Swartland.co.za 

 
 

 

 

REVISION HISTORY: 

Document number: Sw01-REP-MHI-1 

REVISION: Rev 4 (Final) 

 NAME: POSITION: SIGNATURE: DATE: 

COMPILED BY: Motlatsi Mabaso Risk Assessor 

 

27/06/2019 

CHECKED BY:   
 

 
 

APPROVED BY: Motlatsi Mabaso Technical Manager 

 

27/06/2019 

REVISION HISTORY 

Rev 4 27/06/2019 Final, Revision 4 with corrected cross-references 

Rev 3 29/05/2019 Final, Revision 3 with updated information on hazardous materials 

Rev 2 15/05/2019 Final, Revision 2 with updated gas installation locations and quantities 

Rev 1 30/04/2019 Final Revision 

Rev 0 (Draft) 17/04/2019 First Draft to Client 

REVISION DATE DESCRIPTION 

 

 

 

 

 

 

Disclaimer: 

This document is intended for use by the named client only.  Any unauthorised use is strictly prohibited unless express content has 

been given by the client. Anyone who uses this document and the information contained within does so entirely at his own risk. 

Results marked “Not SANAS Accredited” in this report are not included in the SANAS Schedule of Accreditation for this inspection 

body.  Opinions and interpretations expressed herein are outside the scope of SANAS accreditation.  Results marked 

“Subcontracted Work” in this report are not included in the SANAS Schedule of Accreditation for this inspection body. 

mailto:derrick.nel@Swartland.co.za


 
 

 

Sw01-REP-MHI-1 MHI Assessment Report: Swartland Atlantis XPS Plant 

 

Page 3 of 71 

 

EXECUTIVE SUMMARY 

Introduction 

MMRisk (Pty) Ltd were contracted by Swartland Insulations (Pty) Ltd (‘Client’) to conduct a Major Hazard 

Installation (MHI) Risk Assessment of their proposed an Extruded Polystyrene (XPS) processing plant in 

Atlantis, Western Cape, South Africa (the ‘site’).  MMRisk are accredited by the South African National 

Accreditation System (SANAS) and approved by the Department of Labour to conduct Major Hazard 

Installation (MHI) Risk Assessments (AIA approval Number CI MHI 0013, approval certificates attached in 

Appendix A). 

SITE ACTIVITIES 

The site will be home to an Extruded Polystyrene (XPS) process; the plant is still under design.  Polystyrene 

(PS) raw material will be stored in a covered outdoor storage area and received into the main factory building 

where an XPS extrusion machine will be installed.   

Resin (made up of Polystyrene (94% of the resin), New-cleating, Flame retardant material, Colour and Process 

Aid) will be combined with blowing agents (CO2, Dimethyl Ether (DME), R152a and Ethanol (Etoh)) in a specific 

combination to produce the XPS end product.  Figure 2.2 shows a block flow diagram of the process. 

   

 

Figure 2.2: Basic Site Process Flow Diagram 
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METHODOLOGY 

The assessment has been conducted in line with the requirements of South African National Standard (SANS) 

1461:2018 Major Hazard Installation – Risk Assessments.  The standard was published in June 2018; it is now 

the industry best practice for the compilation of MHI Risk Assessments.  All AIAs are now required to perform 

MHI Risk Assessments according to the requirements of the standard, and it is expected to become a legal 

requirement once the MHI Regulations are amended (amendment was underway at the time of writing).   

The standard provides requirements for the following as part of MHI Risk Assessments: 

 Defining the scope of work; 

 Gathering relevant data; 

 Hazard identification; 

 Hazard analysis; 

 Consequence analysis; 

 Risk calculations (including individual and societal risk); 

 Risk judgement criteria; 

 Risk treatment; 

 Land-use planning; 

 Emergency response data (analysing information from the Client); 

 Conclusions and recommendations. 

 

INDIVIDUAL RISK 

The individual risk contours illustrated in the figures below are of the type ‘Location Specific Individual Risk 

(LSIR)’ contours.  These show the chance of death of a theoretical person if they are positioned at a particular 

location 24 hours per day, 365 days per year.  LSIR is an overstatement of risk which is widely accepted as 

sufficiently conservative.  In reality, workers will spend the length of a shift per day and not the entire day.  

However, when a worker is off, another worker may replace her in doing her task, therefore, overall it can be 

considered that there is an individual at that particular point or area, all of the time. 

The risk acceptability criteria are described in Section 4.5.1 and the individual risk profiles for the site are 

illustrated in Figure 9.1 for people located outdoors. 

 

 

 

Individual risk results for those located outdoors 

Figure 9.1 illustrates individual risk of death for those located outdoors.  Being located outdoors implies a lack 

of shielding for thermal radiation, as would be the case for those located indoors.  The contours extend as 

follows: 
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 The 1 x 10-5 / year contour: At this risk level and below, individual risk is broadly acceptable for workers 

and can be tolerated for members of the public provided that it is proven to be As Low As Reasonably 

Practicable (ALARP).  This contour extends beyond the site to the east, over currently vacant land. 

 

 The 1 x 10-6 / year contour: This is the level below which risk is broadly acceptable and the indicator 

for MHI status as described in 1.5.  This contour extends offsite east over currently vacant land.  This 

indicates a risk over the servitude that is elevated but still is within ‘ALARP’ bounds as described in 

Section 4.5.  This means risk over this area can be tolerated if proven that it is As Low As Reasonably 

Practicable. 

Risk below the 1 x 10-6 / year level (indicated by the areas located outside this contour) is considered broadly 

acceptable. 

 

Risk Judgement: 

Because the 1 x 10-6 /year risk contour extends beyond the site boundary, the site is considered a Major Hazard 

Installation (see Section 1.5). 

 

Recommendations for reducing risk further at these locations are provided in Section 12. 
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Figure 9.1: Individual Risk Contours around the site (individuals located outdoors) 

 

SOCIETAL RISK 

Societal risk takes into account populations around the site to determine risk tolerability.  In this study, this is 

presented in the form of an FN-Curve, which illustrates scenarios with the potential to cause death, as well as 

considers the frequency of each scenario.  The frequencies of the scenarios are then summed to show a 

cumulative risk of death, i.e. the frequency (F) of causing N or more fatalities against the number of fatalities, 

N. 

As illustrated in Figure 9.2 there are tolerability limits as suggested by SANS 1461:2018 (see Section 4.5.2), 

as illustrated by the red and blue sloped lines.  Above the red line is the region where societal risk is intolerable; 

below the blue line is the region where societal risk is broadly acceptable.  Between these lines is the region 

where risk can be tolerated if it is proven to be ALARP (see Section 4.5.2). 
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Description of the site’s FN Curve (societal risk results) 

Day time societal risk is based upon activities onsite which take place only during the day and upon day-time 

population levels, and similarly night time risk is based upon activities taking place at night and also on 

populations of people during the night.  The FN Curve given below is a combination of day time and night time 

risk. 

As seen in Figure 9.2, the maximum number of fatalities which can occur from a single event occurring onsite 

is just over 120 people.  The associated frequency of this event is low, at approximately 1.2 x 10-8 / year.  This 

high number of fatalities was driven by the jet fire, flash fire and vapour cloud explosion events observed in the 

Consequence Analysis Section 7.  In that section the hazard ranges for jet fires and flash fires covered large 

areas around the site.  However, the infrequent nature of those events (such as catastrophic failure of 

equipment) drove the societal risk down and societal risk is assessed as Broadly Acceptable. 

 

Risk Judgement: 

Societal Risk for the site is assessed as ‘Broadly Acceptable’. 
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Figure 9.2: FN Curve for Combined Day and Night time risk 

 

IMPACT ON SURROUNDING FACILITIES 

As can be seen in the preceding sections there is consequence impact over New Era (to the north), the vacant 

plot to the east of the site, the site under construction to the south of the site over Charles Matthews Street, as 

well as Bokomo Foods (to the south-east). 

Consequence Effects on surrounding MHIs 

Section 7 Consequence Analysis showed jet fire, flash fire and vapour cloud explosion impact over New Era 

and Bokomo Foods.  The result of these events might be initiation of loss of containment events at those sites, 

due to elevated thermal radiation and overpressure levels. 
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Emergency procedures for dealing with events taking place at the site should involve notification of neighbours 

to ensure that they are able to evacuate as necessary to minimise injuries and fatalities.  

 There is impact over other non-MHI neighbours to the south (the construction site) as well as immediately the 

vacant plot east of the site.  Should the site receive notification of proposed developments in those areas, 

consequence and risk analysis information compiled in this report should be used to inform developers of the 

risk due to the site’s operations.  

 

RECOMMENDATIONS 

Based on the risk analysis herein, the following recommendations are made: 

Recommendation 

Number: 
1 

Recommendation 

wording: 

Carry out advertisement and notification as required by provision 2(1) of the MHI 

Regulations. 

Rationale: 

The 1 x 10-6 /year individual risk contour extends beyond the boundary of the site as 

indicated in Figure 9.1 therefore MMRisk declares the site a Major Hazard 

Installation. 

Priority: High 

 

Recommendation 

Number: 
2 

Recommendation 

wording: 

Ensure the following safety systems / considerations are given during the design, in 

order manage risk at the site: 

a) Road tankers are designed to SANS 1518 and adequately maintained 

(confirm with suppliers); 

b) Operator presence at all times during offloading; 

c) Drained area for tanker offloading linked to a separator system; 

d) Installation of Emergency Stop Buttons at various locations around the site; 

e) Ensure inspections are performed on equipment carrying hazardous 

materials s per relevant SANS standards; 

f) Consider physical barriers between tanks and pathways and other 

equipment to avoid collisions leading to losses of containment; 

g) Ensure that clear routes for personnel and equipment movement are 

demarcated; 

h) Ensure adequate training of personnel on the handling of hazardous 

materials; 

i) Implement ignition source control within the raw materials, blowing agent 

and XPS storage areas; 

j) Ensure adequate separation of XPS storage area from other flammable 

materials. 

k) Ensure bunding and containment systems are designed per SANS 

standards, as appropriate; 
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l) Consider installation of gas detection, heat detection and other detection 

systems, as appropriate, within the blowing agent storage area; 

m) Where appropriate, consider possible compartmentalisation of tanks to 

prevent complete loss of hazardous material in case of leaks. 

n) Consider installation of measures to decrease consequence distances in 

case of fire, e.g. fire walls in the vicinity of blowing agent storage, however, 

taking into account the potential for further confinement as a result. 

Rationale: 
The analysis performed in this report identified several elements to be considered, 

which are safety critical. 

Priority: High 

 

Recommendation 

Number: 
3 

Recommendation 

wording: 

Ensure that the site’s existing fire system is checked by a qualified Fire Engineer and 

if need be, upgraded. 

Rationale: The site has an existing fire system which was inherited from the previous site owner. 

Priority: High 

 

Recommendation 

Number: 
4 

Recommendation 

wording: 
Involve notification of neighbours in the site’s emergency procedures  

Rationale: 

Several fire and explosion events were shown to impact on neighbours.  This will 

ensure that neighbours are able to evacuate as necessary to minimise injuries and 

fatalities as a result of fires/ explosions at the site. 

Priority: High 

 

Recommendation 

Number: 
5 

Recommendation 

wording: 

Compile an Emergency Response Plan for the site, in line with SANS standard 1514 

for Emergency Response Plans for MHIs, and considering local by-laws.  

Rationale: Emergency Response Plans are a requirement of the MHI Regulations. 

Priority: High 

 

Recommendation 

Number: 
6 

Recommendation 

wording: 

Re-do the MHI Risk Assessment after 5 years, or re-do the assessment if details of the 

installations change significantly, or if a loss of containment event occurs. 

Rationale: Reviews of the MHI Assessments are a requirement of the MHI Regulations. 

Priority: Low 
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1 INTRODUCTION 

1.1 Scope of Risk Assessment 

MMRisk (Pty) Ltd were contracted by Swartland Insulations (Pty) Ltd (‘Client’) to conduct a Major Hazard 

Installation (MHI) Risk Assessment of their proposed an Extruded Polystyrene (XPS) processing plant in 

Atlantis, Western Cape, South Africa (the ‘site’).  MMRisk are accredited by the South African National 

Accreditation System (SANAS) and approved by the Department of Labour to conduct Major Hazard 

Installation (MHI) Risk Assessments (AIA approval Number CI MHI 0013, approval certificates attached in 

Appendix A). 

