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Executive Statement 

Mr Jason Clay (the Auditor) of Senversa Pty Ltd is pleased to present this Mandatory Auditor’s Report 
(MAR) for the contaminated site investigations undertaken at the Former South Fremantle Landfill, 
which is located within South Fremantle, Western Australia. The Site is separated into three areas, 
which are commonly referred to as ‘Daly Street’, ‘Hollis Park’ and ‘Sandown Park’. The Site location is 
shown on Figure 1. 

The Site was subject to quarrying/sand mining activities prior to the 1930s and was subsequently used 
for waste disposal in varying phases until the closure of the landfills in 1991. The Site currently 
comprises vacant and undeveloped land with limited public access. The Site has been classified by 
the Department of Water and Environmental Regulation (DWER) as ‘Contaminated - remediation 
required’ as a result of the former use of the Site as landfills. 

The Auditor has reviewed a number of investigations which have been completed at the Site by GHD 
since 2010, comprising a Sampling and Analysis Plan (SAP), Ground Gas and Soil Vapour 
Investigations, Interim Risk Assessment, Detailed Site Review, Interim Site Management Plan (Interim 
SMP) and Offsite Landfill Gas and Vapour Investigations. 

These investigations identified the following contamination issues: 

• Historic investigations identified that concentrations of contaminants varied greatly in soil and 
groundwater at the Site, as would be expected for a highly heterogenous fill consisting of waste 
materials.  

• Landfill gas concentrations were variable across different areas of the landfill, as follows: 

 Daly Street: Elevated carbon dioxide (>20%) and depressed oxygen (as low as 0%). 
Characteristic Situation 2; ‘low’ risk (elevated from ‘very low’ risk due to elevated carbon 
dioxide). Risk was estimated to be low on the basis of little or no apparent gas flow. 

 Hollis Park: No indication of landfill gas generation. Characteristic Situation 1; ‘very low’ risk. 

 Sandown Park: Elevated methane (>50%) and carbon dioxide (>30%) and depressed oxygen 
(as low as 0%). Characteristic Situation 2; ‘low’ risk. Risk was estimated to be low on the basis 
of little or no apparent gas flow. 

The Auditor considers that the current landfill gas regime has been characterised to an acceptable 
standard for the current land use (de facto public open space (restricted access)); however, notes that 
further investigation of groundwater is required to assess the potential risks to off-site groundwater 
users. Should any development of the Site be proposed in the future additional soil and landfill gas 
investigations may also be necessary. 

The information presented in the audited reports is sufficient to build a conceptual site model that 
provides an appropriate representation of potential contamination issues at the Site. Consideration of 
potential source-pathway-receptor linkages indicates that there are a number of potentially complete 
pollutant linkage pathways, which should be subject to further investigation either in the short-term or 
as part of future development of the Site. 

Overall, the Auditor considers that the conclusions and recommendations presented in the GHD 
reports were appropriate and concurs that, based on the information reviewed, the Site is suitable for 
ongoing use as de facto public open space (restricted access). The Auditor notes that further 
groundwater investigations are required to assess the risk to off-site receptors in the short-term and 
should any development of the Site be proposed in the future, additional soil and landfill gas 
investigations may be required. 
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The Auditor notes that there is a proposal for a portion of Sandown Park to be developed as a solar 
farm with little or no ground penetrating infrastructure. Based on the likely layout of this facility (i.e. 
limited sealing of the ground surface and passive land use) the Auditor considers that the Site could 
be made suitable for this land use with limited further works, such as development of a SMP outlining 
appropriate management controls.     

Based on the results from the audited reports, the Site is considered to be contaminated as defined by 
the Contaminated Sites Act 2003. The Auditor recommends that the Site is suitable for the ongoing 
use as de facto public open space (restricted access); however, considers that further assessment of 
groundwater is required to assess the potential risks to off-site receptors. GHD concluded that further 
soil and landfill gas assessment would be required should the Site be developed for any future use. 
Further assessment would also be required for any future development of the Geodis Wilson Building 
to the east of the Site. 

The Auditor recommends that, pursuant to Part 2 Division 2 of the Contaminated Sites Act 2003, the 
DWER classify the Site as ‘Contaminated – remediation required’. 

The Auditor recommend that the following actions/restrictions be presented on the updated 
classification letter for the Site: 

• A SMP should be prepared to outline the ongoing management measures and further 
investigations that are required for the Site. This should be communicated and adhered to by all 
relevant parties. This would include regular inspections of the footpaths and play areas to check 
for the presence of asbestos containing materials (ACM). 

• The land use should be restricted to de facto public open space under the current layout. Further 
assessments would be required for any change in land use.  
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1.0 Introduction  

1.1 Audit Details 

Mr Jason Clay (the Auditor) of Senversa Pty Ltd is pleased to present this Mandatory Auditor’s Report 
(MAR) for the contaminated site investigations undertaken at the Former South Fremantle Landfill, 
which is located within South Fremantle, Western Australia. The Site location is shown on Figure 1. 

The Auditor was commissioned by the City of Fremantle to complete a MAR for the Site due to the 
Site being classified as a “source site”. As such, this audit falls under the requirements of Part 7, 
31(1)(b) of the Contaminated Sites Regulations 2006.  

This MAR has been prepared in accordance with the Contaminated Sites Act 2003 to achieve 
compliance with the Western Australian Department Water of Environmental Regulation (DWER)1 
Contaminated Sites Guidelines, including The Western Australian Contaminated Sites Auditor 
Scheme (DER 2016a) and Requirements for Mandatory Auditors’ Reports (DER 2016b). 

A statement identifying and signed by the person who engaged the Auditor to produce the MAR 
(DWER Form H) is provided in Appendix A. A statement signed by the Auditor in relation to the 
accuracy of information in the MAR (DWER Form I) is also provided in Appendix A.  

Audit details are summarised in Table 1.  

Table 1: Audit Details 

Item Detail 

Auditor Mr Jason Clay 
Jason.Clay@senversa.com.au 
Mobile: 0410 431 674 
 
Senversa Pty Ltd 
Level 14, 309 Kent Street 
Sydney NSW 2000 

Date of Accreditation 6 December 2006 

Person Engaging the Auditor Joseph Zappavigna 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 

Contaminated Sites Audit Statement No. WA-JMC79 

Commencement Date of Audit 16 December 2009 

Completion Date of Audit 25 July 2017 

Reason for Audit Part 7, 31(1)(b) of the Contaminated Sites Regulations 2006 

                                                           
1 Formerly Department of Environment Regulation (DER), prior to which Department of Environment and Conservation 
(DEC).  

mailto:Jason.Clay@senversa.com.au
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Item Detail 

Scope of the Audit Although, this is a considerable number of documents relating to the South 
Fremantle Landfill Site these have generally all been satisfactorily reviewed 
and summarised by GHD. Therefore, this audit covers the following stages 
of contaminated site investigations, which have been undertaken by GHD: 
• Sampling and Analysis Plan 
• Ground Gas and Soil Vapour Investigations 
• Interim Risk Assessment 
• Detailed Site Review 
• Interim Site Management Plan 
• Offsite Landfill Gas and Vapour Investigations 

1.2 Background 

The Site occupies an area of 19.4 ha and is located approximately 18 km south-west of the Perth 
Central Business District (CBD) in the suburb of South Fremantle within the City of Fremantle. The 
Site is separated into three areas, which are commonly referred to as ‘Daly Street’, ‘Hollis Park’ and 
‘Sandown Park’. The Site location is shown in Figure 1. 

The Site was subject to quarrying/sand mining activities prior to the 1930s and was subsequently used 
for waste disposal in varying phases until the closure of the landfills in 1991. The landfills currently 
comprise vacant and undeveloped land with limited public access. There is a proposal to develop a 
portion of Site, likely to be a portion of Sandown Park, for use as a solar farm. The proposed solar 
farm will comprise above ground fixed array solar panels and supporting infrastructure including 
transformers and inverters, which will connect into the existing powerline located in the northern 
portion of Sandown Park. Under the proposed development, the City of Fremantle will maintain 
ownership of the land and the solar farm operator will hold a long-term lease of the land. There are 
currently no plans for future development of other parts of the Site and so the remainder of the Site is 
likely to remain as de facto public open space.  

The Site has been classified by DWER as ‘Contaminated - remediation required’ as a result of the 
former use of the Site as landfills. The Basic Summary of Records (BSR) indicates that hydrocarbons 
and heavy metals are present in soils and hydrocarbons, heavy metals, nutrients and microbiological 
indicators of pathogens are present in groundwater, extending off-site in a westerly direction. Due to 
the presence of contamination the Site was deemed not suitable for use or redevelopment until further 
investigation and remedial measures have been undertaken. 

GHD was engaged by the City of Fremantle to undertake contaminated site investigations across the 
Site to assess the potential risks associated with contamination and to determine what further 
investigation and/or management was required. These investigations were the basis for the MAR and 
are listed in Section 3.1. 

1.3 Purpose of the Audit 

The overall purpose of the audit was to: 

• Confirm that the investigations adequately characterised the contamination status of the Site. 

• Confirm whether potentially significant risks to human health, the environment or environmental 
values exist on-site or off-site. 

• Confirm the suitability and appropriateness of management plans. 

• Confirm the suitability of the Site for different land uses. 

• Recommend a classification under the Contaminated Sites Act 2003. 
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1.4 Limitations of the Audit 

All of the information and opinions given in this MAR are based on a review of the information 
provided in the reports listed in Section 3.1. Apart from site inspections, the Auditor has not carried 
out any independent investigations in relation to the condition of the Site. 

The Auditor assumes no responsibility or liability for any errors or omissions in the information 
provided in the reports reviewed and the analytical data presented to the Auditor. 

The overall purpose of this MAR is specified in Section 1.3. No other warranties expressed or implied 
are made. Any subsequent changes to the Site following the issue of this MAR are outside the scope 
of the audit. 

This MAR relates only to below ground contamination and does not include evaluation of geotechnical 
issues or any other issues associated with the Site. 

1.5 Guidelines Used 

The Auditor has based the technical review on professional experience and relevant published 
guidelines that include but are not limited to: 

• DWER Contaminated Sites Guidelines (http://www.der.wa.gov.au/your-
environment/contaminated-sites/61-contaminated-sites-guidelines). 

• National Environment Protection Council (NEPC) (1999) National Environmental Protection 
(Assessment of Site Contamination) Measure (as amended 15 May 2013) (ASC NEPM). 

http://www.der.wa.gov.au/your-environment/contaminated-sites/61-contaminated-sites-guidelines
http://www.der.wa.gov.au/your-environment/contaminated-sites/61-contaminated-sites-guidelines
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2.0 Site Identification 

Site identification details are summarised in Table 2. The Site location is shown on Figure 1. The 
Certificates of Title are presented in Appendix B. 
Table 2: Site Identification Details 

Site Identification Details  

Common Site Name South Fremantle Landfills - Daly Street, Hollis Park, Sandown Park 

Address South Fremantle WA 6162 
(Refer to detailed address descriptions below) 

Site Owner City of Fremantle (unless otherwise stated below) 

Site Occupier Vacant  

Local Government Authority City of Fremantle 

Zoning Urban (Metropolitan Region Scheme – 30 January 2017)  

Site Area 19.4 ha 

  

Street Address  Legal Description Certificate of Title (Volume / Folio) 

Daly Street2   

Lot 38 Daly Street Lot 38 On Diagram 20161 1192 / 393 

Lot 39 Daly Street Lot 39 On Diagram 20161 1192 / 391 

32 Daly Street Lot 12 On Plan 122 1105 / 195 

34 Daly Street Lot 9 On Plan 122 669 / 45 

36 Daly Street Lot 8 On Plan 122 752 / 76 

Hollis Park   

 Lot 51 On Plan 7217 1949 / 741* 

 Lot 52 On Plan 7217 2115 / 76* 

Lot 7 to Lot 10 Island Street Lot 7 to 10 On Diagram 2492 1226 / 104 

Lot 203 Daly Street Lot 203 On Plan 245466 1834 / 964 

                                                           
2 Whilst included on the GHD figures, 37 Duoro Road (Lot 321 On Plan 37561), is not included within the Site boundary 
which was subject to audit. This lot is privately owned and is not included within the classification boundary on the 
Contaminated Sites Database. 
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Site Identification Details  

 Lot 153 On Plan 7217 1863 / 918 

Lot 1728 Ocean Road Lot 1728 On Plan 159082 1272 / 897 

30 Keeling Way Lot 9010 On Plan 50631 2643 / 326 

 Lot 66 On Plan 2019 1834 / 964 

Lot 25 to Lot 34 Ocean Road Lot 25 to 34 On Plan 2019 1834 / 964 

Lot 38 to Lot 59 Island Street Lot 38 to 59 On Plan 2019 1834 / 964 

Sandown Park   

17 Cockburn Road Lot 1 On Plan 2513 1745 / 17 

 Lot 152 On Plan 7217 1845 / 360* 

 

* Registered to the Commissioner of Main Roads. 
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3.0 Audited Documentation 

3.1 Documents Reviewed 

The documents listed below have been reviewed as part of the audit process and should be read in 
conjunction with this MAR.  