 

1.2 The site visit 

A site visit was conducted on 25 February 2019 for purposes of information gathering.  MMRisk representative 

Motlatsi Mabaso met with the Quality and R&D Manager Derrick Nel at the proposed Site.  During the visit, 

technical information, and information on the surroundings, was gathered by way of a questionnaire and note-

taking.  A site walkabout was also conducted to familiarise MMRisk with the layout of the site, the equipment 

and processes taking place onsite.  After the site visit, MMRisk staff drove around the site to familiarise 

themselves with the neighbours, paying particular attention to potential MHI sites. 

 

1.3 Report layout 

The MHI Risk Assessment has been completed in line with the requirements of the Major Hazard Installation 

Regulations No. R 692 (‘MHI Regulations’) published in July 2001 and forming part of the Occupational Health 

and Safety Act No. 85 of 1993, Section 43 (1)(c).   

Regulation 5 (5)(b) of the MHI Regulations requires that MHI reports contain at least the following information 

(all of which is fulfilled in this report): 

i. A general process description of the facility; 

ii. A description of the major incidents associated with that type of installation and the consequences 

of such incidents, which shall include potential incidents; 

iii. An estimation of the probability of a major incident; 

iv. A copy of the site emergency plan; 

v. An estimation of the total result in the case of an explosion or fire; 

vi. In the case of toxic release, an estimation of concentration effects of such release; 

vii. The potential effect of an incident on a major hazard installation or part thereof on an adjacent 

major hazard installation or part thereof; 

viii. the potential effect of a major incident on any other installation, members of the public and 

residential areas; 

ix. Meteorological tendencies; 
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x. The suitability of existing emergency procedures for the risks identified (covered in the emergency 

plan); and 

xi. Any organisational measures that may be required. 

1.4 Risk Assessment Methodology 

The assessment has been conducted in line with the requirements of South African National Standard (SANS) 

1461:2018 Major Hazard Installation – Risk Assessments.  The standard was published in June 2018; it is now 

the industry best practice for the compilation of MHI Risk Assessments.  All AIAs are now required to perform 

MHI Risk Assessments according to the requirements of the standard, and it is expected to become a legal 

requirement once the MHI Regulations are amended (amendment was underway at the time of writing).   

The standard provides requirements for the following as part of MHI Risk Assessments: 

 Defining the scope of work; 

 Gathering relevant data; 

 Hazard identification; 

 Hazard analysis; 

 Consequence analysis; 

 Risk calculations (including individual and societal risk); 

 Risk judgement criteria; 

 Risk treatment; 

 Land-use planning; 

 Emergency response data (analysing information from the Client); 

 Conclusions and recommendations. 

 

1.5 Basis for declaring site a MHI or not a MHI 

The basis for declaring the site an MHI or not an MHI shall be based on regulation 2.(1) of the MHI Regulations, 

which reads:  

“Subject to the provisions of subregulation (3) these regulations shall apply to employers, self-employed 

persons and users, who have on their premises, either permanently or temporarily, a major hazard installation 

or a quantity of a substance which may pose a risk that could affect the health and safety of employees and 

the public.” 

This report shall consider “a risk” as contemplated in regulation 2(1) to be a quantity of risk which is higher than 

the level considered ‘broadly acceptable’ as described in SANS 1461:2018.  Therefore, if the individual risk 

resulting from the site’s operations results in off-site risk which is higher than ‘broadly acceptable’ level, then 

the site shall be declared a MHI. 

Risk Tolerability is explained in detail in Section 4.5. 
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1.6 Major Assumptions 

The following assumptions were made in the compilation of this study: 

 On site there is an existing building which is used by another company (Huhtamaki) to store airbags.   

The airbags are assumed to contain sodium azide, which can break down in the presence of heat to 

form Sodium and Nitrogen.  The dispersion of nitrogen could be expected were an event to take place 

inside the building. 

 

 The release of nitrogen described above is expected to result in the inflation of the airbags and not to 

be released en masse in an acute manner.  Any release of nitrogen through the vents of the building 

is expected to happen gradually.  Therefore, there is not expected to be a major accident which results 

in the release. 

 

 There is a flammable store proposed for the site and MMRisk assumes that it will be designed to 

required standards and by-law requirements. 

 

 Due to the envisaged usage statistics of carbon dioxide, CO2, Ethanol and dimethyl ether, road tanker 

loading will occur so infrequently that the tanker would only be available onsite a fraction of the time 

(approx. 8.5 x 10-5) in a year. Taking into account frequency of hazard outcomes, the risk would be 

low, in the region of 10-11 and would therefore be negligible.  Material storage would dominate the Risk.  

Therefore for those materials, road tanker delivery risk has been ignored. 

 

 The XPS machine will draw blowing agents into itself and no pumps or compressors will be situated 

near raw material storage area. 

 

 All liquid tanks and their associated bunds will be designed to required South African National 

Standards (SANS) and / or other recognised standards. 

 

  



 
 

 

Sw01-REP-MHI-1 MHI Assessment Report: Swartland Atlantis XPS Plant 

 

Page 18 of 71 

 

2 DESCRIPTIONS 

2.1 Site location 

The Site under study is located in the Atlantis Industrial Area surrounded by a number of other industrial 

facilities, the site location is 3 Charles Matthews Street, Atlantis Industrial, Cape Town, 7349.  The GPS 

coordinates are: 33°35'25.99"S, 18°28'33.25"E. 

The Site forms part of a number of facilities in the Atlantis area belonging to Swartland Investments (Pty) Ltd. 

The neighbouring facilities are a combination of food manufacturers, packaging companies, flammable gas 

distributors and other industrial facilities.  The site and its neighbours are shown in Figure 2.1 and described in 

the sections which follow. 

 

Figure 2.1 The Site and Surroundings 
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2.1.1 Nearby Major Hazard Installations 

The site is surrounded by a number of MHI sites or potential MHI sites detailed in Table 2.1.  For those facilities, 

the assumed population statistics are also provided in the table.  Where the population density was assessed 

to be too high, the population of that facility was moderated and the density of the Site was assumed.  

Furthermore, it was assumed that at any given moment during the day, 93% of the population would be located 

indoors and 7% outdoors.  For night-time, it was assumed that 99% of the population is indoors and only 1% is 

outdoors. 

 

Table 2.1: MHIs located close to the site 

Facility/ Area Indicated by 

Number: 

Distance 

from site (m) 

Direction MHI 

facility? 

Site Size 

(hectare) 

Assumed 

Population 

Pioneer Foods 

Bokomo – food 

manufacture 

1 18 South Possible 

MHI 
5.73 80 people per 

hectare = 458 

people 

Huhtamaki 

- airbag manufacture 

4 205 East Possible 

MHI 
1.12 80 people per 

hectare = 90 

people 

Laboh Gas 

- LPG distribution 
 

5 315 West-

south-west 

Possible 

MHI 

0.24 40 people per 

hectare = 9 

people 

Fibermill SA 

- industrial fabrics 

8 423 East Possible 

MHI 

1.46 40 people per 

hectare = 58 

people 

Golden Era Group 

- packaging 

9 40 North Possible 

MHI 

2.39 80 people per 

hectare = 191 

people 

Brits Nonwoven 

- thermal insulation 

manufacture 

11 230 North-east Possible 

MHI 

1.1 80 people per 

hectare = 88 

people 

Atlantis Foundries 

- metal foundry 

15 492 South Yes 9.18 80 people per 

hectare = 730 

people 

 

2.1.2 Other nearby Industrial neighbours 

There are several other neighbours which may not be MHIs, shown in Table 2.2.  For these surrounding areas 

it is assumed that at any given moment during the day, 93% of the population is located indoors and 7% 

outdoors.  At night, it is assumed that 99% of the population is indoors and only 1% is outdoors unless otherwise 

indicated in Table 2.2. 
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Table 2.2: Other nearby industrial neighbours 

Facility/ Area Indicated 

by 

Number: 

Distance 

from site (m) 

Direction MHI 

facility? 

Site Size 

(hectare) 

Assumed Population 

Construction site 

(unknown occupant) 

2 30 South Unsure 1.13 80 people per hectare = 

90 people 

Time Link Cargo 3 780 South-

east 

Probably 

not 

0.72 40 people per hectare = 

29 people 

Fabricated Steel 

Manufacturing 

Company 

6 337 South-

east 

Probably 

not 

0.26 40 people per hectare = 

10 people 

Express Hauliers 7 475 South-

east 

Probably 

not 

2.89 40 people per hectare = 

115 people 

GPG Engineering 

Supplies 

10 408 East-

north-

east 

Probably 

not 

0.95 40 people per hectare = 

38 people 

Eat and Smile (Café) 12 381 East-

north-

east 

Probably 

not 

0.7 total 

buildings 

10 people per shop = 30 

people 

NDI Plumbers 14 356 East-

south-

east 

Probably 

not 

0.15 40 people per hectare = 

6 people 

 

2.1.3 Nearby vacant land and premises 

There is vacant land near and some vacant premises near the Site, details are provided in the table below. 

Table 2.3: Nearby vacant land and premises 

Facility/ Area Indicated by Number: Distance from site (m) Direction 

Empty premises 13 211 South 

Vacant land - Immediate neighbours East and West 
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2.2 Company’s main activities 

The site will be home to an Extruded Polystyrene (XPS) process; the plant is still under design.  Polystyrene 

(PS) raw material will be stored in a covered outdoor storage area and received into the main factory building 

where an XPS extrusion machine will be installed.   

Resin (made up of Polystyrene (94% of the resin), New-cleating, Flame retardant material, Colour and Process 

Aid) will be combined with blowing agents (CO2, Dimethyl Ether (DME), R152a and Ethanol (Etoh)) in a specific 

combination to produce the XPS end product.  Figure 2.2 shows a block flow diagram of the process. 

   

 

Figure 2.2: Basic Site Process Flow Diagram 

 

The locations of various installations onsite, including raw material storage, raw material input, main process 

building and XPS product storage, are shown in Figure 2.3 at the site’s current state, before installation of any 

of the facilities. 
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Figure 2.3: Proposed locations of various installations onsite
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The process can be described as follows: 

Material Receipt 

The following materials are received onsite via bulk truck or road tanker: 

(A) Materials making up the resin: 

 Polystyrene (94% of the resin), the balance of which contains 

 New-cleating  

 Flame retardant 

 Colour 

 Process Aid 

(B) Blowing agents: 

 CO2 

 Dimethyl ether (DME) 

 152a (gas) 

 Ethanol 

The resin and blowing agents will be combined and the process will proceed through an XPS machine located 

inside the main processing building.  The process is illustrated in Figure 2.2. 

Processing and Storage onsite 

Raw Material Storage 

Polystyrene (PS) storage will be in a covered area in the dedicated raw material storage area north-west of the 

site.  Blowing Agent storage will be via dedicated tanks located west of the main processing building and south 

of the raw material storage area. 

Material transportation 

PS will be transferred to the process building via 25 kg bags.  Blowing Agent will be transferred to the process 

building via pipework. 

XPS Storage 

XPS will be stored in the XPS Finished Board Storage Area to the west and south-west of the site. 

Dispatch of Material 

XPS dispatch 

XPS will be dispatched from the Finished storage area, via truck. 
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There is a small building onsite used by Huhtamaki (third party) to store faulty airbags.  The airbags are assumed 

to contain sodium azide, which can break down in the presence of heat to form Sodium and Nitrogen (see 

Major Assumptions Section 1.6).  The dispersion of nitrogen could be expected were an event to take place 

inside the building.  However, the release of nitrogen is expected to result in the inflation of the airbags and not 

to be released en masse in an acute manner.  Any release of nitrogen through the vents of the building is 

expected to happen gradually.  Therefore, there is not expected to be a major accident which results in the 

release. 

On site there is also a flammable store planned onsite to carry small drum quantities of flammable substances. 

 

2.3 Staff complement and shift patterns 

The site will function as a 24 hour per day, 7 days per week operation with shifts and personnel described in  

Table 2.4: Site shift patterns and personnel data 

Aspect Details 

Operating Hours: 24 hours per day, 7 days per week 

Shift 1: 06h00 to 14h00 

Shift 2: 14h00 to 22h00 

Shift 3: 22h00 to 06h00 

Shift 4:  

Admin Staff hours: 08h00 to 17h00 

Total Staff Complement: 12 people 

Staff Distribution 

Locations: 

 

1. Factory Building 

2. Admin Area 

3. Transfer area 

 

Number of personnel: 

       Shift 1:          Shift 2:             Shift 3: 

1.         8                  8                       8 

2.         2 (08h00 to 17h00) 

3.         2                   2                       2 

 

 

2.4 Process Description 

The site’s operations are illustrated in Figure 2.2 can be broken down into various sections:  

 Receipt of Material onsite; 

 Storage and processing of materials. 

 

2.4.1 Material receipt by road tanker 

Several of the materials will be received by road tanker as described in Table 2.5. 
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Table 2.5: Material road tanker receipt statistics 

Material Loading frequency Road tanker 

capacity (kg) 

% time hazard onsite Hose 

diameter 

(mm) 

Limited 

Area 

CO2 30,000 kg load / 124 kg/day 

consumption = once in 8 

months 

- Very small (see Major 

Assumptions section 1.6) 

- - 

DME 30,000 kg load / 315 kg/day 

consumption = once in 3 

months 

30,000 Assume 1 hour on site every 

3 months = 4 hours/ year = 

4/8640 = 4.6e-4 

Assume 2 

inch 

Not 

required- 

gas 

R-152a 30,000 kg load / 134 kg/day 

consumption = once in 7.5 

months 

- Very small (see Major 

Assumptions section 1.6) 

- - 

Ethanol ~ 30,000 kg load / 172 

kg/day consumption = once 

in 6 months. 

- Very small (see Major 

Assumptions section 1.6) 

- - 

 

2.4.2 Processing and storage of materials onsite 

2.4.2.1 Blowing Agent Storage 

The Blowing Agents materials are stored onsite, at a dedicated material storage section shown in Figure 2.3 as 

‘Gas Installation’.  Details of the storage is shown in this section. 

 

Table 2.6: Blowing Agent Storage 

Material Tank capacity 

(m3) 

Storage 

temperature 

(oC) 

Storage 

pressure 

(barg) 

Bund height 

(m) 

Bund area 

(m2) 

% time hazard 

onsite 

Ethanol 9 Ambient Atmospheric 1 (assumed) 10 

(assumed) 

1 

CO2 22 -23 17.2 Assumed 

unbunded 

(vapour) 

- 1 

DME 44 Ambient 4 Assumed 

unbunded 

(vapour) 

- 1 

R-152a 9 Ambient 4 Assumed 

unbunded 

(vapour) 

- 1 

 

2.4.2.2 Piping from storage to process 

Blowing agents will be piped from storage to the process, with details as follows: 
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Table 2.7: Details of piping from storage to process 

Material Throughput 

(kg/day) 

Line diameter 

(inch) (assume) 

Ave. Line 

length 

No. of 

lines 

Total line 

length (m) 

Spill 

area 

(m2) 

% time 

hazard 

onsite 

Ethanol 172 2 =11*1.5 = 

16 m 

1 16 217 1 

CO2 124 2 16 1 16 - 1 

DME 315 2 16 1 16 - 1 

R152a 134 2 16 1 16 - 1 
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2.5 Meteorological tendencies 

The weather conditions around the site, which are used for risk analysis, were obtained from South African 

Weather Service data, as analysed and summarized in the website weatherbase.com.  Data from the closest 

South African Weather Service weather station (Malmesbury – 0041388 0) was used as analysed in 

weatherbase.com1.  

2.5.1 Ambient temperature, pressure, humidity and rainfall 

Ambient Temperature and Pressure 

 Warmest months: January and February 

 

 Coolest month: July 

 

 The average annual maximum temperature is : 17.4oC 

Air Pressure was calculated based on the site’s elevation above sea level, using the webpage: 

www.mide.com/pages/air-pressure-at-altitude-calculator.  

 Based on the site’s elevation of 141 m above sea level the ambient pressure was taken to be = 0.98 

bar. 

Humidity 

Humidity is of interest because it affects the rate at which thermal radiation transfers from a flame to a target, 

such as a person, building or piece of equipment.  The more humid the conditions, the more radiation is 

absorbed by the water vapour and the less radiation is felt by the target. 

 On average, June and July are the most humid months (ave. 73% humidity). 

 On average, November to February are the least humid months (ave. 62% humidity). 

 The average annual percentage of humidity is: 67.2%. 

Rainfall 

Similar to humidity, the presence of rain is of interest because water droplets absorb some radiation in the case 

where this is 

 On average, January is the driest month with 12 mm precipitation. 

 Average total annual precipitation is 526 mm. 

 

                                                        

1 Weatherbase.com. Malmesbury monthly averages summary, Retrieved on 16 April 2019 from, 

http://www.weatherbase.com/weather/weather.php3?s=604966&cityname=Malmesbury-Western-Cape-South-Africa. 

 On average, June and July are the wettest months, with October being the wettest month with average 

precipitation of 85 to 86 mm. 

http://www.mide.com/pages/air-pressure-at-altitude-calculator
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2.5.2 Wind statistics 

Wind statistics were based on observations taken between December 2011 to February 2019, daily from 7am 

to 7pm local time, recorded at Malmesbury weather station.  Wind statistics were obtained from 

https://www.windfinder.com/windstatistics/malmesbury 

Wind statistics were taken into account in the risk modelling.  Considering the yearly average wind direction 

distribution, the majority of wind tends come either from south-south-west and from the north-north-east .  The 

wind rose is shown in Figure 2.4. 

 

 

Figure 2.4: Wind Statistics at site 

 

2.5.3 Weather conditions used for modelling in this assessment 

2.5.3.1 Introduction to Weather Stability Classes 

As required in SANS 1461:2018, several weather conditions have been used in the modelling of consequence 

and risk in this assessment.  The choice of weather conditions is in the form of so-called ‘Pasquill stabilities’; 

https://www.windfinder.com/windstatistics/malmesbury
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Pasquill stabilities are measures of ‘the tendency of the atmosphere to resist or enhance vertical motion’ [2].  

Stability is a function of the vertical change in temperature of the air, the wind speed and the type of surface 

over the area of interest.   Stabilities are characterised into the following categories: 

 Neutral: mechanical turbulence is neither enhanced nor inhibited; 

 Unstable: Where turbulence is enhanced; and 

 Stable: Where the atmosphere inhibits mechanical turbulence. 

Stability classes (Pasquill classes) can be defined for various meteorological instances, as functions of wind 

speed and solar radiation. Commonly, six Pasquill stability classes are defined: 

 

Table 2.8: Pasquill Stability Classes and descriptions 

 Stability Class Description of Stability 

1. A Very Unstable 

2. B Unstable 

3. C Slightly unstable 

4. D Neutral 

5. E Stable 

6. F Very stable 

 

The stability classes can be related to several driving forces: wind speed, solar radiation and cloud cover as 

follows: 

Table 2.9: Relating Stability Classes to wind speed, cloud cover and solar radiation 

 

                                                        

2 AirWare Online Reference Manual: Pasquill Stability Classes, Release Date 2007 06, Revision Level 1.1.  Retrieved from 

http://www.ess.co.at/MANUALS/AIRWARE/stability_class.html on 23 March 2018. 

http://www.ess.co.at/MANUALS/AIRWARE/stability_class.html
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2.5.3.2 Stability Classes and wind speeds used in this Assessment 

To represent a range of weather conditions possible at the site, and in accordance with SANS 1461:2018, the 

following stability classes and wind speeds were used in this assessment along with the corresponding time of 

day: 

 F stability, 1.5 m/s wind (Night) @ 11.8 oC; 

 B stability, 3 m/s wind (Day) @ 22.7 oC; 

 D stability 5 m/s wind (Night) @ 11.8 oC; 

 D stability 9 m/s wind (Day) @ 22.7 oC. 
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3 SITE-SPECIFIC INHERENTLY SAFER DESIGN 

This section provides a forum for discussion of issues discovered by MMRisk either during the site visit or during 

the modelling and reporting exercise.  The purpose of the section is to emphasise those areas which might 

require improvement in order to make the design inherently safer.  Alternatively, it is also a forum where MMRisk 

may raise issues of commendable safety-practice which go above and the beyond the respective requirements. 

Because the site is in design stage, several preventive and mitigation measures have been identified in this 

assessment.  Some of these measures have been made into recommendations for consideration by the design 

team to ensure risk is reduced to a level as low as reasonably practicable (ALARP). 
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4 RISK ANALYSIS AND ASSESSMENT METHODOLOGY 

“Risk is a combination of consequence and likelihood of occurrence.” 

The MHI Risk Assessment was conducted using the methodology described in Figure 4.1.  The SANS 

1461:2018 standard (Major Hazard Installation – Risk Assessments) was used as a basis for calculation.  The 

standard prescribes the methodology to be followed when conducting MHI Risk Assessments, including 

methods for identifying hazards, conducting consequence and frequency analysis, performing risk summation, 

assessing risk outcome (the standard provides risk tolerability criteria), demonstrating that risk is As Low As 

Reasonably Practicable (ALARP) and types of Risk to be communicated in the MHI Risk Assessment report. 

 

 

Figure 4.1 Risk Assessment Methodology 

 

4.1 Inherently Safer Design  

“Are there opportunities to make the process safer by design, free of hazards as much as possible?” 

Using the concept of Inherently Safe Design and Operation, MMRisk observed operations, information and 

descriptions as given at the site visit and formed an opinion on possible areas of change which may lead to a 
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design and operations which are inherently safe.  The Inherently Safer review included looking for opportunities 

to: 

 Minimise: Finding opportunities to reduce inventories of hazardous materials; 

 Substitute: Finding opportunities to substitute hazardous materials with less hazardous ones; 

 Moderate: Where appropriate, finding opportunities to operate at less hazardous conditions which are 

far from equilibrium for the materials handled, e.g. less pressure, less temperature. 

 Simplify: Simplify activities where possible to reduce the opportunities for failure. 

 

4.2 Hazard Identification 

“What major hazards exist on site? What can go wrong?” 

Hazard Identification (HAZID) followed the widely used methodology involving the segregation of the process 

into nodes or constituents’ parts or individual installations and investigating each node/ part/ installation to 

identify hazards which are inherent in the process as well as their causes, consequences and possible 

mitigation measures.  This is a high level review described in SANS 1461:2018 “Major Hazard Installation Risk 

Assessments”. 

The HAZID was performed remotely by MMRisk and the results are communicated in Section 5 of this study. 

   

4.3 Consequence Analysis 

“Were hazards to be realised, what would be effects of major incidents occurring?” 

This section details the major incidents associated with the types of installations and/or hazardous materials 

present onsite, potential incidents and the consequences of those incidents. 

4.3.1 Pool Fire Modelling 

Ethanol presents a pool fire hazard and as such modelling was performed to determine which of the installations 

present would a significant risk to members of the public and employees. 

Pool fires occur when a pool of flammable liquid is formed on the ground and ignited.  Bunded or kerbed areas 

have to be taken into account to determine the size of the pool and the effects. 

The following endpoints were modelled in line with SANS 1461:2018: 

 37.5 kW/m2 representing a 100% fatality probability for those exposed and ignition of wood, textiles, 

fibreboard, hardboard and plastics.  This also corresponds with severe damage to process equipment, 

possible domino effects and large numbers of fatalities. 

 12.5 kW/m2 representing minor damage to process equipment and less than 1 % fatalities; and 
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 6.3 kW/m2 representing a radiation level useful for emergency response planning. People exposed to 

this radiation level or more for more than 2 minutes may encounter problems with escape and 

evacuation and therefore be at risk of injury and death. 

Pool fire modelling was conducted using DNVGL Phast and Safeti version 6.7. 

4.3.2 Jet Fires 

DME and R152a present a jet fire hazard due to pressurised storage and the properties of the materials.  If a 

leak were to occur through one of the pieces of equipment carrying either of these materials at pressure, a 

vapour, or two phase release would occur and if immediately ignited would result in a jet flame whose length 

would be driven by pressure in the system. 

The jet flame would result in thermal radiation effects from the flame itself to some distance away from the 

flame.  Individuals, structures and equipment would be exposed to that thermal radiation level, with those 

indoors being afforded some protection from the radiation effects. 

The following endpoints were modelled in line with SANS 1461:2018: 

 37.5 kW/m2 representing a 100% fatality probability for those exposed and ignition of wood, textiles, 

fibreboard, hardboard and plastics.  This also corresponds with severe damage to process equipment, 

possible domino effects and large numbers of fatalities. 

 12.5 kW/m2 representing minor damage to process equipment and less than 1 % fatalities; and 

 6.3 kW/m2 representing a radiation level useful for emergency response planning. People exposed to 

this radiation level or more for more than 2 minutes may encounter problems with escape and 

evacuation and therefore be at risk of injury and death. 