• GHD (2010a) South Fremantle Landfill Site. Sampling and Analysis Plan. Rev 1, 25 March 2010. 
(Reference: 61/24999/96391).  

• GHD (2010b) South Fremantle Landfill Site. Proposed Revision to Monitoring Strategy – Stage 2. 
28 April 2010. (Reference: 61/24999/98841). 

• GHD (2010c) South Fremantle Landfill – Gas/Vapour Assessment. Stage 2 Works – Fee 
Proposal. 6 May 2010. (Reference: 61/24999/99350). 

• GHD (2010d) South Fremantle Landfill Site. Interim Assessment of Landfill Gas/Vapour Risks. 
12 November 2010. (Reference: 61/24999/105156). 

• GHD (2012) South Fremantle Landfill Site. Detailed Site Review. Rev 1, November 2012. 
(Reference: 61/249990/0/127545). 

• GHD (2013) Former South Fremantle Landfill Site. Interim Site Management Plan. Rev 1, June 
2013. (Reference: 61/29215/130800). 

• GHD (2014a) South Fremantle Landfill Site. Proposal for Offsite Gas Investigation. 3 February 
2014. (Reference: 61/091540/2/137492_Rev2).  

• GHD (2014b) South Fremantle Landfill Site. Scope Change for Offsite Gas Investigation (Rev 1). 
19 March 2014. (Reference: 61/30491/140265 Rev 1).  

• GHD (2015) Offsite Landfill Gas and Vapour Investigation. Former South Fremantle Landfill Site. 
Rev 3, January 2015. (Reference: 61/30491/140809). 

• GHD (2017) Former South Fremantle Landfill Site. 2016 Offsite Landfill Gas and Vapour 
Investigation. March 2017. (Reference: 61/33210).  

The Auditor considers that the data provided in these reports generally allows for a sufficient 
characterisation of the current contamination status of the Site, on which an assessment of risk and 
suitability for the current land uses can be made. 

Specific comments provided by the Auditor in interim audit advice during the project are provided in 
Appendix C.  

3.2 Summary of Documents Reviewed 

Sampling and Analysis Plan (GHD 2010a) 

A Sampling and Analysis Plan (SAP) was prepared by GHD to outline the proposed investigation 
works to characterise ground gases and vapours at the Site, which would permit a subsequent health 
risk assessment (if required).   

The SAP outlined the proposed sampling program and rationale to assess the presence of ground gas 
and vapour contamination. The proposed sampling program comprised two stages of work: 

• Stage 1: installation of 68 grid-based implants at shallow depths (1.5 m to 2.5 m) and field 
screening at these locations using a landfill gas analyser and photoionisation detector (PID). 
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• Stage 2: installation of three nested implants at eight (provisional) targeted locations at depth 
(5 m, 10 m and 15 m provisional), field screening of nested locations using a landfill gas analyser 
and sampling of nested locations using Summa Canisters for methane, carbon dioxide, oxygen, 
hydrocarbon sulphide and volatile organic compounds (VOCs).   

The SAP also presented a Conceptual Site Model (CSM) and the Data Quality Objectives (DQOs), 
which were prepared in accordance with AS 4482.1 - 2005 and formed the basis of the investigation. 

Proposed Revision to Monitoring Strategy – Stage 2 (GHD 2010b) 

GHD prepared a report to document the results from the Stage 1 works and present the subsequent 
proposed amendments to the Stage 2 works as a result of the findings from the first stage. 

The scope of the Stage 1 works comprised installation of 67 grid-based implants3 between 17 and 19 
March 2010 and field screening of the implants over two events: 

• Monitoring Event 1 (29 to 31 March 2010): baseline assessment including all soil vapour implants 
and seven stormwater drains locations (off-site). Locations screened using landfill gas analyser 
and PID. 

• Monitoring Event 2 (14 April 2010): opportunistic, targeted event at 13 locations of most concern 
(western boundaries of the Daly Street area and western plus southern boundaries of the 
Sandown Park area) as a result of a deep low-pressure system that occurred during this time. 
Locations screened using landfill gas analyser only. 

The Stage 1 soil vapour sampling locations are shown on Figure 2.  

The results from the Stage 1 works were assessed based on the different landfill areas (i.e. Daly St, 
Hollis Park and Sandown Park). Calculation of Gas Screening Values (GSVs) as per CIRIA C665 for 
the three landfill areas indicated the following: 

• Daly Street and Sandown Park: Characteristic Situation 2; ‘low’ risk.  

• Hollis Park: Characteristic Situation 1; ‘very low’ risk.  

The low GSVs were mainly due to the absence of flow, with significantly elevated methane (>20%) 
and carbon dioxide (>20%) and depressed oxygen (0%) recorded in some wells, particularly in 
Sandown Park and Daly Street (lesser methane in Daly Street).  

GHD noted that the results from this stage of investigation were preliminary in nature and based on 
the assessment of shallow soils only. GHD identified that conditions may vary with depth within the 
waste masses and peripheral areas of the Site, particularly with respect to gas flow, and this required 
confirmation in order to better determine potential risks to relevant receptors. 

GHD recommended that additional wells screened in deeper strata be installed to confirm the nature 
of risks at the Site. The proposed scope of the further works included installation of and completion of 
at least three ground gas monitoring events over a period of three months.  

Gas/Vapour Assessment. Stage 2 Works – Fee Proposal (GHD 2010c) 

GHD prepared a document to outline the scope of work for the Stage 2 assessment of ground gases 
at the Site. The scope of work for the Stage 2 works were proposed to include: 

• review of previous reports and available information for the landfill site; 

                                                           
3 Soil vapour monitoring installation (SVMI) 17 could not be installed due to access constraints and locations 
SVMI 44, 50, 55, 60 and 62 were installed on the eastern side of a large north-south orientated ditch due to 
access constraints.  
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• installation (drilling) of additional gas wells – five shallow locations (four within the western ditch of 
Sandown Park and one within the car park north-west of Daly Street) and 17 deep locations (up to 
10 m below ground level (BGL)); and 

• gas and vapour monitoring (three monthly rounds). 

Gas monitoring was proposed to be undertaken with reference to the procedures outlined in CIRIA 
C665 (CIRIA 2007). 

Interim Assessment of Landfill Gas/Vapour Risks (GHD 2010d) 

An Interim Assessment of Landfill Gas/Vapour Risks was prepared by GHD based on the results from 
the Stage 1 and Stage 2 investigations. The scope of work comprised the following: 

• Stage 1: installation of 67 grid-based shallow soil vapour implants and field screening of the 
implants over two events (March and April 2010). 

• Stage 2: installation of targeted deeper gas wells to further assess and attempt to delineate the 
extent of landfill gas and vapour onsite (17 deep gas wells plus an additional 5 shallow installation 
points at locations not accessible for deep well installation). Field screening across three events 
(June, July and September 2010).  

The sampling locations are shown on Figure 3.  

At a number of locations at Daly Street and Sandown Park, elevated carbon dioxide (>20%) and 
depressed oxygen (as low as 0%) were identified. Elevated methane (>40%) was also identified within 
Sandown Park. No significant flow readings were observed over the monitoring rounds at any 
locations. No indication of landfill gas generation was identified within Hollis Park.  

Due to the absence of any land use at the Site (vacant and undeveloped parcel of land with limited 
public access), no immediate landfill gas/vapour risk to public health and safety was identified to be 
present at the Site itself with respect to current use.  

A number of potential risks associated with offsite migration of gases/vapours to adjacent properties 
were identified as follows: 

• Daly Street (northern and eastern boundaries): Moderate/Low Risk 

• Daly Street (western boundary): Moderate Risk 

• Hollis Park (all boundaries): Very Low Risk 

• Sandown Park (western boundary): Low Risk 

• Sandown Park (southern boundary): Moderate/Low Risk (noting that there is known methane at 
Fremantle Chalet Village as a result of the extension of the landfill across this area; there is a 
management plan in place at this property) 

• Sandown Park (eastern boundary): Low Risk 

Based on the results from the Stage 1 and Stage 2 investigations, GHD recommended installation of a 
number of additional sampling locations to confirm the risk to adjacent properties, particularly the 
properties located on the northern, eastern and western boundaries of Daly Street.   

Detailed Site Review (GHD 2012) 

A Detailed Site Review was completed by GHD. The objective of the Detailed Site Review was “to 
draw together relevant and available information from previous reporting to produce a ‘baseline’ 
understanding of Site development history and characteristics (including relevant contamination 
sources, pathways and receptors); develop a Conceptual Site Model (CSM); identify remaining data 
gaps and the need (if relevant) for further action to address them”.  
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The scope of work for the Detailed Site Review comprised a review of all available previous reports, 
data analysis, development of a CSM, data gap analysis and report. 

GHD reviewed 40 reports/documents prepared between 1985 and 2011, which included geotechnical 
reports, landfill gas assessments, groundwater monitoring reports, air quality assessments, a site 
management plan, hydrogeological studies, a health and environmental risk assessment and 
redevelopment option studies.  

GHD used the information provided in the previous reports to identify the development history for the 
three site areas, which is summarised as follows: 

• Daly Street: Former quarry with landfill occurring from 1939 to 1956/57 and 1980 to 1991. A range 
of household and industrial waste accepted. 

• Hollis Park: Landfilling commenced in 1931, with solid and liquid waste accepted up to 1956. 
Waste was disposed of in depressions between natural sand dunes and included sand rubble, 
paper and cloth, timber, sawdust and packaging, food wastes and swill, metals and bottles. 
Rubbish was burnt daily. Sullage pits were excavated in the central portion of Hollis Park in the 
late 1960s and were filled up until 1976. A composting plant operated on the southern boundary 
during the early 1950s (closed in 1956). 

• Sandown Park: Former quarry with landfilling occurring between 1956/57 to 1980. Between 1980 
and 1991 this area operated as a waste transfer station. Various wastes deposited including fly 
ash, wools and skin, marine bilge oil, tyres, sullage and car bodies.  

A timeline of waste disposal, as presented in the Detailed Site Review (GHD 2012), is shown below. 
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A summary of soil, groundwater and landfill gas data from the previous investigations were presented 
in the Detailed Site Review, which is summarised as follows: 

• Soil 

 Excavation and subsequent landfilling has resulted in significant spatial variation in the 
occurrence of natural strata which is overlain by variable thicknesses of heterogenous 
waste materials. The lithology broadly comprises surface capping (0 m to 1.5 m in 
thickness), followed by landfill waste/fill (Daly Street – 5 m BGL to 10 m BGL; Hollis Park 
– 1 m BGL to 5 m BGL; Sandown Park -12 m BGL to 14 m BGL), followed by natural 
strata comprising Safety Bay Sands and Tamala Limestone. A number of geological 
cross-sections were prepared based on this information. Copies of the cross sections are 
included in Appendix D.  

 A vast array of domestic and industrial waste materials is reported to have been disposed 
of at the Site including pale brown and grey to black silty sand, sand, gravel, paper, wood, 
cloth plastic, rubber, metal, wire, glass, car tyres, car parts, bricks and rubble, fibre-
cement, asbestos, slag, oil drums, oil residues, tar, pastes, slurry, possible sewage 
sludge, fly ash, metal power poles, electrical devices, transportable housing, transformers, 
polychlorinated biphenyls (PCBs), batteries, full chemical waste drums, drums for cattle 
dip (arsenic based), hospital/clinical wastes (medicines, syringes, bandages and human 
debris), ammunitions, quarantine waste, wool scouring wastes, chemicals, industrial 
processing wastes, pesticides and herbicides. 

 A number of adopted guideline exceedances (Ecological Investigation Levels (EIL) and/or 
Health Investigation Levels (HIL)) were identified, specifically in relation to heavy metals 
(arsenic, cadmium, copper, lead, mercury and zinc). It was noted that due to the highly 
heterogeneous nature of waste materials the presence of other inorganic and organic 
contaminants in soil could not be precluded. 

• Groundwater 

 Groundwater elevation in the vicinity of the Site is approximately 1 m Australian Height 
Datum (AHD). Based on the elevation of the ground surface the depth to groundwater 
would range from 6 m BGL to 18 m BGL.   

 Marine Water Guideline exceedances: ammonia, arsenic, cadmium, copper, lead, 
mercury, nickel, zinc, benzene, phenol, PCB and dieldrin. 

 Drinking Water Guideline exceedances: nitrate, arsenic, cadmium, chromium, nickel, 
selenium, benzene, and methylene chloride. Aesthetic impacts related to total dissolved 
solids (TDS), metals, chloride, ammonia and 1,2-dichlorobenzene were also noted. Total 
petroleum hydrocarbons (TPH) at concentrations exceeding the Dutch Intervention Value 
were also reported in groundwater. 

 Domestic Non-Potable Groundwater Use Guideline exceedances: arsenic, cadmium, 
chromium, iron, selenium, ammonia, benzene, total phenols and 1,2-dichlorobenzene. 

 Long-Term Irrigation Water Guideline exceedances: arsenic, cadmium, chromium, 
copper, iron, manganese, selenium, nitrogen, E. coli and chloride.  
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• Landfill Gas 

 Only limited landfill gas sampling was undertaken as part of previous investigation; 
therefore, the summary of landfill gas data was based on GHD results from 2010.  