4.3.3 Flash Fire and Vapour Cloud Explosion Modelling 

When a release occurs through a pressurised gaseous or two-phase system containing flammable material, a 

vapour cloud can be dispersed over the area surrounding the source.  The cloud disperses because to 

turbulence due to its interaction with the surrounding air.  In the process the concentration of flammable vapour 

in air reduces over distance and over time.  For flammable vapours two concentrations are of interest – the 

lower flammability limit (LFL) concetration and the upper flammability limit (UFL) concentration.   

Vapour which disperses to concentration levels between the LFL and the UFL is said to be between its 

flammability limits and is considered to have the possibility of igniting.  Flammable vapour with concentrations 

below the LFL or above the UFL is considered to not have the possibility of igniting due to too little vapour fuel, 

or too little oxygen (respectively) to sustain a fire. 
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4.3.3.1 Flash Fire Effects [3,4] 

Flash Fires result when ignition of a flammable cloud occurs in the absence of a significant level of confinement 

and/or congestion and the effects are dominated by thermal radiation.  Two concentration levels: the lower 

flammability limit (LFL) as well as half (1/2) of the LFL are considered important for risk calculation.  For those 

exposed in the event of a flash fire, the effects would differ depending upon their location indoors or outdoors: 

Impact on people located outdoors: 

 Those located within the LFL contour would develop deep burns over a major part of their body, 

especially if no personal protective equipment (PPE) is worn.  Those exposed would almost certainly 

suffer fatal injury due to the superheating effect of a flash fire and the generation of toxic and 

superheated combustion products (100% fatality probability); 

 

 Those located between the LFL and ½ LFL contours would still be at risk of fatal injury due to the 

presence of flammable pockets of gas and would be considered to have a 20% probability of suffering 

fatal injury (20% fatality probability). 

Impact on people located indoors: 

 For those located within the LFL contour indoors, the thermal impact on buildings may result in parts 

of the building catching alight.  The generation of combustion products indoors is also important, and 

as a result, those indoors would have a 30% probability of fatality; 

 

 For those between the LFL and ½ LFL contours the probability of death for those indoors is considered 

negligible. 

4.3.3.2 Vapour Cloud Explosions 

When a flammable vapour cloud ignites in the presence of significant confinement, the rapid release of 

combustion gases results in a rapid build-up of pressure which results in the generation of a blast wave.  When 

a flammable vapour ignited in the presence of significant or congestion, the obstacles causing the congestion 

result in flame acceleration which results the generation of a pressure wave, resulting in a vapour cloud 

explosion. 

Table 4.1 presents the effects of explosion overpressure, based on observations from previous incidents. 

Table 4.1: Explosion Overpressure effects (TNO Green Book [3]) 

Description of Damage Peak overpressure (kPa) 

The roof of a storage tank has collapsed 7 

                                                        

3 The Netherlands Organisation for Applied Scientitic Research (TNO), Green Book, Methods for determination of possible damage, 

CPR16E, Den Haag, 1992. 
4 Mannan, Sam. (2012). Lees’ Loss Prevention in the Process Industries, Volumes 1-3 - Hazard Identification, Assessment and Control 

(4th Edition). Elsevier. Retrieved from  

https://app.knovel.com/hotlink/toc/id:kpLLPPIVH2/lees-loss-prevention/lees-loss-prevention 
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Description of Damage Peak overpressure (kPa) 

Connections between steel or aluminium ondulated plates have failed. 

Minor damage to process equipment and less than 1% fatalities 

7 – 14 

Minor damage to steel frames 8 - 10 

Walls made of concrete blocks have collapsed 15 – 20 

Collapse of steel frames and displacement of foundation 20 

Industrial steel self-framing structure collapsed. 

Cracking in empty oil storage tanks. 

Slight deformation of a pipe bridge. 

20 – 30 

Large trees have fallen down 20 - 40 

Cladding of light industry building ripped-off 30 

Plating of cars and trucks pressed inwards. 

Breakage of wooden telephone poles. 

Severe damage to process equipment, possible domino effects, large 

numbers of fatalities. 

35 

Displacement of a pipe bridge, breakage of piping 35 - 40 

Collapse of a pipe bridge 40 - 55 

Brickstone walls, 20 – 30 cm, have collapsed. 

Loaded train carriages turned over. 

50 

Displacement of a cylindrical storage tank, failure of connecting pipes 50 - 100 

The supporting structure of a round storage tank has collapsed 100 

 

4.4 Frequency Analysis 

“What is the likelihood that the hazards identified, will be realised?” 

Frequency analysis relates to the likelihood that an event will occur.  This likelihood is based upon previous 

accidents for similar materials and equipment, and the manner of failure.  Often such previous accident data is 

summarised in the form of frequency databases.  In this study, the likelihood of events occurring was based on 

frequency information from the BEVI publication [5]. This is shown in the table which follows. 

 

 

                                                        

5 Dutch National Institute of Public Health and the Environment (RIVM), Centre for External Safety in their publication Reference Manual 

Bevi Risk Assessments version 3.2 of July 2009. 
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Table 4.2: Generic frequency information 

Equipment Description Release Description 
Base 

Frequency 

Fixed storage or processing units at atmospheric 

pressure or lower (for example, tanks, blending 

vessels) and atmospheric transport units (for 

example, standard road tankers, intermediate bulk 

containers (IBCs) 

1a) Catastrophic rupture (with bund overtopping 

if 

necessary). 

5.00E-06 

1b) ROAD TANKER Instantaneous release of 

contents (Each compartment is considered a 

tank so frequency is divided by the number of 

compartments) 

1.00E-05 

2) Entire contents released in 10 min or large 

hole in 

the processing unit (a large hole is typically the 

size of the largest appurtenance on the 

processing unit). 

5.00E-06 

3) Small hole in vessel (leak typically 10 mm 

diameter). 
1.00E-04 

4a) Overfilling (if applicable). *OGP Data 

(Storage Frequencies), from LASTFIRE, 19% of 

spills outside the bund were from Overfill events 

5.32E-04 

4b) Overfilling frequency from Massimo et al. 3.80E-04 

4c) Overfill frequency API 353 1.00E-04 

Fixed storage or processing units classified as 

pressure vessels (for example, reactors, storage 

spheres) and pressurized transport units (for 

example, pressurized road tankers, cylinders) 

1) Catastrophic rupture with instantaneous 

failure (including a boiling liquid expanding 

vapour explosion (BLEVE) where 

applicable). 

5.00E-07 

2) Entire contents released in 10 min or 

large hole in the processing unit (a large 

hole is typically the size of the largest 

appurtenance on the processing unit). 

5.00E-07 

3) Small hole in vessel (leak typically 10 mm 

diameter). 1.00E-05 

4) Pressure safety valve release (if 

applicable). 2.00E-05 

Pipe, hose, arm (onsite pipelines) 

PER METRE PER YEAR 

1) Pipeline, hose, arm full bore rupture. 1.00E-07 

2) Small hole in pipeline, hose, arm (typically a 

leak 

with effective diameter of 10 % to 50 % of the 

pipeline diameter). 

5.00E-07 

Pumps Catastrophic failure 1.00E-04 
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Equipment Description Release Description 
Base 

Frequency 

Leak (10 % diameter) 4.40E-03 

 

Furthermore, frequency data published is often generic and several facility-specific factors have to be taken 

into account.  This was done in this study by way of event tree analysis.  Frequency modelling was carried out 

in DNVGL Safeti version 6.7, including Event Tree Analysis to determine the likelihood of the various events. 

Details of frequencies used in the study are provided in Section 8. 

 

4.5 Risk Summation and Assessment 

“The combination of consequence and likelihood are combined and reported here.” 

Risk summation was carried out using DNV Safeti version 6.7 and individual risk and societal risk were reported.  

Once risk is calculated, it has to be assessed against standing criteria.  In this study, assessment was performed 

against the acceptability criteria defined by the UK HSE as follows. 

4.5.1 Individual Risk Acceptability Criteria 

Individual Risk represents the chance that an individual will experience fatal injury as a result of major accidents 

emanating from site.  The risk can be ‘acceptable’ or ‘unacceptable’ depending on its magnitude.  Individual 

Risk tolerability or acceptability is based upon data from the UK HSE in their publication ‘Reducing Risk 

Protecting People (R2P2)’ [6].  Individual Risk can be categorised into various regions as illustrated in Risk 

calculated to be below the 1 x 10-5 / year is considered broadly acceptable for workers, while risk below 1 x 

10-6 / year is considered broadly acceptable for members of the general public. 

                                                        

6 The Health and Safety Executive (HSE), Reducing risks, protecting people – HSE’s decision-making process, Norwich 2001. 
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Figure 4.2. 

4.5.1.1 Intolerable Risk for workers 

Individual Risk calculated to be at or above the 1 x 10-3 /year level is considered intolerable for all individuals, 

including workers at industrial sites.  Workers at industrial sites are able to withstand a higher level of risk than 

members of the general public because they tend to be organised and drilled in emergency response, generally 

healthier and mobile and tend to be equipped with personal protective equipment (PPE). 

4.5.1.2 Intolerable Risk for members of the public 

Individual Risk calculated to be at or above the 1 x 10-4 /year level is considered intolerable for members of the 

general public.  This level assumes a theoretical individual present for 24 hours per day and 365 days per 

annum at a location. 

4.5.1.3 Risk Tolerable if ALARP 

Risk calculated to be between the 1 x 10-6 /year and either the 1 x 10-4 /year (general public) or the 1 x 10-3 

/year levels, can be tolerated if proven to be ‘ALARP’.  The phrase ‘ALARP’ stands for As Low As Reasonably 

Practicable.  In this region, illustrated in Risk calculated to be below the 1 x 10-5 / year is considered broadly 
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acceptable for workers, while risk below 1 x 10-6 / year is considered broadly acceptable for members of the 

general public. 

 

Figure 4.2, risk can be tolerated if it can be proven by site that it has considered options for reducing the risk 

further that the costs of any measures to further reduce risk are grossly disproportionate to the risk reduction 

benefits gained. 

4.5.1.4 Broadly Acceptable Risk 

Risk calculated to be below the 1 x 10-5 / year is considered broadly acceptable for workers, while risk below 1 

x 10-6 / year is considered broadly acceptable for members of the general public. 
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Figure 4.2: Individual Risk Acceptability Criteria [6] 

 

4.5.2 Societal Risk Acceptability  

Societal Risk has been presented in this report in the form of an FN Curve.  FN Curves are defined in the CMPT 

publication [7] as plots showing frequency of events vs the number of fatalities arising from those events.  They 

display cumulative frequencies (F) of events involving N or more fatalities.  They are useful illustrations the 

relationship between frequency and size of the accident. 

FN Curves often contain risk tolerability criteria; the criteria used in this study was derived from the UK HSE [6] 

and is illustrated in Figure 4.3.  The tolerability criteria are illustrated here using two straight lines (red and blue).  

The region above the red line indicates a region of intolerable risk, the area below the blue line indicates an 

area of broadly acceptable risk.  Societal risk located between these lines can be tolerated if it is ALARP. 

                                                        

7 Spouge J, Centre for Marine and Petroleum Technology (CMPT), A Guide To Quantitative Risk Assessment 

for Offshore Installations, 1999. 
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Figure 4.3: An example of an FN Curve showing societal risk acceptability limits 

4.5.3 Land Use Planning 

Risk was used in this study as a basis for making land use judgments and providing land use advice.  The 

approach is based on the approach defined in SANS 1461:2018 to land use planning which summarises as 

follows. 

4.5.3.1 STEP 1: Consultation Zones 

The standard defines three consultation zones: an outer zone, middle zone and inner zone, illustrated in Figure 

4.4.  Each of the zones is defined according to an individual risk level, as shown in the figure.  Once the zones 

are determined, the appropriateness of land uses or potential land uses in each zone can be determined 

through a classification of types of land uses. 
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Figure 4.4: SANS 1461:2018 Land Use Planning Consultation Zones 

 

4.5.3.2 STEP 2: UK HSE’s Classification of land uses 

Land uses can be separated on the basis of their sensitivity to major incidents, as follows: 

Table 4.3: Land Use Sensitivity Levels and Descriptions 

Sensitivity Level Type of Land Use 

Level 1 Based on normal working population 

Level 2 Based on the general public – at home and involved in normal activities 

Level 3 Based on vulnerable members of the public (children, those with mobility difficulties 

or those unable to recognize physical danger 

Level 4 Large examples of Level 3 and outdoor examples of Level 2 
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4.5.3.3 STEP 3: Land Use Advice based on Sensitivity and Consultation Zones 

Once the consultation zones and sensitivity levels have been determined, one can provide advice as to whether 

a type of development can go ahead based on the following guidance: 

Sensitivity Level Development in Inner 

Zone 

Development in Middle 

Zone 

Development in Outer 

Zone 

Level 1 Do Not Advise Against 

(DAA) 

Do Not Advise Against 

(DAA) 

Do Not Advise Against 

(DAA) 

Level 2 Advise Against (AA) Do Not Advise Against 

(DAA) 

Do Not Advise Against 

(DAA) 

Level 3 Advise Against (AA) Advise Against (AA) Do Not Advise Against 

(DAA) 

Level 4 Advise Against (AA) Advise Against (AA) Advise Against (AA) 

 

 

4.6 Risk Treatment 

“The major risk issues are highlighted and methods for reducing risk are suggested and assessed.” 