 Daly Street: Oxygen concentrations ranged from 0% to 21.3%. Carbon dioxide 
concentrations ranged from 0.2% to 23.1%. Methane concentrations ranged from 0% to 
2.8%.PID concentrations ranged from 0 ppm to 52.1 ppm. No significant flow readings 
were recorded. Characteristic Situation 2, i.e. ‘low’ risk. 

 Hollis Park: Oxygen concentrations ranged from 15.6% to 22.7%. Carbon dioxide 
concentrations ranged from 0% to 4.1%. Methane concentrations ranged from 0% to 
0.1%. PID concentrations ranged from 0 ppm to 17 ppm. No significant flow readings 
were recorded. Characteristic Situation 1, i.e. ‘very low’ risk. 

 Sandown Park: Oxygen concentrations ranged from 0% to 21.9%. Carbon dioxide 
concentrations ranged from 0% to 32.1%. Methane concentrations ranged from 0% to 
60%. PID concentrations ranged from 0 ppm to in excess of instrument upper limits. No 
significant flow readings were recorded. Characteristic Situation 2, i.e. ‘low’ risk. 

 The landfill gas results indicate that biological and/or chemical degradation processes are 
occurring within the waste mass at Daly Street (predominantly aerobic) and Sandown 
Park (predominantly anaerobic). 

A CSM was developed based on the information obtained as part of the Detailed Site Review. This 
CSM identified that there were a number of potentially complete pollutant linkages at the Site that 
required further investigation and/or management. The CSM developed during the Detailed Site 
Review is summarised in Section 4.8.1. 

As part of the development of the CSM a number of potential data gaps were identified in relation to 
sources of contamination, pathways for migration, local background groundwater quality and impacts 
from possible future development. The data gaps which were identified as highest priority for 
assessment comprised: 

• Uncertainties concerning the extent of landfill, and potential for gases and/or vapours to migrate 
from the Daly Street area of the Site and impact existing adjacent residents/site users.  

• Clarification on disposal of quarantine waste from the Australian Quarantine and Inspection 
Service (AQIS) to ensure that there is no residual knowledge of this matter remaining due to the 
constraint this imposes on future actions.  

• Confirmation of gas generation potential, vapour species and impact of future development on gas 
regime.   

• Off-site groundwater impacts requiring confirmation. 

Lower priority data gaps comprised: 

• General contamination characteristics of waste/fills (and capping materials and bund materials at 
Sandown Park) and stability characteristics.  

• Possible munitions disposal.  

• Potential groundwater impact from Fremantle Chalet Village. 

• Presence of non-aqueous phase liquids (NAPL; - hydrocarbons) in groundwater and potential for 
generation of vapours from this source. 

• Impact from possible future development on groundwater regime. 

• Cross boundary migration of gases and vapours at southern boundary of Sandown Park. 



 
Audited Documentation 
 

p11455_rpt01_rev0_mar.docx 
 12 

GHD recommended that the data gaps be addressed, with preliminary focus on the high priority data 
gaps, to resolve uncertainties regarding the potential risks associated with contamination at the Site. 
Resolution of these data gaps would allow for the appropriate management and/or remediation of 
contamination at the Site. 

Interim Site Management Plan (GHD 2013) 

An Interim Site Management Plan (Interim SMP) was prepared by GHD. The aim of the Interim SMP 
was to set out a programme for required interim actions to address identified data gaps assuming the 
Site use remains in its current undeveloped form.  

The Interim SMP presented the identified data gaps and preliminary scope items to address the 
identified data gaps. The proposed scope items included installation of additional gas and 
groundwater monitoring wells outside the Site boundaries, field screening, laboratory analysis of 
vapour samples to confirm VOC species that are present, groundwater monitoring, interviews with 
AQIS and test pitting to confirm the type of wastes present within the landfill.  

The Interim SMP also presented the anticipated ‘final’ remediation and site management actions, 
including possible actions should redevelopment for a more sensitive land use be considered. 

Proposal for Offsite Gas Investigation (GHD 2014a) 

GHD prepared a proposal to undertake the identified actions in relation to gas migration beyond the 
boundaries of the Site as presented in the Interim SMP. This proposal also served as a SAP for the 
proposed investigation works. 

The scope of work for the additional gas investigation comprised: 

• Installation of 13 gas monitoring wells around the perimeter of Daly Street (six on the western 
boundary, three on the northern boundary and four on the eastern boundary). 

• Installation of six gas monitoring wells around the perimeter of Sandown Park (two on the western 
boundary and four on the eastern boundary). 

• Landfill gas monitoring at the newly installed and selected existing wells during six events over a 
three-month period. 

Scope Change for Offsite Gas Investigation (GHD 2014b) 

GHD prepared a letter report to document scope changes to the proposed off-site landfill gas 
investigation. The following variations to the proposed investigation occurred as a result of access 
constraints: 

• Daly Street: Six of the proposed 13 gas wells could not be installed due to access restrictions to 
the Douro Road Shopping Centre. 

• Sandown Park: Five of the proposed six gas wells could not be installed due to access restrictions 

GHD considered that the sampling program was still sufficient to allow assessment of off-site 
gas/vapour risks with respect to part of the Daly Street area (residential properties to the west and 
commercial properties to the south-east) and the Hollis Park area (which relies upon use of existing 
on-site wells only). Additional work was required to assess risks in the remaining areas (commercial 
properties to the north-east of Daly Street and areas adjacent to Sandown Park).  

GHD reported that the City of Fremantle was attempting to arrange access to the restricted areas. 

  



 
Audited Documentation 
 

p11455_rpt01_rev0_mar.docx 
 13 

Offsite Landfill Gas and Vapour Investigation (GHD 2015) 

An Off-site Landfill Gas and Vapour Investigation was completed by GHD in 2014. The objective of 
this work was to determine the potential for offsite gas and vapour migration at the boundaries of Daly 
Street and Sandown Park. 

The scope of work for the investigation comprised: 

• Installation of eight off-site gas monitoring wells (five on the western side of Daly Street, two on 
the eastern side of the Daly Street area (south of the South Fremantle Marketplace Shopping 
Centre) and one along the north/eastern side of Sandown Park).  

• Six landfill gas and vapour monitoring events at fortnightly intervals between 13 March 2014 and 
29 May 2014 at the eight newly installed off-site gas wells and 13 existing on-site gas wells. 
Sampling locations are shown on Figure 4. 

The results from ground gas monitoring generally confirmed the results from previous phases of 
investigation and identified that the concentrations of landfill gases in off-site wells were very low, with 
only minor detections of methane (0.1%) and low concentrations of carbon dioxide (maximum of 
13.5%) in a limited number of wells. 

Calculation of GSVs for the three landfill areas confirm the results from the previous investigations, 
indicating fairly stable landfill gas and vapour conditions: 

• Daly Street and Sandown Park: Characteristic Situation 2; ‘low’ risk.  

• Hollis Park: Characteristic Situation 1; ‘very low’ risk.  

GHD also presented the following conclusions and recommendations with regards to potential risks to 
receptors: 

• West of Daly Street area and east of Daly Street/Hollis Park areas (excluding Geodis Wilson 
Building): very low risk, limited further action to confirm results specifically in relation to hydrogen 
sulphide at POB01. 

• East of Daly Street area (Geodis Wilson Building): low risk, limited further action to confirm the 
current risk rating (including building inspection). 

• North-west of Daly Street area (South Fremantle Marketplace Shopping Centre): no access 
available, potentially low to very low risk; however, previously proposed sampling required to 
confirm risk. 

• North, west and south of Hollis Park: no risk, no further action required. 

• West and east of Sandown Park: very limited access available (only one well able to be installed), 
potentially low risk; however, previously proposed sampling required to confirm risk. 

• South of Sandown Park: moderate to low risk, management measures at the Fremantle Chalet 
Village to be continued, no further action required.  

• Below ground maintenance works on site and at adjacent land: potential risk during entry into a 
confined space, confirm that suitable administrative controls are in place to manage the risks. 

• Existing Site visitors (fenced footpath): no risk, no further action required. 

• Future Development: further assessment required for any potential future development at the Site.  

In addition to the recommendations presented above, GHD also recommended that a strategy for 
monitoring of the Site as a whole should be continued as an interim measure until the assessment of 
remaining boundaries has been completed and an assessment has been made concerning long term 
management/remediation actions for the Site.  
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2016 Offsite Landfill Gas and Vapour Investigation (GHD 2017) 

An additional Off-site Landfill Gas and Vapour Investigation was completed by GHD in 2016. The 
objective of this investigation was to “address the remaining uncertainties concerning potential for 
offsite landfill gas migration at the Daly Street and Sandown Park areas of the Site”. 

The scope of work for the additional investigation comprised: 

• Installation of 12 gas wells along the western and eastern boundaries of Sandown Park, 
comprising five shallow gas wells (3 m BGL) and 7 deep wells (17 m BGL). 

• Six landfill gas and vapour monitoring events at fortnightly intervals between 5 April 2016 and 
16 June 2016 at the 12 newly installed off-site gas wells and 11 existing on-site gas wells. 
Sampling locations are shown on Figure 5.  

• An internal building survey (indoor air quality monitoring) at the adjacent Geodis Wilson offices 
and warehouses (223 Hampton Road, South Fremantle). 

Elevated concentrations of methane were detected in wells located in the central portion of Sandown 
Park (MBD11 and MBD13), with concentrations as high was 54.7% (MBD11). Elevated concentrations 
of carbon dioxide were recorded across various parts of Sandown Park, with concentrations as high 
as 30.3% (MBD11). Elevated concentrations of carbon dioxide were also detected within Daly Street 
and off-site to the east (Geordis Wilson), with concentrations as high was 13.7% (POB08). Depleted 
oxygen was associated with elevated areas of carbon dioxide. Flow rates were again low in all wells, 
with a maximum flow of 0.2 L/hour recoded in the central and western portions of Sandown Park. 

The concentrations of gases from existing wells were largely consistent with previous data. 

Calculation of GSVs for different landfill areas confirm the results from the previous investigations, 
indicating fairly stable landfill gas and vapour conditions: 

• Daly Street (western boundary): Characteristic Situation 1; ‘very low’ risk. 

• Daly Street (on-site and eastern boundary): Characteristic Situation 2; ‘low’ risk (elevated from 
‘very low’ risk due to elevated carbon dioxide). 

• Hollis Park: Characteristic Situation 1; ‘very low’ risk.  

• Sandown Park (on-site, eastern boundary (deep), western boundary): Characteristic Situation 2; 
‘low’ risk. 

• Sandown Park (eastern boundary (shallow)): Characteristic Situation 1; ‘very low’ risk. 

A detailed risk assessment was included as part of the Off-site Landfill Gas and Vapour Investigation. 
The risk assessment was separated into an assessment of risks for the western boundary of Sandown 
Park (adjacent off-site residential properties) and an assessment of risk for other boundaries and 
onsite areas.  

The detailed risk assessment concluded that the presence of landfill gases at the western boundary of 
Sandown (particularly elevated carbon dioxide) was unlikely to pose a risk relevant off-site receptors 
and that no further action was required with the Site in its current undeveloped form. 

The detailed risk assessment for the remaining site boundaries and onsite areas concluded that the 
presence of landfill gases posed a very low risk to the identified receptors, with the exception of the 
southern boundary of Sandown Park where there was a moderate to low risk. The landfill material 
extends beyond the southern boundary of the Site and it is understood that separate investigations are 
being undertaken by the owners of the adjacent site (Fremantle Chalet Village).  

The risk assessment concluded that further assessment would be required should the Site be 
developed for any future use. Further assessment would also be required for any future development 
of the Geodis Wilson Building to the east of the Site. 
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The report recommended that as a precautionary measure, the City of Fremantle should confirm that 
administrative controls are in place with relevant utility companies to manage risks to intrusive 
maintenance workers and that the Interim SMP should be updated based on the outcomes from the 
assessment. 

The report also recommended that the remaining action items presented in the Interim SMP be 
implemented, which included further assessment of groundwater and preparation of a Remediation 
Action Plan (RAP) or Site Management Plan (SMP) to outline the required actions to address risk to 
enable reclassification of the Site. 

3.3 Background Documents 

The Auditor has also been provided with a report prepared by 360 Environmental in December 2014, 
which documented the results from a landfill gas assessment at the adjacent Fremantle Chalet Village 
(located to the south of Sandown Park). The objective of this investigation was to determine the risk to 
human health from landfill gas generation and entrapment at the Fremantle Chalet Village.  

The scope of the landfill gas assessment comprised monitoring of nine newly installed gas monitoring 
wells (screen depths ranged from 1 – 2 m BGL to 4.6 – 6.5 m BGL), one existing gas monitoring well 
(screen depth 1 – 2 m BGL) and seven locations beneath the existing building infrastructure over a 
period of 6 months (nine monitoring events) using a portable gas analyser (GA5000). 

Elevated concentrations of landfill gases were detected across the property, with the highest 
concentrations reports in the northern and central portions (methane 72.9% and carbon dioxide 24.2% 
in MW5). Due to the absence of flow at the tested locations the risk associated with the presence of 
landfill gases was considered to be low. Concentrations of landfill gases measured in the subfloor 
spaces were consistently low (maximum of 0.1% methane and carbon dioxide).  

The maximum calculated GSV value during the investigation was 0.0424 L/hour (MW7; 2 July 2014). 
This represents a very low risk and supports the results from sampling of the subfloor spaces. 

360 Environmental recommended that ongoing landfill gas monitoring be undertaken to ensure that 
the risk remains suitably low and that further investigations should be undertaken to characterise the 
nature and extent of landfill materials at the Fremantle Chalet Village.  

The Auditor considers that the results from the 360 Environmental (2014) report support the results 
from sampling undertaken by GHD as part of the audited investigations. That is, that whilst elevated 
concentrations of landfill gases are present in the southern portion of the Site (Sandown Park) and 
the adjacent Fremantle Chalet Village, the absence of flow indicates that these are likely to present 
a low risk under the current land use scenarios and provided that appropriate management 
measures are maintained. 

3.4 Site Inspections 

The Auditor has undertaken a number of site inspections since being commissioned in 2009, the most 
recent of which was completed on 2 May 2017. The Auditor was accompanied by Mr Joseph 
Zappavigna (Senior Environmental Health Officer, City of Fremantle) and DWER Representatives 
(Rowena Beaton and Andrew Miller).  

The conditions observed during the site inspection were generally consistent with those reported by 
GHD. Evidence of revegetation was identified in a number of areas of Hollis Park. This is understood 
to be completed by community volunteers.  

A small number of potential asbestos containing material (ACM) fragments were identified on the 
ground surface and two breaches of on-site fencing were identified within the Hollis Park area. The 
City of Fremantle representative advised that he would instruct his works team to rectify these issues.  
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4.0 Site Characteristics 

4.1 Site Description 

The Site occupies an area of 19.4 ha and is located approximately 18 km south-west of the Perth CBD 
in the suburb of South Fremantle. The Site is separated into three areas, which are commonly referred 
to as ‘Daly Street’, ‘Hollis Park’ and ‘Sandown Park’. The Site location is shown in Figure 1. 

The majority of the Site is vacant and has no current formal use. A high-pressure gas main is present 
in the ground traversing Hollis Park in an east-west direction. No other significant infrastructure is 
present on the Site and the ground surface is generally covered by grass/scrub vegetation with 
occasional clusters of trees near the boundaries. A footpath running in a west to east direction is 
located in the central portion of the Site. The area surrounding the footpath is fenced off to prevent 
public access.   

The Auditor considers that the site description presented in the reports provided a sufficient 
understanding of the site layout and features. The Auditor found the site conditions to be generally 
consistent with the descriptions provided during the inspection undertaken on 2 May 2017; 
however, the Auditor noted the following features, which were not discussed in any of the preceding 
reports: 

• The eastern portion of Lot 39 (part of Daly Street) is separated from the remainder of the Site by 
a fence and is leased to a logistics company for the laydown of shipping containers. This area is 
sealed with a bitumen and is accessed via Hampton Road to the east. 

• A children’s playground is located in the western-most portion of the Hollis Park Area, with the 
ground surface in this area comprising landscaped grass and a sandpit (surrounding the play 
equipment). This area is separated from the remainder of the Site by a ring lock fence to the 
east.  

4.2 Land Use 

4.2.1 On-Site Land Use 

The Sandown Park and Daly Street areas were subject to quarrying/sand mining activities prior to the 
1930s and were subsequently used for waste disposal in varying phases until the closure of the 
landfills in 1980 and 1991, respectively. Hollis Park was subject to landfilling within natural 
depressions within sand dunes between 1931 and 1956. The landfills accepted a wide range of 
household and industrial waste. 

The majority of the Site currently comprises vacant and undeveloped land with limited public access.  

There is a proposal to develop the southern portion of Site for use as a solar farm (Sandown Park). 
The proposed solar farm will comprise above ground fixed array solar panels and supporting 
infrastructure including cabling, transformers and inverters, which will connect into the existing 
powerline located in the northern portion of Sandown Park. The majority of the ground surface will be 
unsealed, with small concrete footings required for solar panel arrays, substation infrastructure at the 
point of connection (switch gear, transformers, etc.), inverters and other minor infrastructure (to be 
confirmed based on design considerations). Under the proposed development, the City of Fremantle 
will maintain ownership of the land and the solar farm operator will hold a long-term lease of the land. 

The Auditor considers that the land use details provided a sufficient description of the former, 
current and proposed land use at the Site.  
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The Auditor notes that a portion of Lot 39 is leased to a logistics company for the laydown of 
shipping containers and a small area in the western portion of Hollis Park has been developed as a 
children’s playground. No changes to these areas are proposed. 

The Auditor also notes that the Site is zoned as “residential” as part of the City of Fremantle’s Town 
Planning Scheme No. 4.  

4.2.2 Surrounding Land Use 

The Site is surrounded by the following land uses, as described in GHD (2017): 

• North: residential properties to the north-west and commercial and industrial properties to the 
north-east. 

• East: a stormwater detention basin located on the north-eastern corner of Sandown Park (Lot 2 
and Lot 152 Cockburn Road). Hampton Road and Cockburn Road are located to the east of the 
Site. 

• South: Fremantle Chalet Village (short and long-term occupancy).  

• West: residential properties (former industrial area). The Indian Ocean is located approximately 
300 m to the west of the Site.  

The Auditor considers that the surrounding land use information provided a sufficient description of 
the land use around the Site. 

4.3 Topography 

The topography of the Site is highly variable as a result of landfilling operations. The highest point of 
the Site is located along the eastern boundary of Hollis Park (19 m AHD) and the lowest point is along 
the western boundary of Daly Street (7 m AHD). 

The western portion of Sandown Park was subject to a topographical survey, at the location of the 
linear ditch. The base of the ditch recorded an elevation of 9.6 m AHD to 10.2 m AHD and the 
elevation at the crest of the development platform was at an elevation of 11.3 m AHD to 11.7 m AHD.  

The Auditor considers that the information presented provided a sufficient understanding of the 
topographic conditions at the Site and in the region.  

4.4 Geology 

The natural geology of the area was reported to comprise Safety Bay Sand (Qhs) overlying Tamala 
Limestone (Qtl) (GHD 2012), which was described as follows: 

• “Safety Bay Sand – Calcareous Sand, white, medium grained, rounded quartz and shell debris, 
well sorted, of eolian origin, relief 0 m to 15 m.  

• Tamala Limestone (late Pleistocene) – Pale yellowish brown, fine to coarse grained, sub-angular 
to well rounded, quartz, trace of feldspar, shell debris, variably lithified, surface kankar, of eolian 
origin, relief 0 m to 60 m.” 

Excavation and subsequent landfilling has resulted in significant spatial variation in the occurrence of 
natural strata which is overlain by variable thicknesses of heterogenous waste materials at the Site. 
Waste material thickness ranges from 1 m to 5 m in the Hollis Park area to 12 m to 14 m in the 
Sandown Park area. 
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The Auditor considers that the regional and Site geology descriptions provided an appropriate 
summary of geological conditions encountered at the Site. 

4.5 Hydrogeology 

The Site is underlain by the shallow unconfined Superficial Aquifer, which has a saturated thickness of 
approximately 20 m. Regional groundwater contours indicate groundwater flow direction is westerly 
towards the Indian Ocean and that the groundwater elevation in the vicinity of the Site is 
approximately 1 m AHD. Based on the elevation of the ground surface the depth to groundwater would 
range from 6 m BGL to 18 m BGL.   

GHD (2012) reported that groundwater investigations at the Site have identified some variable 
groundwater flows, particularly in the Hollis Park area, where localised groundwater mounding occurs 
in the western portion.  

Groundwater elevations of approximately 0.7 m AHD were recorded during post-winter monitoring 
events and elevations of approximately 0.3 m AHD were recorded during post-summer monitoring 
events.  

Groundwater generally did not intersect the interpreted extent of infilled excavations, with only isolated 
instances of groundwater intersecting the lowest layers of waste/fill, which generally comprised non-
putrescible sand/silt fill materials rather than waste. 

There are 28 registered bores located within a 1 km radius of the Site, the majority of which are 
located to the east and west of the Site (GHD 2012). Where stated, the indicated uses of the bores are 
observation/monitoring, irrigation and steam laundry uses. Based on the available information, 
irrigation was considered to be the highest beneficial use of groundwater within the vicinity of the Site.  

The Auditor considers that the hydrogeological descriptions provided an appropriate summary of 
the hydrogeological conditions encountered at the Site.  

4.6 Hydrology 

There are no surface water bodies located on the Site. The nearest surface water feature is the Indian 
Ocean, which is located approximately 300 m to the west of the Site.  

Rainfall is expected to infiltrate via the unsealed ground surface and in instances of high rainfall, 
surface water flows are expected to follow the topography of the Site and potentially discharge to the 
stormwater detention basin located in the eastern part of the Site. 

The Auditor considers that the hydrological description provided an appropriate summary of the 
hydrological conditions encountered at the Site. 

4.7 Extent of Contamination 

A number of soil, groundwater and landfill gas investigations have been undertaken at the Site since 
1985 to characterise potential contamination issues. A summary of the extent of identified soil, 
groundwater and landfill gas impacts is presented in the following sections.  

4.7.1 Soil Contamination 

The contamination status of soil was summarised in the Detailed Site Review (GHD 2012), which 
based on investigations completed by previous consultants (primarily Golder Associates Pty Ltd in 
2007).  
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The approximate volumes and depths of waste material, were estimated by to be as follows: 

• Daly Street: 165,000 m3, waste starting at less than 2 m from the ground surface to depths of 5 m 
to 10 m from the ground surface. 

• Hollis Park: 219,000 m3, waste depths of 1 m to 5 m from the site surface, generally thicker in the 
south and minimal waste in the central north portion. 

• Sandown Park: 554,000 m3, base of the waste typically at a depth of 12 m to 14 m from the 
ground surface. 

GHD reported that concentrations of contaminants varied greatly across the Site, as would be 
expected for a highly heterogenous fill consisting of waste materials.  

A number of adopted guideline exceedances (EILs and/or HILs) were identified, specifically in relation 
to heavy metals (arsenic, cadmium, copper, lead, mercury and zinc). It was noted that due to the 
highly heterogeneous nature of waste materials the presence of other inorganic and organic 
contaminants in soil could not be precluded. ACM is also present in fill materials. 

No soil sampling has been completed since the Auditor’s commission in 2009, with only limited 
information on the contamination status of soils provided in the Detailed Site Review (GHD 2012). 

Under the current land use access to the Site is generally restricted to a paved walkway via fencing 
and vegetation. This is considered to appropriately restrict access to soil contamination within the 
landfill area; however, during the site inspection on 2 May 2017 a number of breaches in fencing 
were noted and a number of ACM fragments were identified on the ground surface at various 
accessible locations at the Site.  

A children’s playground is located in the western-most portion of the Hollis Park Area, with the 
ground surface in this area comprising a grassed area, with the exception of a small area of 
exposed soils along the eastern fence line. A review of available historic information indicates that it 
is unlikely that any landfill material was deposited in this area, with contamination likely limited to 
runoff of building rubble from up-gradient areas of Hollis Park during high rainfall events (including 
potential fragments of ACM as identified during the site inspection on 2 May 2017).  

The potential exposure risks identified above are being managed by the City of Fremantle on a 
generally ad hoc basis (e.g. repairs to fencing, collection of ACM and proposed mulching of the 
exposed soils within the playground area). The Auditor considers that a SMP should be developed 
to clearly identify the management actions that should be implemented to control potential exposure 
to soil contamination. The SMP should be clearly communicated to all relevant parties to ensure 
they are aware of contamination issues and understand the requirement for regular upkeep and 
management of the area. 

The Auditor has been informed that community planting also occurs in some parts of the Site. The 
City of Fremantle advised that this is managed via an asbestos management plan, which is 
communicated to all workers participating in this activity. This management plan is also 
implemented for ad hoc removal of fragments of ACM which are identified at the Site. A copy of the 
asbestos management plan is included in Appendix C.  

Based on the limited soil data available, the Auditor considers that should any potential future 
development of the Site be proposed further characterisation of soils at the Site, including capping 
materials, would be required to assess potential risks.  

4.7.2 Groundwater Contamination 

The contamination status of groundwater was summarised in the Detailed Site Review (GHD 2012), 
which was based on investigations completed up to October 2007 by previous consultants (Golder 
Associates Pty Ltd, Aquaterra and WSP Environmental).  
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Published information indicated that regional groundwater quality in the general vicinity was high in 
salinity (TDS 500 mg/L to 1000 mg/L) and was known to have elevated concentrations of dissolved 
iron and nitrate (typically more than 1 mg/L).  

Groundwater investigations undertaken at the Site identified the presence of substances considered to 
be indicative of landfill impact upon groundwater. A number of contaminants were recorded in 
groundwater at concentrations exceeding the adopted assessment levels, as follows: 

• Marine Water Guidelines: ammonia, arsenic, cadmium, copper, lead, mercury, nickel, zinc, 
benzene, phenol, PCB and dieldrin. 

• Drinking Water Guidelines: nitrate, arsenic, cadmium, chromium, nickel, selenium, benzene, and 
methylene chloride. Aesthetic impacts related to TDS, metals, chloride, ammonia and 1,2-
dichlorobenzene were also noted. TPH at concentrations exceeding the Dutch Intervention Value 
were also reported in groundwater. 