Following the risk assessment stage, all scenarios resulting in intolerable risk and risk which can be tolerable if 

proven to be ALARP, were analysed further in the Demonstration of ALARP stage.  In this stage, options for 

risk reduction were considered, criteria for deciding between these options (which may include cost) as well as 

the resulting decrease in risk if each option is applied. 

Should the client require a detailed comparison between options including a cost benefit analysis, this shall be 

conducted separately. 
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5 HAZARD IDENTIFICATION 

“What major hazards exist on site? What can go wrong?” 

5.1 Hazardous Materials onsite 

The hazardous materials handled onsite are listed in the table below along with their dangerous goods 

classification and their physical characteristics. 

 

Table 5.1: Hazardous materials stored onsite 

Name UN/ CASRN 

number 

Storage 

capacity (m3) 

SANS 10228 

category 

Physical characteristics 

Carbon dioxide 124-38-9 22 Class 2.2 Vapour at room temperature, stored 

onsite as a liquid 

Dimethy Ether 

(DME) 

115-10-6 44 Class 2.1 Vapour at room temperature, stored 

onsite at liquid-vapour equilibrium 

R-152a 

(difluoroethane) 

75-37-6 9 Class 2.1 Vapour at room temperature, stored 

onsite at liquid-vapour equilibrium 

Ethanol 64-17-5 9 Class 3 Liquid at room temperature 

 

It should be noted that another material, known as Brominated SBS, was considered a dangerous good from 

the perspective of the National Environmental Management Act (NEMA) for the purposes of the environmental 

authorisation underway at the time of writing.  However, from an MHI perspective, while the material’s MSDS 

describes it as ‘Benzene, ethenyl-, polymer with 1,3-butadiene, brominated’, due to the material’s high melting 

point it was not considered a hazardous material for the purposes of the Risk calculations carried out herein. 

5.2 Containment systems for analysis 

The system is still under design and it was assumed by MMRisk that the only system to have a bund was 

Ethanol.  The bund was assumed to have been designed to SANS standard such that the bund was capable of 

carrying 110% of the Ethanol maximum storage. 

 

5.3 Safety systems for prevention and mitigation of major incidents 

There is an existing fire-fighting system onsite, consisting of a fire pump, hydrants, hose reels, extinguishers.  

The system will be required to be checked for functionality and signed off by the Fire Department (City of Cape 

Town). 
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5.4 Description of system isolatable sections 

Hazardous materials were divided up into sections and each section modelled separately as follows: 

 Road tankers and hoses; 

 Storage tanks/ vessels; and 

 Pipework to the process. 

5.5 Details of isolation and other safety systems 

Apart from the measures to be introduced by the suppliers of the various materials to be stored onsite, the 

number of isolation and other safety systems identified is limited.  As part of this assessment several preventive 

and mitigation measures have been identified.  Some of these measures have been made into 

recommendations for consideration by the design team to ensure risk is reduced to a level as low as reasonably 

practicable (ALARP). 
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6 HAZARD ANALYSIS 

6.1 List of scenarios modelled 

The following scenarios were modelled in line with the requirements of the SANS 1461:2018 standard.  These 

scenarios are based on previous accidents in industry and they range in terms of probability of occurrence.  

The frequency data associated with each scenario is elaborated further in Section 8.1. 

Table 6.1: List of scenarios considered in the QRA 

Equipment Description Release Description 

Fixed storage or processing units at atmospheric 

pressure or lower (for example, tanks, blending 

vessels) and atmospheric transport units (for 

example, standard road tankers, intermediate bulk 

containers (IBCs) 

1a) Catastrophic rupture (with bund overtopping if 

necessary). 

1b) ROAD TANKER Instantaneous release of 

contents (Each compartment is considered a tank so 

frequency is divided by the number of compartments) 

2) Entire contents released in 10 min or large hole in 

the processing unit (a large hole is typically the 

size of the largest appurtenance on the 

processing unit). 

3) Small hole in vessel (leak typically 10 mm 

diameter). 

4a) Overfilling (if applicable). *OGP Data (Storage 

Frequencies), from LASTFIRE, 19% of spills outside 

the bund were from Overfill events 

Fixed storage or processing units classified as pressure 

vessels (for example, reactors, storage spheres) and 

pressurized transport units (for example, pressurized road 

tankers, cylinders) 

1) Catastrophic rupture with instantaneous failure 

(including a boiling liquid expanding vapour explosion 

(BLEVE) where applicable). 

2) Entire contents released in 10 min or large hole in 

the processing unit (a large hole is typically the size of 

the largest appurtenance on the processing unit). 

3) Small hole in vessel (leak typically 10 mm 

diameter). 

4) Pressure safety valve release (if applicable). 

Pipe, hose, arm (onsite pipelines) 

PER METRE PER YEAR 

1) Pipeline, hose, arm full bore rupture. 

2) Small hole in pipeline, hose, arm (typically a leak 

with effective diameter of 10 % to 50 % of the 

pipeline diameter). 

Pumps 
Catastrophic failure 

Leak (10 % diameter) 
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6.2 Description of causes, consequences, preventive and mitigative measures 

A description of the probable causes, end consequences and potential prevention and mitigation measures, 

associated with the release scenarios described in Section 6.1 is provided in Table 6.2. 

Table 6.2: Description of causes, consequences and protective measures 

Cause Prevention measures Top Event/ 

Scenario 

Mitigation measures End Consequence(s) 

- Onsite road 

traffic accident 

(e.g. 

overturned 

vehicle) 

- decoupling of 

hose 

connections 

- Hole through 

tanker shell 

from impact or 

corrosion 

- Road tankers to be 

designed to SANS 1518 

and adequately maintained 

(service providers to 

confirm) 

(Recommendation) 

- Operator presence at all 

times during offloading 

(Recommendation) 

Road tanker 

loss of 

containment 

(all materials) 

- Drained area for tanker 

offloading linked to a 

separator system 

(Recommendation) 

- Emergency Stop Buttons 

(Recommendation) 

- Dispersion of 

flammable or 

asphyxiating vapours 

- Pool Fire (ethanol 

loss of containment) 

- Contamination of 

soil and groundwater 

from liquid spills 

- Possible injury and 

fatality of personnel 

and public as a result 

of the above. 

- Corrosion 

leading to leaks 

through shells 

- Impact from 

other 

equipment or 

personnel 

- Inspections as per 

relevant SANS standards 

(Recommendation) 

- Barriers between tanks 

and pathways and other 

equipment 

(Recommendation) 

Blowing 

Agents’ 

Storage losses 

of containment 

- Bunding and 

containment 

- Gas detection systems 

- Emergency shutdown 

systems 

- Possible 

compartmentalisation of 

tanks to prevent complete 

loss of material 

(Recommendations) 

- Dispersion of 

flammable or 

asphyxiating vapours 

- Pool Fire (ethanol 

loss of containment) 

- Contamination of 

soil and groundwater 

from liquid spills 

- Possible injury and 

fatality of personnel 

and public as a result 

of the above. 

- Corrosion 

leading to leaks 

through shells 

- Impact from 

other 

equipment or 

personnel 

- Inspections as per 

relevant SANS standards 

- Pipe racks and barriers 

between pipes and 

personnel/ other equipment 

- Clear routes for personnel 

and equipment movement 

 

Blowing 

Agents’ piping 

losses of 

containment 

- Drainage areas below 

pipework as much as 

practical 

- Gas detection systems 

- Emergency shutdown 

systems 

(Recommendations) 

- Dispersion of 

flammable or 

asphyxiating vapours 

- Pool Fire (ethanol 

loss of containment) 

- Contamination of 

soil and groundwater 

from liquid spills 

- Possible injury and 

fatality of personnel 

and public as a result 

of the above. 

- Mechanical 

breakdowns 

- Adequate training 

- Maintenance of 

XPS Machine 

breakdowns 

- Emergency Stop Buttons 

along the machine in case 

- Dispersion of 

flammable or 
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Cause Prevention measures Top Event/ 

Scenario 

Mitigation measures End Consequence(s) 

- Incorrect 

operation of 

machinery 

equipment to maintain 

functionality 

and losses of 

containment 

of release 

- Functional sprinkler 

systems in the building 

- Gas detection systems in 

the building 

- Adequate ventilation in 

factory building 

asphyxiating vapours 

- Pool Fire (ethanol 

loss of containment) 

- Contamination of 

soil and groundwater 

from liquid spills 

- Possible injury and 

fatality of personnel 

and public as a result 

of the above. 

- Fire within the 

storage area 

(e.g. electrical 

fire) 

- Ignition control within XPS 

storage area 

- Adequate separation of 

XPS storage area from 

other flammable materials. 

XPS product 

fires 

- Heat detection in storage 

area 

- Sprinkler system in the 

XPS storage area 

- Dispersion of PAHs 

and carbon 

monoxide into the 

surroundings. 

 

 

6.3 Organisational measures in place at the site 

Swartland Investments (Pty) Ltd operates a number of operations throughout South Africa and in other locations 

within Africa.  At all their operations Health, Safety and Environment protection policies and procedures.  The 

same set of policies and procedures will be applied at the Site. 

MMRisk is of the opinion that the policies and procedures to be applied at the Site are adequate for the 

operations envisaged and no additional measures are recommended at this time. 

6.4 Requirements in terms of Environmental Conservation Act, 1989 

The Environment Conservation Act of 1989 has been largely replaced by the National Environmental 

Management Act, 1998 (NEMA) (however, MMRisk understands that several provisions still stand). 

The site is currently undergoing a Basic Assessment Environmental Authorisation through the Western Cape 

Department of Environmental Affairs and Development Planning (DEADP).  This report forms part of the 

envisaged specialist studies. 
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7 CONSEQUENCE ANALYSIS 

“If things do go wrong onsite, what is the extent of the potential damage?” 

7.1 Major Accident scenarios 

The scenarios described in Section 6.1 were taken forward to consequence modelling using the DNVGL Phast 

Version 6.7, software. 

7.2 Key process data for major scenarios 

Key process data for major accident scenarios was captured in Section 2.4: Process Description. 

7.3 Consequences for Carbon dioxide 

Releases of carbon dioxide might be from leaks or catastrophic rupture of the storage vessel, road tanker during 

delivery, as well as pipework to the process. 

The worst case consequence contour for CO2 is that of a catastrophic rupture of the storage vessel in high 

wind conditions (9 m/s and D weather stability).  The maximum extent of the contour is 29 metres downwind, 

as illustrated in Figure 7.1. 

The contour would extend offsite, over the empty site to the east.  The catastrophic rupture event is likely to be 

short-lived, only a matter of seconds, and so the impact is likely to be of a lesser extent, in reality. 

Inside the contour, a 1% fatality probability can be expected; the cloud is expected to affect those who are 

unable to escape, for example, those who may be trapped in the area. 
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Figure 7.1: Carbon dioxide vessel catastrophic rupture – 1% fatality 

 

7.4 Consequences for DME 

7.4.1 Jet fire consequences 

The DME will be stored at pressure and as such, any releases would result in 2-phase releases as the 

pressurised liquid flashes and forms a vapour.  The initial pressure of 4 barg would provide enough momentum 

for a jet fire to form.  Were a jet fire to form, thermal radiation would be emitted with resulting contours as 

illustrated in Figure 7.2 for a scenario in which the contents of the storage vessel are emptied in 10 minutes.  

The contours shown in the figure are for a wind speed of 3 m/s, a case where little wind entrainment would 

occur and the momentum of the jet itself would dominate.  Contours are expected to reach offsite, with 

significant impact on the buildings onsite.  If unmitigated, effects would result in possible knock-on effects 

including ignition of onsite buildings, major damage to equipment and significant chance of death for personnel 

and members of the public (for the 37.5 kW/m2). 
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Were the event to take place, neighbours Golden Era, the construction site to the south of Charles Matthews 

Street, and parts of Bokomo would have to evacuate to locations beyond the 6.3 kW/m2 contour. 