• Domestic Non-Potable Groundwater Use Guidelines: arsenic, cadmium, chromium, iron, selenium, 
ammonia, benzene, total phenols and 1,2-dichlorobenzene. 

• Long-Term Irrigation Water Guidelines: arsenic, cadmium, chromium, copper, iron, manganese, 
selenium, nitrogen, E. coli and chloride. 

The results from groundwater monitoring indicated that there was significant variation in groundwater 
quality at the Site. Groundwater quality at the Site appeared to be impacted from the landfill and the 
impacts decreased with distance from the landfill. 

Further groundwater monitoring was recommended as part of the Interim SMP to confirm the 
hydrogeological regime including background groundwater quality, the scale of groundwater impacts 
onsite and down-gradient groundwater quality. 

No groundwater monitoring has been completed since the Auditor’s commission in 2009, with 
information on the contamination status of groundwater provided in the Detailed Site Review (GHD 
2012).  

Groundwater monitoring results indicate that the landfill has caused groundwater impacts that may 
pose a risk to the identified beneficial uses of groundwater.  

The Auditor concurs with the actions identified in the Interim SMP in relation to groundwater and 
agrees that further groundwater monitoring is required to characterise the current groundwater 
conditions and to assess the risks posed to the identified receptors, including down-gradient 
groundwater users.   

4.7.3 Landfill Gas Contamination 

A number of landfill gas investigations have been completed by GHD at the Site since 2010. The 
results from these investigations were generally consistent and indicated the following: 

• Daly Street: Elevated carbon dioxide (>20%) and depressed oxygen (as low as 0%). 
Characteristic Situation 2; ‘low’ risk (elevated from ‘very low’ risk due to elevated carbon dioxide). 

• Hollis Park: No indication of landfill gas generation. Characteristic Situation 1; ‘very low’ risk. 

• Sandown Park: Elevated methane (>50%) and carbon dioxide (>30%) and depressed oxygen (as 
low as 0%). Characteristic Situation 2; ‘low’ risk. 

Under the current land use at the Site and surrounding properties, the concentrations of landfill gases 
detected were not considered to pose a risk due to the absence of significant gas flow. It was 
identified that should any development at the Site or at surrounding properties (specifically in relation 
to the Geodis Wilson Building to the east of Daly Street) be proposed, further assessment of potential 
risks associated with landfill gas should be undertaken.  
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The Auditor considers that the landfill gas data obtained as part of the investigations undertaken by 
GHD provided a suitable basis for characterisation of the landfill gas regime at the Site. 

The Auditor generally concurs with conclusions presented in the 2016 Offsite Landfill Gas and 
Vapour Investigation; that under the current land use the Site is unlikely to pose a risk to the 
identified receptors (including occupiers and users of adjacent off-site properties). The Auditor also 
concurs that should any development be proposed at the Site then further works and/or 
management would be required to manage the potential risks associated with the presence of 
landfill gas. 

Based on the results presented, the Auditor considers the risk assessment for the off-site property 
(Geodis Wilson Building) to be overly conservative. Results from the landfill gas monitoring well 
located between the Site and the Geodis Wilson Building (POB08) reported elevated carbon dioxide 
concentrations ranging from 11.3% to 13.7% and depleted oxygen ranging from 6.3% to 8.4%. No 
methane or flow was recorded at this location. The GSV for this well was initially calculated to be 
Characteristic Situation 1 (very low risk) but was provisionally elevated to Characteristic Situation 2 
(low risk) due to carbon dioxide concentrations being greater than 5%. The Auditor considers that 
that this risk assessment is overly conservative and that no further restrictions, beyond those that 
would typically be required as part of any redevelopment of the site, are required for the Geodis 
Wilson Building. 

4.8 Conceptual Site Model 

4.8.1 Preliminary Conceptual Site Model 

A Preliminary CSM outlining the sources of contamination, potential pathways and receptors was 
presented in the SAP (GHD 2010a), noting that the CSM was limited to ground gas and vapour 
contamination sources. A more comprehensive CSM was presented in the Detailed Site Review (GHD 
2012). A consolidated Preliminary CSM from these reports is summarised as follows. 

Sources 

The following potential sources of contamination were identified at the Site: 

• Former landfill: ground gases (methane, carbon monoxide, hydrogen sulphide, carbon dioxide and 
depleted oxygen) and volatile organic compound vapours. 

• Inorganic and organic substances and pathogens within waste/fill materials. 

• Mobile contaminants within groundwater. 

Pathways 

The following preferential migration pathways were identified: 

• Lateral and vertical migration via permeable strata. 

• Migration through service channels/ducts. 

• Direct contact with contaminants (in soil and groundwater). 

• Wind borne dust. 

• Migration of mobile contaminants via groundwater abstraction (non-potable use/irrigation). 

Receptors 

The following sensitive receptors were identified: 

• Recreational users. 

• Construction and maintenance workers. 

• Future site occupants and workers. 
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• Adjacent residents, Fremantle Chalet Village occupants and workers, occupants and workers at 
adjacent commercial properties. 

• Buildings/infrastructure (explosive risk). 

• Environment – flora and fauna. 

• Groundwater. 

• Indian Ocean. 

4.8.2 Revised Conceptual Site Model 

A revised CSM was presented in the 2016 Off-site Landfill Gas and Vapour Investigation (GHD 2017) 
on the basis of the results obtained as part of the previous investigations. The revised CSM is 
summarised as follows. 

Sources 

The following potential sources of contamination were identified at the Site: 

• Ground gases and vapours. 

• Inorganic and organic substances and pathogens within waste/fill materials. 

• Mobile contaminants within groundwater. 

Pathways 

The following preferential migration pathways were identified: 

• Lateral and vertical migration of gases/vapours via permeable strata. 

• Vertical migration of gases/vapours to buildings and intrusion (asphyxiation and/or explosion). 

• Direct contact with contaminants (in soil and groundwater). 

• Wind borne dust. 

• Migration of mobile contaminants via groundwater abstraction (non-potable use/irrigation). 

• Lateral migration via groundwater flow. 

Receptors 

The following sensitive receptors were identified: 

• Recreational users (fenced footpath). 

• Maintenance workers. 

• Adjacent site users/residents. 

• Future site users (not considered in assessments undertaken to date). 

• Environment – flora and fauna. 

• Groundwater. 

• Indian Ocean. 

• Buildings/infrastructure (explosive risk). 

 

The Auditor considers the information presented within the CSMs to be adequate for the intended 
purpose and generally in accordance with relevant guidelines. The Auditor considers that the 
revised CSM is suitable to establish a reasonable assessment of risk based on the identified 
contamination. 
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The Auditor concurs that, whilst there are a number of potential complete pollutant linkages present 
which may pose a risk to the identified receptors associated with future development of the Site, 
under the current land use (restricted to passive recreation via a paved foot path) there are unlikely 
to be significant risks to the identified current receptors. 

The Auditor considers that any potential risks associated with the current use of the Site as de facto 
public open space could be managed by implementation of a SMP that is communicated to all 
relevant parties and appropriate restrictions on land use.   



 
Basis for Adoption of Assessment Criteria 
 

p11455_rpt01_rev0_mar.docx 
 24 

5.0 Basis for Adoption of Assessment Criteria 

5.1 Soil Assessment Criteria 

No soil assessments were undertaken as part of the investigations reviewed by the Auditor.  

5.2 Groundwater Assessment Criteria 

No groundwater assessments were undertaken as part of the investigations reviewed by the 
Auditor. 

5.3 Landfill Gas Assessment Criteria 

The following criteria were adopted for the assessment of ground gas: 

• Wilson, S., Oliver, S., Mallett, H., Hutchings, H. and Card, G. (2007) Assessing risks posed by 
hazardous ground gases to buildings. CIRIA C665. 

 Gas Screening Values 

• New South Wales Environment Protection Authority (NSW EPA) (2012) Guidelines for the 
assessment and management of sites impacted by hazardous ground gases.  

• National Occupational Health and Safety Commission (NOHSC) (1995) Adopted National 
Exposure Standards for Atmospheric Contaminants in the Occupational Environment. 
NOHSC:1003(1995). 

• Department of Health (DoH) (2009) Hydrogen sulfide and public health. [Online]. Available at: 
http://ww2.health.wa.gov.au/Articles/F_I/Hydrogen-sulfide-and-public-health  

 

The Auditor considers that based on the identified receptors and the proposed ongoing de facto 
public open space land use, the landfill gas assessment criteria adopted are suitable for the 
assessment of contamination at the Site. 

http://ww2.health.wa.gov.au/Articles/F_I/Hydrogen-sulfide-and-public-health
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6.0 Guideline Compliance 

Each stage of work was reviewed by the Auditor for compliance with the ASC NEPM, DWER 
Contaminated Sites Guidelines and other relevant guidelines.  

The Auditor considers that the landfill gas data presented as part of the audited reports were 
collected in a manner in general accordance with relevant regulations and guidelines such that it 
was suitable for use in the assessment of potential risks from landfill gas contamination. It should be 
noted that the risk assessment followed CIRIA C665 and as such relied heavily on the lack of flow 
to develop low risks. On occasion, especially in Sandown Park, ground gas methane concentrations 
were high (i.e. greater than the upper explosive limit (UEL) of 15% v/v methane in air) and as such 
should still be treated with caution. 

6.1 Conceptual Site Model 

The Auditor considers that a suitable CSM has been developed for the Site, which identifies the 
potential sources, pathways and receptors. The CSM was revised following each stage of 
investigation and is sufficient to establish a reasonable assessment of risk. 

6.2 Sampling and Analysis Program 

Evidence of planning for sampling and analysis of landfill gas was provided in the SAP (GHD 
2010a), Proposed Revision to Monitoring Strategy – Stage 2 (GHD 2010b), Gas/Vapour 
Assessment. Stage 2 Works – Fee Proposal (GHD 2010c), Proposal for Offsite Gas Investigation 
(GHD 2014a) and Scope Change for Offsite Gas Investigation (GHD 2014b). 

The Auditor considers that the objectives and scope of work for the landfill gas investigations were 
undertaken with appropriate consideration of the ASC NEPM and the Contaminated Sites 
Guidelines.  

6.3 Data Quality Objectives 

DQOs were presented in the SAP (GHD 2010a), Interim SMP (GHD 2013), Proposal for Offsite Gas 
Investigation (GHD 2014a), Offsite Landfill Gas and Vapour Investigation (GHD 2015) and 2016 
Offsite Landfill Gas and Vapour Investigation (GHD 2017). 

The Auditor considers that the DQOs were prepared in a manner consistent with the ASC NEPM 
and the Contaminated Sites Guidelines and were suitable for the purposes of the investigations.  

6.4 Quality Assurance / Quality Control 

Quality assurance (QA) and quality control (QC) data was summarised in the SAP (GHD 2010a), 
Offsite Landfill Gas and Vapour Investigation (GHD 2015) and 2016 Offsite Landfill Gas and Vapour 
Investigation (GHD 2017). 

The Auditor considers that the QA procedures and QC sampling described in the audited 
documentation were consistent with relevant regulations and guidelines and were appropriate for 
the DQOs established for the investigations. The Auditor also considers that QA/QC data indicate 
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that the results obtained during the investigations are of a suitable quality for use in the assessment 
of the risks posed by landfill gas contamination at the Site. 

6.5 Community Consultation 

The City of Fremantle has established the South Fremantle Stakeholder Advisory Group (SFSAG) 
to ensure effective communication between relevant stakeholders, including members of the local 
community concerning the Site. 

The City of Fremantle has liaised with the community via the SFSAG throughout the project to 
disseminate information concerning the works undertaken. The City of Fremantle has also 
undertaken additional specific community consultation throughout the project as required including 
the following: 

• Issuing community consultation letters for specific stages of investigation. 
• Undertaking meetings/discussions with land owners/occupiers/local residents. 
• Providing contact details for an appointed City of Fremantle official to receive and address any 

queries from the local community. 
• Communicating potential risks to workers participating in community planting events at the Site. 

The Auditor considers that the community consultation undertaken to date is appropriate for the 
identified contamination and is generally consistent with the Contaminated Sites Guidelines.  

The Auditor considers that a SMP should be prepared to outline the further investigations and 
management measures that are required for the Site. This should be communicated to all relevant 
parties in accordance with DER (2014) Assessment and Management of Contaminated Sites 
guidelines.  

The City of Fremantle should ensure that appropriate community consultation continues as further 
information regarding the Site becomes available, such as results from the required future 
groundwater investigations.   

6.6 Risk Identification and Assessment 

A semi-quantitative risk assessment for landfill gas risks was presented in the 2016 Offsite Landfill 
Gas and Vapour Investigation (GHD 2017). Based on the results from the risk assessment, GHD 
concluded that under the current land use scenarios there was a ‘very low’ or ‘low’ risk at the Site 
and at all off-site boundaries associated with the presence of landfill gases, with the exception of 
the southern boundary of Sandown Park (adjacent to Fremantle Chalet Village) where there was a 
‘moderate to low’ risk due to the extension of landfill material across this boundary. The Auditor 
understands that separate landfill gas investigations are being completed at Fremantle Chalet 
Village by 360 Environmental. 

The Auditor considers that the information presented in the 2016 Offsite Landfill Gas and Vapour 
Investigation (GHD 2017) provided a suitable basis on which to make an assessment of risk 
associated with landfill gas. The Auditor concurs with GHD’s conclusions regarding risk and agrees 
that under the current land use the risk from landfill gases is suitably low. 

The Auditor notes that there are a number of potential data gaps in the assessment of soil and 
groundwater that remain outstanding as identified in the Detailed Site Review (GHD 2012) and 
Interim SMP (GHD 2013). A number of the data gaps, particularly in relation to investigation of soil 
contamination are required if future development of the Site is proposed, whilst others, such as off-
site groundwater investigations are required to assess current risks from contamination at the Site.  
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7.0 Auditor’s Assessment 

7.1 Quality and Completeness 

The scope of work subject to audit was undertaken in a staged approach, consistent with the 
approach recommended in the ASC NEPM and Contaminated Sites Guidelines, noting that the 
investigations reviewed by the Auditor were limited to the investigation of landfill gas.  

The Auditor has critically and independently reviewed all of the reports listed in Section 3.1 and 
provided interim audit advice as listed in Table 3. The reports were subsequently finalised to 
incorporate the interim audit advice or a response was provided by the consultant where areas of 
the report could not be amended.  

The Auditor considers that the scope of work and results from the investigations were appropriate 
for the characterisation of contamination in sufficient detail to establish data that were reasonably 
representative of conditions at the Site. 

7.2 Assessment of Risk to Human Health and the Environment 

The Auditor considers that the findings of the reports subject to audit indicate that the identified 
contamination may pose a potential risk to the identified receptors. The risks from the identified 
contamination could be managed via implementation of management measures and appropriate 
restrictions being placed on the title; however, some further assessment or remediation may be 
necessary for groundwater and should any future development be proposed at the Site.  

7.3 Assessment of Potential Off-Site Migration 

The Site has not been formally classified as a “source site”, however, information presented in the 
BSR indicates that hydrocarbons, heavy metals, nutrients and microbiological indicators of 
pathogens are present in groundwater, extending off-site in a westerly direction. 

Whilst no groundwater monitoring was undertaken as part of the work reviewed by the Auditor, a 
summary of groundwater results from previous sampling was presented in the Detailed Site Review 
(GHD 212). The summary indicates that there is significant variation in groundwater quality; 
however, groundwater appears to be clearly impacted from the landfill. Further groundwater 
monitoring is required to characterise the current groundwater conditions including potential risks to 
off-site groundwater users. 

As part of the landfill gas investigations, a potential risk to off-site adjacent properties was identified 
associated with potential gas migration. The Auditor submitted a Form 1 (Report of a Known or 
Suspected Contaminated Site) for three adjacent properties located to the north of the Daly Street 
area (Lot 33 and Lot 34 Duoro Road and Lot 124 Hampton Road). The DWER classified these lots 
as ‘Possibly contaminated – investigation required’ on 24 September 2012. Following provision of 
additional information, these lots were subsequently reclassified as ‘Report not substantiated’ on 24 
June 2013.  

A number of off-site landfill gas monitoring events were completed to assess this risk to off-site 
properties. These investigations concluded that under the current land use at the Site, the 
concentrations of landfill gases detected were not considered to pose a significant risk to off-site 
properties due to the measured low rate of gas flow. It was identified that should any development 
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at the Site be proposed, further assessment of potential risks associated with landfill gas should be 
undertaken.  

Based on the landfill gas data, and in the context of the current use of the Site, the Auditor does not 
consider the Site to be a “source site” in relation to landfill gases.  

7.4 Expert Support 

Mr Steve Wilson, a Chartered Civil Engineer and UK Registered Ground Engineering Advisor 
specialising in landfill gas migration assessments, from The Environmental Protection Group 
Limited has assisted the Auditor with the review of the landfill gas migration components of the 
investigations.  

A statement identifying and signed by the expert support team member involved in this investigation 
(Form J) is provided in Appendix A. 

7.5 Audit Correspondence 

A list of correspondence relevant to the MAR is provided in Table 3 and copies of correspondence 
is presented in Appendix C. 

 
Table 3: Audit Correspondence 

Date Author Title Reference 

7 July 2010 Jason Clay  South Fremantle Landfills Contaminated Site Audit – Review of 
GHD’s ‘Proposed Revision to Monitoring Strategy – Stage 2 

60153520_LTR1_ 
7JULY10 

15 September 2010 Jason Clay  South Fremantle Landfills Contaminated Site Audit – Collection of 
Site Reports 

60153520_LTR2_ 
15SEP10 

25 February 2011 Jason Clay  South Fremantle Landfills Contaminated Site Audit – Update 60153520_LTR4_ 
25Feb11 

14 September 2011 Jason Clay Site Audit Review – Sampling and Analysis Plan 203 Daly Street, 
South Fremantle 

60153520_LTR05_ 
14SEP11 

2 May 2012 Jason Clay  Site Audit Review – Report for South Fremantle Landfill Site – 
Detailed Site Review, South Fremantle 

60153520_LTR06_ 
2May2012 

4 December 2012 Jason Clay  Site Audit Review – Report for South Fremantle Landfill Site – 
Detailed Site Review, South Fremantle (dated November 2012) 

60153520_LTR9_ 
4Dec2012 

20 March 2013 Steve Wilson 
(EPG)  

South Freemantle Landfill, Advice on Ground/Landfill Gas EPG/2013/AECOM
AUS/FM/Q001/04 

21 May 2013 Jason Clay Site Audit Review – Report for South Fremantle Landfill Site – 
Interim Site Management Plan, April 2013 

60153520_LTR10_
21May2013 

20 June 2013 Simon French 
(GHD)  

South Fremantle Landfill Site – Interim Site Management Plan 61/29215/133361 

31 January 2014 Jason Clay Site Audit Review –South Fremantle Landfill Site – Proposal for 
Offsite Gas Investigation. GHD, 30 January 2014 

60153520_LTR11_
31Jan2014 
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Date Author Title Reference 

January 2014 GHD  South Fremantle Landfill Site – Proposal for Offsite Gas 
Investigation. Response to Auditor Comments 

 

4 February 2014 Jason Clay  Site Audit Review – South Fremantle Landfill Site – Proposal for 
Offsite Gas Investigation. GHD, 3 February 2014 

60153520_LTR12_ 
4Feb2014 

22 September 2014 Jason Clay  Site Audit Review – Offsite Landfill Gas and Vapour Investigation 
Former South Fremantle Landfill Site  

60153520_LTR13_ 
22Sept2014 

16 December 2014 Jason Clay Site Auditor Review – Offsite Landfill Gas and Vapour 
Investigation Former South Fremantle Landfill Site October 2014 

60153520_LTR14_
16December2014 

13 March 2017 Jason Clay RE: SFLS Gas Risk Models  

April 2010 City of 
Fremantle 

City of Fremantle Asbestos Management Plan for the Former 
Landfill Site, Cockburn Road, South Fremantle 
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8.0 Auditor’s Conclusions and Recommendations 

8.1 Conclusions 

The Auditor considers that the current landfill gas regime has been characterised to an acceptable 
standard for the current land use (de facto public open space (restricted access)); however, notes 
that further investigation of groundwater is required to assess the potential risks to off-site 
groundwater users. Should any development of the Site be proposed in the future additional soil 
and landfill gas investigations may also be necessary. 

The Auditor is satisfied that the information contained in the reports referenced in Section 3.1 is 
generally complete, accurate and sufficiently compliant with the requirements of the ASC NEPM, 
Contaminated Sites Guidelines and other relevant published technical guidance as set out in this 
MAR. 

The information presented in the audited reports is sufficient to build a CSM that provides an 
appropriate representation of potential contamination issues at the Site. Consideration of potential 
source-pathway-receptor linkages indicates that there are a number of potentially complete 
pollutant linkage pathways, which should be subject to further investigation either in the short-term 
or as part of future development of the Site. 

Overall, the Auditor considers that the conclusions and recommendations presented in the reports 
were appropriate and concurs that, based on the information reviewed, the Site is suitable for 
ongoing use as de facto public open space (restricted access). The Auditor notes that further 
groundwater investigations are required to assess the risk to off-site receptors in the short-term and 
should any development of the Site be proposed in the future, additional soil and landfill gas 
investigations may be required. The Auditor also notes that GHD concluded further soil and landfill 
gas assessments would be required should the Site be developed for any future use. Further 
assessment would also be required for any future development of the Geodis Wilson Building to the 
east of the Site. 

The Auditor notes that there is a proposal for a portion of Sandown Park to be developed as a solar 
farm. Based on the likely layout of this facility (i.e. limited sealing of the ground surface and passive 
land use) the Auditor considers that the Site could be made suitable for this land use with limited 
further works, such as development of a SMP outlining appropriate management controls.     

8.2 Recommendation for Site Classification 

Based on the results from the audited reports, the Site is considered to be contaminated as defined 
by the Contaminated Sites Act 2003. The Auditor recommends that the Site is suitable for the 
ongoing use as de facto public open space (restricted access); however, considers that further 
assessment of groundwater is required to assess the potential risks to off-site receptors. 

The Auditor recommends that, pursuant to Part 2 Division 2 of the Contaminated Sites Act 2003, 
the DWER classify the Site, as defined in Section 2.0 as ‘Contaminated – remediation required’. 

The Auditor recommend that the following actions/restrictions be presented on the updated 
classification letter for the Site: 
• A SMP should be prepared to outline the ongoing management measures and further 

investigations that are required for the Site. This should be communicated and adhered to by all 
relevant parties. This would include regular inspections of the footpaths and play areas to check 
for the presence of ACM. 
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• The land use should be restricted to de facto public open space under the current layout. 
Further assessments would be required for any change in land use.  

8.3 Assumptions / Uncertainties 

Conclusions made in this report are subject to the following assumptions: 

• sample results are representative of actual conditions of the media; and 
• potential sources and receptors of significance have not been excluded from the CSM. 

Whilst it is acknowledged that uncertainties in the data may exist, the Auditor considers that they 
are not great enough to affect the overall assessment of risk.  
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Figures 

Figure 1: Site Location and Layout (Figure 1; GHD 2017)  

Figure 2: Soil Vapour Monitoring Locations (Figure 4; GHD 2010b)  

Figure 3: Soil Vapour, Stormwater Monitoring Locations with Trenches/Soakwells (Figure 4; 
GHD 2010d) 

Figure 4: Gas Investigation Wells (Figure 2; GHD 2015)  

Figure 5: Gas Investigation Wells (Figure 6; GHD 2017)  
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Form I: Mandatory auditor’s report—auditor’s statement (July 2015) DER2014001133-1 

 
 

Contaminated sites auditor scheme 
Contaminated Sites Act 2003 section 73(a) 

Form I: Mandatory auditor’s report—auditor’s statement 
 

This form is to be prepared by the contaminated sites auditor. 
 

Part 1 Details of accredited auditor 

Full name Jason Clay  

Contact address Level 5, The Grafton Bond, 201 Kent Street, Sydney, NSW 2000 

Postal address  
(if different from above)   

Telephone (02) 9994 8016 

Mobile 0410 431 674  

Fax (03) 9606 0074  

Email Jason.Clay@senversa.com.au  

Current employer: 
(company name) Senversa Pty Ltd  

In accordance with s 73(b) of the Contaminated Sites Act 2003 I formally advise the CEO of the 
Department of Environment Regulation that I have prepared the attached mandatory auditor’s 
report in respect of the following site. 

Site address South Fremantle, Western Australia 

Certificate of title details  
(parcel/lot number) Refer to attached table. 

Site description  
(attach site plan as 
appropriate) 

The Site comprises the Former South Fremantle Landfill sites, being ‘Daly 
Street’, ‘Hollis Park’ and ‘Sandown Park’ The Site occupies an area of 19.4 
ha and is located approximately 18 km south-west of the Perth CBD in the 
suburb of South Fremantle within the City of Fremantle. 

Name of person 
engaging the auditor to 
provide a mandatory 
auditor report 

Joseph Zappavigna (City of Fremantle) 

Date of engagement 16 December 2009  

 
  

[DER reference no.] 

DMO: 



Form I: Mandatory auditor’s report—auditor’s statement (July 2015) DER2014001133-1 

Part 2 Declaration and signature 

Under s 73(b) of the Contaminated Sites Act 2003, a mandatory auditor’s report cannot be 
accepted unless it is accompanied a statement identifying, and signed by the auditor to the effect 
that the report is accurate. 

I declare that 
I, Jason Clay (The auditor described in this statement) 
am the auditor engaged to prepare this mandatory audit report, relating to 

certificate of title details (parcel/lot number) Refer to attached table.  

site description 
The Site comprises the Former South Fremantle Landfill sites, being ‘Daly Street’, ‘Hollis Park’ and 
‘Sandown Park’ The Site occupies an area of 19.4 ha and is located approximately 18 km south-west of 
the Perth CBD in the suburb of South Fremantle within the City of Fremantle. 

site address South Fremantle, Western Australia  

and, that 

• I have not provided information in the report that I know is false or misleading in a material 
particular; 
 

• I have not provided information in the report with reckless disregard as to whether or not the 
information is false or misleading in a material particular; and  
 

• I have disclosed in the report all information that I know is materially relevant. 