 

 

Figure 7.2: DME vessel failure jet fire contours (B 3 m/s weather) 

7.4.2 Flash Fire consequences 

Were the DME vessel to fail catastrophically, there would likely be a flammable vapour cloud which would form 

over the surrounding area.  Were this cloud to ignite in the absence of significant congestion / confinement, the 

contours shown in Figure 7.3 could result.  The contour assumes a uniform wind direction distribution, i.e. wind 

could be blowing from any direction and the maximum extent of the lower flammability limit (LFL) and half the 

LFL (1/2 LFL) contours would be as shown in the figure.  As was the case with jet fires, there would be significant 

impact over the site as well as over Golden Era (north), the construction site to the south and Bokomo Foods, 

also to the south of the site.  Flash fires would be expected to ignite parts of buildings and lead to fires in 

buildings and loss of containment of adjacent hazardous installations and damage to product stored onsite. 
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Figure 7.3: DME vessel catastrophic failure - Flash Fire consequence results (F 1.5 m/s weather) 

7.4.3 Vapour Cloud Explosion consequences 

Were the vapour cloud generated as a result of the catastrophic release described in Section 7.4.2 to encounter 

congestion or confinement, a vapour cloud explosion could result with the potential overpressure contours seen 

in Figure 7.4.  Within the 0.35 barg contour collapse of brick walls can be expected, as well as significant 

damage to equipment.  Within the 0.14 barg contour steel structures have been known to fail.  Such impacts 

would be seen onsite as well as offsite (with potential impact on the empty plot to the east of the site, Bokomo 

Foods, the facility under construction south of the site across Charles Matthews Street, as well as Golden Era 

to the north). 
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Figure 7.4: Vapour cloud explosion contours from DME vessel catastrophic rupture 

 

7.5 Consequences for R152a 

7.5.1 R152a jet fire consequences 

The worst case jet fire consequences for releases associated with R152a storage were from a scenario where 

the entire vessel contents were emptied within 10 minutes; the resultant thermal radiation contours are shown 

for a low wind speed of 1.5 m/s, assuming a uniform wind direction distribution, i.e. the wind could be blowing 

from any direction.  The contours indicate significant jet fire impact on the storage and staging areas of the 

plant, with expected damage to equipment and stored product and raw materials in the vicinity.  Because the 

XPS machine would be located indoors there would be less exposure to thermal radiation, however, thermal 

damage to site buildings is expected to occur, which could result in ignition of buildings and further damage 

with the potential for injuries and fatalities.  Impact would be seen over the empty plot to the east of the site as 

well as over the servitude to the north of the site. 
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Figure 7.5: R152a vessel leak jet fire radiation contours (F 1.5 m/s weather) 

7.5.2 R152a flash fire consequences 

Were the release described in Section 7.5.1 to not ignite immediately, build-up of vapour would take place in 

the vicinity and if that were to ignite belatedly and in the absence of significant congestion and confinement, a 

flash fire would result with the LFL and ½ LFL extending as shown in Figure 7.6.  Less damage would be 

expected as compared to the DME flash fire consequences described in Section 7.4.2.  However, within the 

LFL contour there may be severe damage to equipment and stored products and raw materials.  The damage 

would affect those offsite, the contours extend beyond the site boundary over the empty plot to the east of the 

site. 
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Figure 7.6: R152a Flash Fires from fixed duration release through vessel (F 1.5 m/s weather) 

 

7.5.3 R152a vapour cloud explosion consequences 

Were a catastrophic rupture of the R152a vessel to occur the released vapour would disperse over a distance 

and if it reached an ignition source and in the presence of confinement and congestion, could result in a vapour 

cloud explosion with overpressure being generated as shown in Figure 7.7.  Within the 0.35 barg contour 

collapse of brick walls can be expected, as well as significant damage to equipment.  Within the 0.14 barg 

contour steel structures have been known to fail.  Such impacts would be seen onsite as well as offsite with 

potential for offsite (i.e. public) injury and death.  The majority of impact would be to the east of the site, over 

the plot that is currently empty. 



 
 

 

Sw01-REP-MHI-1 MHI Assessment Report: Swartland Atlantis XPS Plant 

 

Page 57 of 71 

 

 

Figure 7.7: R152a Vapour Cloud Explosion contours – catastrophic storage vessel catastrophic failure 
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8 FREQUENCY ANALYSIS 

“The likelihood of things going wrong is analysed in this section.” 

Frequency analysis means the analysis of the likelihood that an event will occur.  There are several techniques 

possible to determine the likelihood of events taking place.  The technique used in this report is based on 

previous accidents.  Scenarios are based on previous losses of containment and have been summarised in the 

SANS 1461:2018 standard.  Frequencies of failure published in the BEVI publication [5] (Module C Section 3 of 

that publication) were applied. 

This likelihood is based upon previous accidents for similar materials and equipment, and the manner of failure. 

Furthermore, frequency data published is often generic and several facility-specific factors have to be taken 

into account.  This has been done in this study by way of event tree analysis, which will be elaborated further 

in this section. 

8.1 Failure data used 

The following base frequency data was applied in the study:  

Table 8.1: Base Frequencies applied to modelling scenarios 

Equipment Description Release Description 
Base 

Frequency 

Fixed storage or processing units at atmospheric 

pressure or lower (for example, tanks, blending 

vessels) and atmospheric transport units (for 

example, standard road tankers, intermediate 

bulk 

containers (IBCs) 

1a) Catastrophic rupture (with bund 

overtopping if 

necessary). 

5.00E-06 

1b) ROAD TANKER Instantaneous release 

of contents (Each compartment is 

considered a tank so frequency is divided 

by the number of compartments) 

1.00E-05 

2) Entire contents released in 10 min or 

large hole in 

the processing unit (a large hole is typically 

the 

size of the largest appurtenance on the 

processing unit). 

5.00E-06 

3) Small hole in vessel (leak typically 10 

mm 

diameter). 

1.00E-04 

4a) Overfilling (if applicable). *OGP Data 

(Storage Frequencies), from LASTFIRE, 
5.32E-04 
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Equipment Description Release Description 
Base 

Frequency 

19% of spills outside the bund were from 

Overfill events 

4b) Overfilling frequency from Massimo et 

al. 
3.80E-04 

4c) Overfill frequency API 353 1.00E-04 

Fixed storage or processing units classified as 

pressure vessels (for example, reactors, storage 

spheres) and pressurized transport units (for 

example, pressurized road tankers, cylinders) 

1) Catastrophic rupture with instantaneous 

failure (including a boiling liquid expanding 

vapour explosion (BLEVE) where 

applicable). 

5.00E-07 

2) Entire contents released in 10 min or 

large hole in the processing unit (a large 

hole is typically the size of the largest 

appurtenance on the processing unit). 

5.00E-07 

3) Small hole in vessel (leak typically 10 

mm diameter). 
1.00E-05 

4) Pressure safety valve release (if 

applicable). 
2.00E-05 

Pipe, hose, arm (onsite pipelines) 

PER METRE PER YEAR 

1) Pipeline, hose, arm full bore rupture. 1.00E-07 

2) Small hole in pipeline, hose, arm 

(typically a leak 

with effective diameter of 10 % to 50 % of 

the 

pipeline diameter). 

5.00E-07 

Pumps 
Catastrophic failure 1.00E-04 

Leak (10 % diameter) 4.40E-03 

 

8.2 Determining final frequency of each failure scenario 

8.2.1 Fraction of year hazard exists onsite 

For several of the scenarios, shown in Section 2.4, if the hazards were not present for 100% of the year, a 

factor would be multiplied to the base frequency according to the time present on site. 



 
 

 

Sw01-REP-MHI-1 MHI Assessment Report: Swartland Atlantis XPS Plant 

 

Page 60 of 71 

 

These factors are summarised in Section 2.4 described as “% time hazard present on-site” in the various 

descriptions of operations on-site. 

8.2.2 Event Tree Analysis 

Event Tree Analysis is a process which allows for the application of control factors to release scenarios to 

reduce their frequency of occurrence.  In this technique the base frequencies (see Section 8.1) are multiplied 

by their respective control factors.  Categories include the probability of immediate or delayed ignition, and/or 

the probability that no ignition will occur.  Event trees were used for instantaneous as well as continuous 

releases of LPG as shown in the figures which follow; the following options which represent the branches in the 

Event Trees were used in determining final frequencies: 

 Probability of early ignition; 

 Probability of delayed ignition; 

 Probability of direct impingement; 

 Probability of encountering confinement/ congestion. 

 

The probabilities for the various branches of the Event Trees used were derived from SANS 1461:2018 as well 

as the BEVI publication and modelled within DNVGL Safeti software. 

 

 

Figure 8.1: Event Tree used to determine final frequencies (instantaneous release) 
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Figure 8.2: Event Tree used to determine final frequencies (continuous release) 

 

8.2.3 Estimation of the probability of a major incident 

The event trees shown above illustrate how an initial release frequency can be factored down to a final 

frequency.  An example calculation is: 

Consider a leak through a length of pipework leading to a continuous release of LPG, with a base frequency of 

fpipe.  

To calculate the final frequencies of the various possible end results of the leak, the following arithmetic was 

performed based on the event tree given in Figure 8.2. 

 To find the probability of an early explosion  fearly explosion = fpipe * Pearly ignition * Pconfinement 

 

 To find the probability of a jet fire with late ignition  flate jet fire = fpipe * (1 – Pearly ignition) * Pdelayed ignition * (1 - 

Pconfinement) 

 

 Etc. 

 

This logic was applied to all leak frequencies listed in Section 8.1. 
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9 RISK RESULTS 

In this study, risk has been calculated and presented in three forms: 

 Individual Risk – the risk of death or serious injury based on the location of an individual, illustrated by 

risk contours around an installation.  This calculation does not take into account the actual population 

in an area but quantifies risk of death and injury were a person to be located at various points around 

the site. 

 

 Societal Risk – the risk of death or serious injury of a population, illustrated by an ‘FN-Curve’.  Societal 

risk takes into account populations around a facility and determines the maximum possible number of 

fatalities, the scenarios and associated frequencies of each scenario, expressed cumulatively on an 

FN-Curve.  This will be illustrated in Section 9.3. 

 

 Land-use Planning – Individual risk can also be used to determine the appropriateness of land uses 

around MHI facilities.  To this end, the risk levels of: 1 x 10-5, 1 x 10-6 and 3 x 10-7 have been used as 

a basis for judging the appropriateness of land use around site. 

 

Day and Night – the risk calculations take into account the operations that occur mainly during the day and 

those that occur mainly during the night, as well as population distribution during the day and during the night. 

9.1 Interpreting the risk results 

The reader is referred to Section 4.5 for a full description of the methodology used and the criteria for assessing 

risk as broadly acceptable, intolerable, or Tolerable if it can be proven to be As Low As Reasonably Practicable 

(ALARP). 

9.2 Individual Risk Results 

The individual risk contours illustrated in the figures below are of the type ‘Location Specific Individual Risk 

(LSIR)’ contours.  These show the chance of death of a theoretical person if they are positioned at a particular 

location 24 hours per day, 365 days per year.  LSIR is an overstatement of risk which is widely accepted as 

sufficiently conservative.  In reality, workers will spend the length of a shift per day and not the entire day.  

However, when a worker is off, another worker may replace her in doing her task, therefore, overall it can be 

considered that there is an individual at that particular point or area, all of the time. 

The risk acceptability criteria are described in Section 4.5.1 and the individual risk profiles for the site are 

illustrated in Figure 9.1 for people located outdoors. 
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Individual risk results for those located outdoors 

Figure 9.1 illustrates individual risk of death for those located outdoors.  Being located outdoors implies a lack 

of shielding for thermal radiation, as would be the case for those located indoors.  The contours extend as 

follows: 

 

 The 1 x 10-5 / year contour: At this risk level and below, individual risk is broadly acceptable for workers 

and can be tolerated for members of the public provided that it is proven to be As Low As Reasonably 

Practicable (ALARP).  This contour extends beyond the site to the east, over currently vacant land. 

 

 The 1 x 10-6 / year contour: This is the level below which risk is broadly acceptable and the indicator 

for MHI status as described in 1.5.  This contour extends offsite east over currently vacant land.  This 

indicates a risk over the servitude that is elevated but still is within ‘ALARP’ bounds as described in 

Section 4.5.  This means risk over this area can be tolerated if proven that it is As Low As Reasonably 

Practicable. 

Risk below the 1 x 10-6 / year level (indicated by the areas located outside this contour) is considered broadly 

acceptable. 