 
________________________________ Date 25/07/2017 
(Accredited auditor’s signature) 
 

JASON CLAY 
(Full name in block capitals) 

 

 



Form J: Mandatory auditor’s report—expert’s statement (August 2015) DER2014001133-1 

 
 

Contaminated sites auditor scheme 
Contaminated Sites Regulations 2006 regulation 32(2) 

Form J: Mandatory auditor’s report—expert support team member’s 
statement 
 

This form is to be prepared by the expert support team member. 

 

Part 1 Details of expert support team  member 

Full name Steve Wilson 

Contact address 
Unit CU7, Warrington Business Park, Long Lane, Warrington, 
Cheshire, WA2 8TX 

Postal address  
(if different from above) 

  

Telephone 07971 277869 

Mobile . 

Fax 01925 652983 

Email stevewilson@epg-ltd.co.uk 

Current employer: 
(company name) 

The Environmental Protection Group Ltd 

In accordance with r 32(2) of the Contaminated Sites Regulations 2006 I formally advise the 
CEO of the Department of Environment Regulation that I have been engaged as part of an 
expert support team to prepare part of the attached mandatory auditor’s report in respect of the 
following site. 

Site address South Fremantle, Western Australia 

Certificate of title details  
(parcel/lot number) 

Refer to attached table. 

Site description  
(attach site plan as 
appropriate) 

The Site comprises the Former South Fremantle Landfill sites, being 
‘Daly Street’, ‘Hollis Park’ and ‘Sandown Park’ The Site occupies an 
area of 19.4 ha and is located approximately 18 km south-west of the 
Perth CBD in the suburb of South Fremantle within the City of 
Fremantle. 

Name of accredited 
auditor engaged to 
provide the mandatory 
auditor report 

Jason Clay  

[DER reference no.] 

DMO: 
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CT1745-017   Cockburn Road (FTL 5 ptn Lot 1) No. 17 – Vacant land south of Island 
Street with drainage sump. 
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Level 11, 

44 Market Street 

Sydney NSW 2000 

 

T +61 2 8295 3600 

F +61 2 9262 5060 

 

 ABN 20 093 846 925 
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7 July 2010 

 

Mr Matthew Piggott 

Environmental Health & Buildings Services Coordinator 

City of Fremantle 

PO Box 807 

Fremantle, WA, 6959 

 

By email 

Dear Matthew, 

 

South Fremantle Landfills Contaminated Site Audit - Review of GHD's 'Proposed Revision to Monitoring 

Strategy - Stage 2'  

 

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been commissioned by the City of Fremantle to undertake 

a Mandatory Audit Report of the South Fremantle Landfills in his capacity as a WA DEC accredited contaminated 

site auditor. 

AECOM has previously reviewed and accepted GHD’s Sampling an Analysis Plan (March 2010) for a Landfill 

Gas Survey and Health Risk Assessment. 

On 3 June 2010 AECOM was provided with the following GHD correspondence: 

1. South Fremantle Landfill Site Proposed Revision to Monitoring Strategy – Stage 2, 28 April 2010; and 

2. South Fremantle Landfill – Gas-Vapour Assessment Stage 2 Works – Fee Proposal. 

The Auditor makes the following comments on the above correspondence. 

It is presumed that the first correspondence is an interim report, prior to completion of Stage 2 works as it does 

not meet with DEC reporting requirements for such a document.  The Auditor understands that a comprehensive 

report will be provide as Stage 3 of this project. 

In any future document a stronger discussion and focus is required on how flow measurements were taken, 

including how appropriate were the borehole constructions for taking flow measurements.  Flow is a crucial 

element of the risk assessment for the project and there is no certainty that the flow pod was functioning properly 

as virtually no flow was recorded across two/three monitoring visits.  GHD also states that it was not possible to 

zero the flow pod for the second monitoring event and the effect of this on the data quality needs to be 

discussed. 

There are some discrepancies on the Gas Monitoring Results tables.  The 14/04/2010 table has Ambient Gas 

Concentrations in the header row, but the indicated results do not reflect ambient conditions, hence suggesting 

an erroneous measurement or significant issue.  There is also an ‘Ambient’ result in the data rows and this 

indicates different readings to the header row.  No units are provided for flow and no ‘Ambient Pressure’ reading 

is provided in the header row. 

The proposed Stage 2 works seem reasonable, however, bearing in mind City of Fremantle’s desire to redevelop 

these sites and the need to address the DEC’s concerns about the area the following additional works are 

recommended: 

1. Deep wells should be constructed to allow leachate to be collected and monitored. 

2. Laboratory confirmatory analysis should be undertaken on one in ten in-situ gas samples. 

3. Bulk soil/landfill material should be sampled and tested for a landfill suite to determine the gas 

generating capacity of the material. 

4. The boreholes should be sampled for VOCs in air and tested for as wider suite as possible. 



 AECOM   
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It would also be valuable to see some form of monitoring well integrity testing, i.e. to show that the wells are 

constructed appropriately and are not drawing atmospheric air.  

The scope of work outlined in the fee proposal for stage 2 seems appropriate but ideally the above additional 

items should be incorporated if possible.  It would also be good to understand the scope of stage 3 reporting as it 

is likely to contain Conceptual Site Model development which will be another important step in the process. 

These initial landfill gas monitoring results appear encouraging and I look forward to receiving results from 

Stages 2 and 3. 

 

Should you require any further information please do not hesitate to contact the undersigned. 

Yours sincerely, 

AECOM Australia Pty Ltd 

 

Jason Clay     

Associate Director - Environment     

+61 2 8295 4468  

 

  

 



 

15 September 2010 

 

Mr Matthew Piggott 

Environmental Health & Buildings Services Coordinator

City of Fremantle 

PO Box 807 

Fremantle, WA, 6959 

 

Dear Matthew, 

 

South Fremantle Landfills Contaminated Site Audit 

 

Further to our meeting on 21 July 2010 and 

write to provide confirmation that we are in general agreem

that we would make is that in 6.2 confirmatory laboratory analysis should be done at the same time as 

testing.  If no in situ testing is proposed th

analysis.  The confirmatory analysis is intended to 

As stated since the beginning of the project

relating to the site.  In order to improve the general understanding of the history of works at the site and hence 

improve our conceptual understanding, we provide the following lists of reports.

Table 1: Current list of reports AECOM is in 

Reports AECOM has in possession: 

Environmental Site Assessment City of Fremantle Landfill Sites at Daly Street & Hollis Park South Fremantle 

Western Australia, OTEK Australia Pty Ltd, September 

Environmental Site Assessment Sandown Park Site South Fremantle Western Australia, OTEK Australia Pty 

Ltd, May 2000 

Annual Groundwater Monitoring Report South Fremantle Landfill Site, City of Fremantle, October 2007

Golder Associates - South Fremantle Landfill Site 

Aspects, Perth WA - December 2007 

Golder Associates - Review of the groundwater monitoring program 

January 2006 

Golder Associates - Information Review 

Strategen/ Golder Associates - Stage 1 & 2 Report, Gap Analysis, work program and land use plan review 

June 2007 

GHD - South Fremantle Landfill site - Proposed Revision to 

GHD - Report for South Fremantle Landfill

GHD - City of Fremantle - Report for South Fremantle Landfill Site, Sampling and Analysis Plan March 2010

 

 

 

 

 

 

 

AECOM 

Level 11, 

44 Market Street 

Sydney NSW 2000 

 

T +61 2

F +61 2

Environmental Health & Buildings Services Coordinator 

South Fremantle Landfills Contaminated Site Audit – Collection of Site Reports 

and provision of a letter from GHD to yourself dated 20 August 2010, we 

that we are in general agreement with the works proposed by GHD.  One comment 

in 6.2 confirmatory laboratory analysis should be done at the same time as 

oposed then there would be no need to collect samples for confirmatory 

analysis is intended to validate the measurements taken in situ.   

of the project, it will be important to collate and review all the relevant information 

to improve the general understanding of the history of works at the site and hence 

, we provide the following lists of reports.  

AECOM is in possession of. 

:  

Environmental Site Assessment City of Fremantle Landfill Sites at Daly Street & Hollis Park South Fremantle 

Western Australia, OTEK Australia Pty Ltd, September 1999 

Environmental Site Assessment Sandown Park Site South Fremantle Western Australia, OTEK Australia Pty 

Annual Groundwater Monitoring Report South Fremantle Landfill Site, City of Fremantle, October 2007

Landfill Site - Redevelopment Options, Geographical and Environmental

Review of the groundwater monitoring program - South Fremantle Landfill Site Perth WA 

Review - Remediation Strategy, Costs and Risks, South Fremantle Landfill WA 

Stage 1 & 2 Report, Gap Analysis, work program and land use plan review 

Proposed Revision to Monitoring Strategy - Stage 2 April 2010 

Landfill Site, Sampling and Analysis Plan March 2010  

Report for South Fremantle Landfill Site, Sampling and Analysis Plan March 2010

T +61 2 8295 3600 

F +61 2 9262 5060 

 

By email 

20 August 2010, we 

.  One comment 

in 6.2 confirmatory laboratory analysis should be done at the same time as in situ  

confirmatory laboratory 

it will be important to collate and review all the relevant information 

to improve the general understanding of the history of works at the site and hence 

Environmental Site Assessment City of Fremantle Landfill Sites at Daly Street & Hollis Park South Fremantle 

Environmental Site Assessment Sandown Park Site South Fremantle Western Australia, OTEK Australia Pty 

Annual Groundwater Monitoring Report South Fremantle Landfill Site, City of Fremantle, October 2007 

Environmental 

South Fremantle Landfill Site Perth WA - 

Fremantle Landfill WA  

Stage 1 & 2 Report, Gap Analysis, work program and land use plan review - 

Stage 2 April 2010  

Report for South Fremantle Landfill Site, Sampling and Analysis Plan March 2010 
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AECOM  

Table 2: List of reports that the DEC has that AECOM does not. 

Reports AECOM is requesting to be provided with 

South Fremantle Tip Site Management Proposal, May 1991 

Hydrogeological Investigations South Fremantle Tip Site, Mackie Martin & Associates Pty Ltd, September 1992 

Preliminary Investigation South Fremantle Landfill Site, PPK Environment and Infrastructure Pty Ltd, 1998 

Groundwater Monitoring Program South Fremantle Landfill Site, South Fremantle, Western Australia, OTEK 

Australia Pty Ltd, September 1999 

Groundwater Monitoring November 1999 Fremantle Landfills Final,  ERM Mitchell McCotter, March 2000 

South Fremantle Landfill GME March 2001,  IT Environmental (Australia) Pty Ltd, 23 April 2001  

Groundwater Review South Fremantle Landfill Western Australia,  Stass Environmental, September 2000 

South Fremantle Landfill GME September 2001,  IT Environmental (Australia) Pty Ltd, 23 April 2001 

Groundwater Monitoring April 2002 South Fremantle Landfill South Fremantle WA,  PPK Environment and 

Infrastructure Pty Ltd, June 2002 

Groundwater Monitoring October 2002 South Fremantle Landfill South Fremantle WA,  PB Parsons 

Brinckerhoff, December 2002 

Groundwater Monitoring March 2003 South Fremantle Landfill South Fremantle WA,  PB Parsons Brinckerhoff, 

May 2003  

South Fremantle Landfill Environmental Management Plan Interim July 2004 – June 2005, City of Fremantle, 

July 2004 

Groundwater Monitoring October 2003 South Fremantle Landfill,  PB Parsons Brinckerhoff, February 2004 

Report Groundwater Monitoring May 2004 South Fremantle Landfill,  PB Parsons Brinckerhoff, July 2004 

Groundwater Monitoring October 2004 South Fremantle Landfill,  PB Parsons Brinckerhoff, December 2004  

Draft Report on Review of the Groundwater Monitoring Program South Fremantle Landfill Site,  Golder 

Associates, July 2005  

City of Fremantle Qualitative Health and Environmental Risk Assessment for the South Fremantle Landfill Site 

Draft Report, Aquaterra, August 2006 

 

Table 3: Reports AECOM or DEC does not have derived from the list of reports provided in the GHD - Report for South 

Fremantle Landfill Site, Sampling and Analysis Plan March 2010 

Reports AECOM is requesting to be provided with 

Taylor Burrell and Barnett (2004) South Fremantle Landfill Study April 2004  

Hassell Planning consultants Pty Ltd (1985) South Fremantle Tip and Foreshore Study 

CSIRO (1986) Investigation of the concentration of Methane Gas within the landfill, Corner Rollinson and 

Cockburn Road 

CSIRO (1989) Investigation of the concentration of Methane Gas within the South Fremantle landfill site 

Coffey Partners International (1989) South Fremantle Landfill Site : Geotechnical Review 

Halpern Glick Maunsell (1994) South Freo Tipsite Hydrological and Soil Monitoring 
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AECOM  

We would be grateful if you could organise for GHD to liaise with Sally Dodds at the DEC in order to get copies of 

those reports in Table 2 and make copies for themselves and myself (and the City of Fremantle if necessary).  

These reports should be summarised and used to help facilitate development of GHD’s conceptual model. 