 

Risk Judgement: 

Because the 1 x 10-6 /year risk contour extends beyond the site boundary, the site is considered a Major Hazard 

Installation (see Section 1.5). 

 

Recommendations for reducing risk further at these locations are provided in Section 12. 
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Figure 9.1: Individual Risk Contours around the site (individuals located outdoors) 
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9.3 Societal risk results 

Societal risk takes into account populations around the site to determine risk tolerability.  In this study, this is 

presented in the form of an FN-Curve, which illustrates scenarios with the potential to cause death, as well as 

considers the frequency of each scenario.  The frequencies of the scenarios are then summed to show a 

cumulative risk of death, i.e. the frequency (F) of causing N or more fatalities against the number of fatalities, 

N. 

As illustrated in Figure 9.2 there are tolerability limits as suggested by SANS 1461:2018 (see Section 4.5.2), 

as illustrated by the red and blue sloped lines.  Above the red line is the region where societal risk is intolerable; 

below the blue line is the region where societal risk is broadly acceptable.  Between these lines is the region 

where risk can be tolerated if it is proven to be ALARP (see Section 4.5.2). 

 

Description of the site’s FN Curve (societal risk results) 

Day time societal risk is based upon activities onsite which take place only during the day and upon day-time 

population levels, and similarly night time risk is based upon activities taking place at night and also on 

populations of people during the night.  The FN Curve given below is a combination of day time and night time 

risk. 

As seen in Figure 9.2, the maximum number of fatalities which can occur from a single event occurring onsite 

is just over 120 people.  The associated frequency of this event is low, at approximately 1.2 x 10-8 / year.  This 

high number of fatalities was driven by the jet fire, flash fire and vapour cloud explosion events observed in the 

Consequence Analysis Section 7.  In that section the hazard ranges for jet fires and flash fires covered large 

areas around the site.  However, the infrequent nature of those events (such as catastrophic failure of 

equipment) drove the societal risk down and societal risk is assessed as Broadly Acceptable. 

 

Risk Judgement: 

Societal Risk for the site is assessed as ‘Broadly Acceptable’. 
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Figure 9.2: FN Curve for Combined Day and Night time risk 

 

  



 
 

 

Sw01-REP-MHI-1 MHI Assessment Report: Swartland Atlantis XPS Plant 

 

Page 67 of 71 

 

9.4 Land Use Planning 

The concept of Land-Use Planning is discussed in Section 4.5.3; the purpose of Land-Use Planning section is 

to inform future land use around the site and to provide a basis for opposing (if necessary) future developments 

around the site.  The Inner, Middle and Outer Zones are derived from the risk contours illustrated in Figure 9.1, 

described briefly as follows: 

 Outer Zone: The zone between the 1x10-6 and 3x10-7 / year individual risk contours; 

 Middle Zone: The zone between the 1x10-5 and 1x10-6 / year individual risk contours; 

 Inner Zone: Inside the 1x10-5 / year individual risk contour. 

The Zones extends offsite over the empty plot to the east of the site.  If or when development happens on that 

site, based on risk due to the site’s activities, MMRisk would recommend that the following categories of 

developments be challenged: 

 Facilities involving vulnerable members of the public (children, those with mobility difficulties or those 

unable to recognise physical danger) – examples may include large hospitals, large old age homes, 

large schools, large retirement homes, large homes for the mentally handicapped, etc. 

 

 Facilities involving general public at home and/or involved in normal activities – examples may include 

outdoor shopping areas, parks where large numbers of people are expected, outdoor sports stadia, 

etc. 
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10 IMPACT ON SURROUNDING FACILITIES 

From the consequence and risk results in the report, impacts were seen over surrounding facilities.  These are 

summarised in this section. 

10.1 Impact on surrounding major hazard installations 

As can be seen in the preceding sections there is consequence impact over New Era (to the north), the vacant 

plot to the east of the site, the site under construction to the south of the site over Charles Matthews Street, as 

well as Bokomo Foods (to the south-east). 

Consequence Effects on surrounding MHIs 

Section 7 Consequence Analysis showed jet fire, flash fire and vapour cloud explosion impact over New Era 

and Bokomo Foods.  The result of these events might be initiation of loss of containment events at those sites, 

due to elevated thermal radiation and overpressure levels. 

Emergency procedures for dealing with events taking place at the site should involve notification of neighbours 

to ensure that they are able to evacuate as necessary to minimise injuries and fatalities.  

10.2 Impact on the public and other installations 

 There is impact over other non-MHI neighbours to the south (the construction site) as well as immediately the 

vacant plot east of the site.  Should the site receive notification of proposed developments in those areas, 

consequence and risk analysis information compiled in this report should be used to inform developers of the 

risk due to the site’s operations.  
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11 EMERGENCY RESPONSE DATA 

The site is currently under design and not yet operational.  Therefore the Client has not yet compiled an 

Emergency Response Plan (ERP) due to lack of detail on operations, staffing, etc. 

Compilation of an ERP has been discussed between MMRisk and the Client, and the Client understands that 

an ERP would have to be available when the site begins operations. 

MMRisk would assess the site’s ERP against: 

 The requirements of Provision 6.(1) of the MHI Regulations;  

 The South African National Standard (SANS) 1514: Emergency Response Planning for Major Hazard 

Installations; and 

 Any applicable by-laws in the area. 
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12 RISK TREATMENT / RECOMMENDATIONS  

Based on the risk analysis herein, the following recommendations are made: 

Recommendation 

Number: 
1 

Recommendation 

wording: 

Carry out advertisement and notification as required by provision 2(1) of the MHI 

Regulations. 

Rationale: 

The 1 x 10-6 /year individual risk contour extends beyond the boundary of the site as 

indicated in Figure 9.1 therefore MMRisk declares the site a Major Hazard 

Installation. 

Priority: High 

 

Recommendation 

Number: 
2 

Recommendation 

wording: 

Ensure the following safety systems / considerations are given during the design, in 

order manage risk at the site: 

o) Road tankers are designed to SANS 1518 and adequately maintained 

(confirm with suppliers); 

p) Operator presence at all times during offloading; 

q) Drained area for tanker offloading linked to a separator system; 

r) Installation of Emergency Stop Buttons at various locations around the site; 

s) Ensure inspections are performed on equipment carrying hazardous 

materials s per relevant SANS standards; 

t) Consider physical barriers between tanks and pathways and other 

equipment to avoid collisions leading to losses of containment; 

u) Ensure that clear routes for personnel and equipment movement are 

demarcated; 

v) Ensure adequate training of personnel on the handling of hazardous 

materials; 

w) Implement ignition source control within the raw materials, blowing agent 

and XPS storage areas; 

x) Ensure adequate separation of XPS storage area from other flammable 

materials. 

y) Ensure bunding and containment systems are designed per SANS 

standards, as appropriate; 

z) Consider installation of gas detection, heat detection and other detection 

systems, as appropriate, within the blowing agent storage area; 

aa) Where appropriate, consider possible compartmentalisation of tanks to 

prevent complete loss of hazardous material in case of leaks. 

bb) Consider installation of measures to decrease consequence distances in 

case of fire, e.g. fire walls in the vicinity of blowing agent storage, however, 

taking into account the potential for further confinement as a result. 

Rationale: 
The analysis performed in this report identified several elements to be considered, 

which are safety critical. 
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Priority: High 

 

Recommendation 

Number: 
3 

Recommendation 

wording: 

Ensure that the site’s existing fire system is checked by a qualified Fire Engineer and 

if need be, upgraded. 

Rationale: The site has an existing fire system which was inherited from the previous site owner. 

Priority: High 

 

Recommendation 

Number: 
4 

Recommendation 

wording: 
Involve notification of neighbours in the site’s emergency procedures  

Rationale: 

Several fire and explosion events were shown to impact on neighbours.  This will 

ensure that neighbours are able to evacuate as necessary to minimise injuries and 

fatalities as a result of fires/ explosions at the site. 

Priority: High 

 

Recommendation 

Number: 
5 

Recommendation 

wording: 

Compile an Emergency Response Plan for the site, in line with SANS standard 1514 

for Emergency Response Plans for MHIs, and considering local by-laws.  

Rationale: Emergency Response Plans are a requirement of the MHI Regulations. 

Priority: High 

 

Recommendation 

Number: 
6 

Recommendation 

wording: 

Re-do the MHI Risk Assessment after 5 years, or re-do the assessment if details of the 

installations change significantly, or if a loss of containment event occurs. 

Rationale: Reviews of the MHI Assessments are a requirement of the MHI Regulations. 

Priority: Low 
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SCHEDULE 

Definitions 

1. In these  regulations any expression to which  a  meaning  has  been  assigned in the Act  shall  have 
the  meaning so assigned  and,  unless  the  context  otherwise indicates - 

"emergency plan" means  a  plan  in  writing  which, on the  basis of identified  potential  incidents 
at  the  installation,  together  with  their  consequences,  describes how such  incidents  and  their 
consequences  should  be  dealt  with  on-site  and  off-site; .a 

"local  government" means a local  government as defined in section 1 of  the  Local  Government 
Transition  Act,  1993 (Act No. 209  of  1993); 

"material safety data sheet" means  a  material  safety  data sheet as contemplated in regulation 7 
of  the  General  Administrative  Regulations; 

"near miss" means  any  unforeseen  event  involving  one  or  more  hazardous  substances  which, 
but  for  mitigating  effects,  actions  or  systems,  could  have  escalated to a  major  incident; 

"on-site emergency plan" means  the  emergency  plan  contemplated in regulation 6; 

"risk assessment" means the  process  contemplated in regulation 5; 

"rolling stock" means  any  locomotive,  coach,  railway  carriage, truck, wagon or similar 
contrivance  used for the purpose  of  transporting  persons, goods or any  other  thing,  and  which 
can  run  on a  railway; 

"temporary installation" means  an  installation  that  can  travel  independently  between  planned 
points  of  departure  and  arrival for the  purpose of transporting  any  substance,  and  which is only 
deemed  to  be  an  installation  at  the  points  of  departure  and  arrival,  respectively; 

"the Act" means the Occupational  Health  and  Safety  Act, 1993 (Act No. 85 of 1993); 

"transit" includes  any time or  place  in  which  rolling  stock  may  be  between  planned  points  of 
departure  and arrival. 

Scope of application 

2. (1) Subject to the provisions  of  subregulation (3) these regulations  shall  apply  to 
employers,  self-employed  persons  and  users,  who  have  on  their  premises,  either 
permanently  or  temporarily, a major  hazard  installation or a  quantity  of  a  substance 
which  may  pose  a risk that  could  affect  the  health  and  safety of employees  and  the 
public. 

(2) These  regulations  shall  apply  to  local  governments, with specific  reference  to 
regulation 9. 

(3)  These  regulations  shall  not  apply  to  nuclear installations registered  in  terms of the 
Nuclear  Energy  Act,  1993  (Act No. 13  1 of 1993). 
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Notification of installation 

Every  employer,  self-employed  person  and  user shall notify the  chief  inspector, 
provincial director and  relevant  local  government in writing Of- 

(a) the erection of any  installation  that  will  be  a  major  hazard installation, prior 
to  commencement  of  erection thereof; and 

(b) the conversion  of  any  existing  installation  into  a  major  hazard  installation, 
prior to such  conversion. 

Every  employer,  self-employed  person  and  user shall noti9 the  chief  inspector,  the 
local  government  and  the  provincial  director  within 60 days  of the promulgation  of 
these regulations of  an  existing  major  hazard  installation. 

No employer,  self-employed  person  and  user shall modify  an  installation by 
increasing its storage  or  production  capacity,  or  altering  the  process  or by effecting 
any other change  that may increase  the  risk  of an existing major  hazard  installation, 
without  notifylng  the  chief  inspector,  relevant  local  government  and  provincial 
director  in  writing. 

The  information  submitted by an employer,  self-employed  person  and  user in  terms 
of  subregulations (1), ( 2 )  and (3), shall  include - 

(a) the physical  address  of the installation; 

(b) the complete  material  safety  data  sheets  of all substances  that  resulted in  the 
installation  being  classified as a  major  hazard installation; 

(c) the envisaged  maximum  quantity  of  such  substance  that may  be on the 
premises  at any one  time; 

(d)  the  risk  assessment  of  the  major  hazard  installation as contemplated in 
regulation 5( 1); and 

(e)  any further information  that may  be  deemed necessary by an inspector in the 
interests  of  the  health  and  safety  of  the  public. 

Subregulations (l), (2) and (3) shall  not  apply  to  rolling  stock in transit. 

An employer,  self-employed  person  and  user shall advertise  the  notifications 
contemplated in subregulations (I), (2) and (3) in  at  least one newspaper  serving  the 
communities  in the vicinity  of  the  installation  which is to be declared  a  major  hazard 
installation,  a  proposed  major  hazard  installation  or  an existing installation  which  is 
to  be modified,  and by  way  of notices  posted  within those communities. 

A n y  interested  or  affected  person may  make  representations  in  writing  to  the 
relevant  local  government or provincial  director  within 60 days  about  an  existing 
major  hazard  installation  or  after  the  erection,  conversion,  modification  of  a  major 
hazard  instailation,  if  that  installation is not  acceptable  to  that  person. 
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Temporary  installations 

4. (1) Any employer,  self-employed  person  and  user  who  has a temporary  installation on 
his  or  her  premises  which  would,  taking  into consideration the risks  attached  to  the 
quantity  of  substance  and the procedure  of  discharge,  result  in  that  temporary 
installation  being  declared  a  major  hazard  installation if it  were  not a temporary 
installation, shall be  deemed to be  responsible  for the storage and  discharge of that 
installation while on his or her  premises. 

(2) An employer,  self-employed  person  and  user  contemplated  in  subregulation (1) shall 
ensure  that  a risk assessment  for  the  storage  and  discharge  procedure be  carried  out 
for  a  temporary  installation  prior  to  the  risk  coming into existence. 

(3) An employer,  self-employed  person  and  user  contemplated  in  subregulation ( 1 )  shall, 
after taking into  consideration  the risk assessment, take the reasonably  practicable 
steps  that  may be necessary  to  reduce  the risks attached  to the storage  and  discharge 
of a  temporary  installation. 

Risk assessment 
I 

An employer,  self-employed  person  and  user shall, after consultation  with  the 
relevant  health  and  safety  representative or relevant health and  safety  committee, 
carry  out  a  risk  assessment  at  intervals  not  exceeding five years  and  submit  such  risk 
assessment  to the chief  inspector,  relevant  local  government  and  provincial  director. 

The risk assessment is the process  of  collecting,  organising,  analysing,  interpreting, 
communicating  and  implementing  information  in order to identify  the  probable 
frequency,  magnitude  and  nature  of  any  major  incident which could  occur  at  a  major 
hazard  installation,  and  the  measures  required  to remove, reduce  or  control  the 
potential  causes  of  such  an  incident. 

An employer,  self-employed  person  and  user  shall inform the relevant  health  and 
safety  representative  or  relevant  health  and  safety committee in  writing  of  the 
arrangements  made  for  the  assessment  contemplated  in  subregulation ( l ) ,  give  them 
60 days  within  which  to  comment  thereon  and ensure that  the  results  of  the 
assessment  are  made  available to the  relevant representative or  committee who  may 
comment  thereon. 

An employer,  self-employed  person  and  user shall make available on the premises  a 
copy  of the latest risk  assessment  for  inspection  by an inspector. 

An employer,  self-employed  person  and  user  shall ensure that  the risk assessment 
contemplated in subregulation (l), shall - 

(a)  be  carried  out  by  an  Approved  Inspection  Authority  which is competent  to 
express  an  opinion as to  the  risks  associated  with the major  hazard 
installation;  and 

(b)  at  least  include - 

(i) a  general  process  description of the major  hazard  installation; 
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(ii) a  description of the  major  incidents  associated  with that type  of 
installation  and  the  consequences of such  incidents,  which  shall 
include potential  incidents; 

(iii) an estimation  of the probability  of  a  major incident; 

(iv) a  copy of the site emergency  plan; 

(v) an estimation of  the  total  result in the case of an explosion or  fire; 

(vi) in the case  of  toxic  release,  an estimation of  concentration  effects  of 
such release; 

(vii) the potential  effect  of  an  incident  on  a  major  hazard  installation  or  part 
thereof  on  an  adjacent  major  hazard installation or  part thereof; 

(viii) the potential  effect of a  major  incident  on  any other installation, 
members  of  the  public  and  residential  areas; 

(ix) meteorological  tendencies; 

(x) the suitability  of  existing  emergency  procedures  for the risks 
identified; 

(xi)  any  requirements  laid down in terms of the Environment 
Conservation  Act,  1989  (Act No. 73 of  1989);  and 

(xii) any organisational  measures  that  may be required. 

(6) (a) An employer,  self-employed  person  and  user shall ensure  that the risk 
assessment  required  in  terms  of  subregulation (1) is reviewed  forthwith if - 

(i) there is reason  to  suspect  that  the  preceding  assessment is no longer 
valid; 

(ii) there  has  been  a  change  in the process involving a  substance  resulting 
in  the  installation  being  classified  a  major  hazard installation or  in  the 
methods,  equipment or procedures in the  use,  handling  or  processing 
of  that  substance;  or 

(iii) after  an  incident  that has brought  the  emergency  plan  into  operation  or 
after  any  near  miss. 

(b)  Where the risk assessment  has  been  updated  an  employer,  self-employed 
person  and  user  shall  submit  a  copy of the updated  risk  assessment to the 
chief inspector,  the  relevant  local  government  and  the  provincial  director 
within  60  days. 

(7 )  Subregulation  (5)(b)  shall  not  apply in the case of rolling  stock in transit:  Provided 
that the operator of a  railway  shall  ensure - 

1-- 

(a) that a risk assessment  applicable  to  rolling stock in  transit  is  carried  out  and 
made  available  for  inspection  at the request of an inspector  or  local 
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government or both  that  local  government  and inspector, as the case may  be; 
and 

(b)  that  in the interests  of the health  and safety of the public  the  necessary 
precautions  are taken. 

(8) An employer,  self-employed  person  and  user shall ensure that the risk assessments 
contemplated  in  subregulations (1) and  (5)(a)  be  made available for  scrutiny by any 
interested  person or any  person that may  be  affected  by  the activities of a  major 
hazard installation, at  a time and place  and  in  a  manner  agreed  upon  between  the 
parties. 

On-site  emergency pian 

An employer,  self-employed  person  and  user  shall  after  submission of the 
information  contemplated in regulation 3(4) - 

establish an on-site emergency  plan  to  be  followed inside the  premises ofthe 
installation  or part of the installation  classified as a  major  hazard  installation 
in consultation with the relevant  health  and  safety  representative  or the 
relevant  health  and  safety  committee; 

discuss the emergency  plan  with the relevant  local  government,  taking  into 
consideration any comment  on the risk related to the health  and  safety  of  the 
public; 

review  the  on-site  emergency plan and,  where  necessary,  update the plan, in 
consultation  with the relevant  local  government,  at  least  once  every  three 
years; 

sign a  copy  of  the  on-site  emergency  plan  in the presence of two witnesses, 
who  shall  attest  the  signature; 

ensure  that the on-site  emergency  plan is readily  available  at  all  times  for 
implementation and use; 

ensure  that  all  employees  are  conversant  with the on-site  emergency  plan;  and 

cause the on-site  emergency  plan  to  be  tested in practice at  least  once  a year 
and keep  a  record of such test. 

Any employer,  self-employed  person  and  user  owning or in control  of  a  pipeline  that 
could  pose  a threat to the general  public  shall inform the relevant  local  government 
and shall be  jointly  responsible  with  the  relevant  government  for  the  establishment 
and  implementation  of  an  on-site  emergency plan. 

Subregulation (1) shall  not  apply to rolling  stock  in  transit:  Provided  that  the 
operator of a  railway  shall - 

(a) establish  an  emergency  plan  for  each  route traversed within 12 months  of the 
coming  into  operation  of  these  regulations; 
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(b)  draw  up the plan contemplated  in  paragraph (a) in consultation with  the  local 
government  through  whose jurisdiction that rolling stock  is  being 
transported; 

(c)  sign  a  copy  of the on-site  emergency  plan in the presence  of two witnesses, 
who  shall  attest  the  signature; 

(d) ensure that  the  plan is readily  available  at all times  for  implementation  and 
use;  and 

(e) cause that plan  to be tested  when  reasonably  practicable  and  keep  a  record  of 
such test. 

Reporting of risk and emergency occurrences 

7 .  (1) Every  employer,  self-employed  person  and  user  of  a  major  hazard  installation  and 
owner or user  of  a  pipeline  shall - 

(a)  subject  to  the  provisions  of  regulation 6 of  the  General  Administrative 
Regulations,  within 48 hours by  means  of  telephone,  facsimile  or  similar 
means  of  communication  inform  the  chief  inspector,  the  provincial  director 
and  relevant  local  government  of  the  occurrence  of  a  major  incident  or an 
incident  that  brought  the  emergency  plan  into  operation  or any near  miss; 

(b) submit  a  report in writing  to  the  chief  inspector,  provincial  director and  local 
government  within  seven  days;  and 

(c) investigate  and  record all near  misses  in  a  register  kept  on  the  premises, 
which  shall  at all times  be  available  for  inspection  by  an  inspector  and  the 
local  government. 

(2) Every  employer,  self-employed  person  and  user shall in  the  case  of  a  major  incident 
or  an  incident  contemplated  in  subregulation (1) that was or may  have  been  caused 
by a  substance,  inform  the  supplier  of  that  substance of the  incident. 

(3) An employer,  self-employed  person  and  user  shall - 

(a)  record  all  near  misses  in  a  register  kept on the premises,  which  shall  at  all 
times  be  available  for  inspection by  an inspector;  and 

(b) ensure  that  the  contents  of  the  register  contemplated  in  paragraph (a) shall 
also  be  available in the event of an  inspection  contemplated  in  regulation 
5(4). 

General  duties of suppliers 

8. (1) Every  person  that  supplies a substance  to  a  major  hazard  installation  that  has been 
classified as a  major  hazard  installation  for the reason  of  the  presence  of  that 
substance  in  that  installation  shall  ensure  that  he  or she supplies with  the  substance  a 
material  safety  data  sheet  contemplated  in  regulation 7 of the General  Administrative 
Regulations. 
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(2) On receipt of the information  contemplated  in regulation 7(2), every  supplier  of  the 
relevant substance shall assess the  circumstances  and substance involved  in  an 
incident or potential incident and inform all persons being  supplied with that 
substance, of the potential  dangers  surrounding  it. 

( 3 )  Every supplier of a hazardous  substance to a major hazard installation shall provide a 
service that shall be readily  available  on a 24-hour basis to all  employers, self- 
employed persons and  users, the relevant  local  government  and  any  other  body 
concerned, to provide  information  and  advice  in  the case of a major  incident  with 
regard to the substance supplied. 

General duties of local government 

9. (1 ) Without  derogating  fiom  the  provisions of the National Building  Regulations  and 
Building Standards Act,  1977  (Act No. 103 of 1977), no  local  government  shall 
permit the erection  of a new  major  hazard installation at a separation distance less 
than  that  which  poses a risk to - 

(a) airports; 

(b) neighbouring  independent  major  hazard installations; 

(c) housing and other centres  of  population;  or 

(d) any  other similar facility: 

Provided that the local  government shall permit  new  property  development  only 
where there is a separation  distance  which  will  not pose a risk  in terms of  the  risk 
assessment: Provided  further  that  the  local  government  shall  prevent  any 
development  adjacent to an installation  that  will result in that installation being 
declared a major  hazard  installation. 

( 2 )  Where a local  government does not  have facilities available to control a major 
incident  or to comply  with  the  requirements  of this regulation, that  local  government 
shall make  prior  arrangements  with a neighbouring local government,  relevant 
provincial  government  or  the  employer,  self-employed  person  and  user  for 
assistance. 

(3) All off-site emergency  plans  to be followed outside the premises of  the  installation 
or  part  of the installation classified as a major hazard installation shall  be  the 
responsibility  of  the  local  government. 

Closure 

10. An employer,  self-employed person and  user  shall  notify  the chief inspector, relevant 
provincial director and  local  government in writing, 2 1 days prior to the installation ceasing to 
be a major  hazard  installation. 
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Offences and penalties 

1 1. Any person  who  contravenes or fails to comply  with  any  provision of regulations 3( l), 3(2), 
3(3), 3(4), 3(6), 4(2),  4(3), 5, 6,  7, 8 or 9, shall be guilty  of an offence  and on conviction be 
liable to a  fine or to  imprisonment  for  a  period of 12 months  and,  in the case of  a  continuous 
offence,  to an additional  fme  of W O O  or additional  imprisonment for each day  on  which  the 
offence  continues:  Provided that the period of such  additional  imprisonment shall not  exceed 
90 days. 

I -  