If you could provide to GHD copies of those reports in Table 3 and have them copy them for AECOM, we would 

also be very grateful. 

We make this request as collating and reviewing all the relevant information relating to the site is an important 

component of a Mandatory Audit Report.  This will help GHD to develop a conceptual model which is a vital 

component of taking the site forward towards a conclusion. 

 

Should you require any further information or clarification please do not hesitate to contact the undersigned. 

Yours sincerely, 

AECOM Australia Pty Ltd 

 

Jason Clay 

Associate Director - Environment 

+61 2 8295 4468 

 

Cc Simon French  GHD 



 

25 February 2011 

 

Mr Joseph Zappavigna 

Senior Environmental Health Officer 

City of Fremantle 

PO Box 807 

Fremantle, WA, 6959 

 

Dear Joe, 

 

South Fremantle Landfills Contaminated Site Audit 

 

Further to our meeting on 9 February 2011, we write to provide an 

correspondence.  We received the following report from GHD:

South Fremantle Landfill Site Interim Assessment of Landfill Gas/Vapour Risks

correspondence from John Cramer and Simon French of GHD dated 

The Auditor has reviewed this interim assessment

We have also received the following correspondence

Correspondence from Jon Crame

Fremantle Landfill Detailed Site Rev

The Auditor makes the following comments on this correspondence.

1. The covering letter states: ‘…the Auditor concerning the scope of work he considers necessary for the 

above task,…’.  It is important to note that the Auditor does not determine the scope of work

what works are necessary.  The consultant mu

against DEC guidelines or best practice.

2. The Auditor considers this is a critical piece of work that will help determine what further works

need to be undertaken to allow

suitability for certain end uses.  

However, the conceptual model must consider potential future use

considered in light of the City of Fremantle

may be different depending on these different uses and 

Please note that AECOM has written to the DEC and requested to be provided with two 

reports held by the DEC that relate to this site.

exercise but we will keep you informed. 

We trust this information meets with your current needs.  

please do not hesitate to contact the undersigned.

Yours sincerely, 

AECOM Australia Pty Ltd 

 

Jason Clay 

Technical Director 

+61 2 8295 4468 

 

Cc Simon French  GHD 

AECOM 

Level 11, 

44 Market Street 

Sydney NSW 2000 

 

T +61 2

F +61 2

South Fremantle Landfills Contaminated Site Audit – Update 

9 February 2011, we write to provide an update on works since my last 

.  We received the following report from GHD: 

Interim Assessment of Landfill Gas/Vapour Risks attached to 

from John Cramer and Simon French of GHD dated 12 November 2010. 

assessment, agrees with its conclusions and has no further comment on it.

orrespondence: 

Jon Cramer and Simon French of GHD dated 18 February 2011 entitled: 

Fremantle Landfill Detailed Site Review. 

The Auditor makes the following comments on this correspondence. 

the Auditor concerning the scope of work he considers necessary for the 

.  It is important to note that the Auditor does not determine the scope of work

.  The consultant must undertake this task and the Auditor simply audits this 

against DEC guidelines or best practice. 

The Auditor considers this is a critical piece of work that will help determine what further works

ow a decision to be made about reclassifying the site or determining 

  The Auditor considers that what GHD is proposing is reasonable

However, the conceptual model must consider potential future uses of the site i.e. data gaps must 

of Fremantle’s desire to redevelop the area to a range of uses.  Data gaps 

may be different depending on these different uses and this needs to be recognised by GHD

ECOM has written to the DEC and requested to be provided with two full colour copies of a

held by the DEC that relate to this site.  We are not sure of the timescale for delivery or cost of this 

  

We trust this information meets with your current needs.  Should you require any further information 

contact the undersigned. 

T +61 2 8295 3600 

F +61 2 9262 5060 

 

By email 

my last 

attached to 

 

and has no further comment on it. 

entitled: South 

the Auditor concerning the scope of work he considers necessary for the 

.  It is important to note that the Auditor does not determine the scope of work or state 

he Auditor simply audits this 

The Auditor considers this is a critical piece of work that will help determine what further works, if any, 

determining its 

reasonable.  

of the site i.e. data gaps must be 

a range of uses.  Data gaps 

GHD. 

full colour copies of all 

very or cost of this 

Should you require any further information or clarification 
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14 September 2011 

 

Mr Paul Garbett 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
Dear Paul By email 

 

Re Site Audit Review - Sampling and Analysis Plan 203 Daly Street, South Fremantle 

 

1.0 Introduction 

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by City of Fremantle (the City) to provide 
WA Department of Environment and Conservation (DEC) Accredited Contaminated Sites Auditor services for the 
former South Fremantle Landfill (the Site). 

It is understood that Curtin University (Curtin) has been engaged by a third party, representing a proposed 
community garden/sustainability education centre called FreoFarm to undertake a soil investigation at 203 Daly 
Street, which is located within the boundaries of the Site. 

This letter presents the Site Auditor’s review of a Sampling and Analysis Program (SAP) provided by Curtin.  
Comments on a Health and Environmental Safety Plan prepared by Curtin for the soil investigation works are also 
provided. 

2.0 Documentation  

The review undertaken by the Site Auditor applies to the following document:  

• NE Hollis Park Sampling and Analysis Plan (attached to email from Curtin, dated 8 September 2011) 

Comments are also provided in relation the following document:  

• Health and Environmental Safety Plan: Proposed sampling of unfenced NE corner of Hollis Park (attached to 
email from Curtin, dated 8 September 2011) 

3.0 Regulatory Guidelines 

As part of the review of the SAP, the Site Auditor has assessed whether the document meets the reporting 
requirements as specified in the following WA DEC guidelines: 

• WA Department of Environment and Protection, 2001a Development of Sampling & Analysis Programs, WA 
DEP, December 2001a. 

• WA Department of Environment and Protection, 2001b Reporting of Site Assessments, WA DEP1, December 
2001b. 

• WA Department of Environment, 2001c Potentially Contaminating Activities, Industries & Landuses WA 
DoE2, December 2001c. 

  

                                                        
1 DEP –Department of Environment and Protection (changed name to DoE and then DEC) 
2 DoE – Department of Environment formerly DEP (changed name to DEC) 
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4.0 Technical Review: Sampling and Analysis Plan 

Comments regarding the contents of the SAP are presented below. 

1) The document structure is based on the minimum requirements listed by DEP (2001a). 

2) Objectives of the sampling program. Unless an assessment of risk to human health and the environment 
will be made in association with metals concentrations in soil, reference to “contamination” (paragraph 1) 
is inappropriate. 

3) Background information on the site.  On the basis of a review of existing information, it was suggested 
that the study area was not used for landfilling activities.  A detailed Conceptual Site Model (CSM) report 
is currently being prepared for the Site by a consultant engaged by the City.  The Auditor reserves 
opinion on historical land uses and potential sources of contamination at 203 Daly St until this report has 
been issued. 

4) The number and type of samples to be collected. Based on the DEC classification information for 203 
Daly Street, historical land uses (to be assessed in the CSM report) and potentially hazardous 
substances noted in the Health and Environmental Safety Plan (HESP), impacts associated with 
chemicals of potential concern in addition to metals would ultimately need to be investigated in order to 
assess the suitability of the Site for proposed land uses.   

5) A description of sampling methods...Use of appropriate disposable gloves during sampling is 
recommended.  

6) Sample analysis requirements.  

a. In order for the analytical results to comply with the requirements of DEP (2001a), analysis must 
be undertaken by a laboratory that is accredited by the National Association of Testing 
Authorities (NATA) for the proposed analysis.  Analytical reports should be NATA endorsed and 
should include information listed in Section 3.2 of DEP (2001a).   

b. The individual metals to be analysed should be specified. 

7) QA/QC methods.  Field QC sampling should be specified (for example frequency of field duplicates). 

8) Information to be included in the investigation report (ie a summary of the report structure) should be 
presented at the SAP stage.  This would include proposed assessment criteria and reporting guidelines 
that will be adopted or referenced. 

5.0 Health and Environmental Safety Plan 

Comments regarding the HESP are presented below. 

1) Inclusion of contact details for City of Fremantle and Curtin office contacts are recommended. 

2) The consequence and probability ratings in the risk matrix appear to be in the incorrect columns. 

3) It is generally accepted that control measures can alter probability ratings, but not consequence, which 
should remain constant. 

4) An on-site toolbox meeting with all participants in the sampling work is recommended.  Risks and 
controls identified in the HESP should be presented and discussed. 

5) An experienced Site Investigation professional from AECOM should observe the activities to provide and 
experienced approach to health and safety.  Please liaise with the Auditor directly on the dates. 

  



 
 

6.0 Conclusion 

The Auditor does not object to the proposed sampling investigation proceeding.  However, the Auditor reserves 
his opinion on whether the data obtained from the proposed work will be suitable for use in: 

• the assessment of the suitability of the Site for proposed uses; 

• addressing restrictions on land use that have been placed by the DEC on the Site (as specified in the DEC 
Site Classification record); and  

• achieving the City’s objectives for the Site.   

It is understood that the City seek a communications plan from Curtin that can be used for community consultation 
purposes as necessary. 

 

 

Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
Technical Director/ WA Accredited Contaminated Sites Auditor 
 
Jason.Clay@aecom.com 
 



 AECOM Australia Pty Ltd 
Level 21, 420 George Street 
Sydney NSW 2000 
PO Box Q410 
QVB Post Office NSW 1230 
Australia 

+61 2 8934 0000  tel 
+61 2 8934 0001  fax 
ABN 20 093 846 925 
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2 May 2012 

Mr Paul Garbett 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
 

Dear Paul By email 

Site Audit Review – Report for South Fremantle Landfill Site – Detailed Site Review, South Fremantle 

1.0 Introduction 

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by City of Fremantle (the City) to provide 
WA Department of Environment and Conservation (DEC) Accredited Contaminated Sites Auditor services for the 
former South Fremantle Landfill (the Site). 

2.0 Documentation  

The review undertaken by the Site Auditor applies to the following document (the GHD Report):  

• City of Fremantle, Report for South Fremantle Landfill Site, Detailed Site Review, December 2011, GHD. 

3.0 Regulatory Guidelines 

As part of the review of the SAP, the Site Auditor has assessed whether the document meets the reporting 
requirements as specified in the following WA DEC guidelines: 

• WA Department of Environment and Protection, 2001 Reporting of Site Assessments. 

• WA Department of Environment and Conservation, 2009 Contaminated Sites Auditors: Guidelines for 

Accreditation, Conduct and Reporting. 

4.0 Overview 

The GHD Report states that its objective was to: 
 

“…draw together relevant available information from previous reporting to produce a ‘baseline’ 
understanding of Site development history and characteristics (including relevant contamination sources, 
pathways and receptors); develop a Conceptual Site Model (CSM); identify remaining data gaps and the 
need (if relevant) for further action to address them.”  

The scope of work was broken down into five tasks. 

The Site Auditor considers that the objectives of the report were as agreed and that the scope of works was 
suitable to complete the project satisfactorily.  

5.0 Review of Previous Reports 

The GHD Report provided a high level review of 40 reports dating from 1985 to 2011 that included geotechnical 
reports, landfill gas assessments, groundwater monitoring reports, air quality assessments, a site management 
plan, hydrogeological studies, a health and environmental risk assessment and redevelopment option studies.   

The Site Auditor considers that the review of previous reports was satisfactorily thorough and a reasonable 
summary of the historic works was provided.  General points of clarification / comment include: 

- January 1986 report refers to ‘the development’ and it is not clear what is meant by this; 

- February 1989 report - the final sentence in the Summary box needs correcting; 

- ‘Report Not Cited’ – It is not clear what is meant by this; 

- References to ‘Westfarmers’ should be corrected to ‘Wesfarmers’; 

-  April 2002 Groundwater Monitoring Report – the existence, significance, and nature and extent of the alternate 
off-Site source of metal contamination should be considered in further works; 

- Chemical names should generally be lower case when in text and phosphorus should be spelled correctly. 
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- May 2004 GME - was the resample for PCB analysis ever conducted? 

6.0 Landfill Development History 

The GHD Report provided a detailed description of the historical development of the landfills and summarised 
reports, records and aerial photographs from 1953 to 2011.  A timeline drawing was also included as Figure 15 for 
each of the three landfill areas.  

The Site Auditor considers that the historical summary was well put together and presented. The GHD Report 
now provides the most comprehensive  historical overview of the land as compared to the preceding 40 reports.  

It is clear from aerial photos 1965 and 1995 that a building on Douro Road, outside the Site, has been constructed 
on top of a previously excavated and now landfilled area.  It is likely that this area will need to be reported to the 
DEC as possibly contaminated. 

7.0 Ground Conditions  

The GHD Report provided a summary of the published geology, lithology encountered in previous investigations 
and a description of each of the layers encountered.  The site was reported as being underlain by Safety Bay 
Sands overlying Tamala Limestone.  Waste materials were reported as varying in thickness with Daly St being 2-
10 m; Hollis Park 1-5 m and Sandown Park 12-14 m.  The approximate volumes of waste were reported as: Daly 
St, 165,000 m3; Hollis Park, 219,000 m3 and Sandown Park 554,000 m3.  

The GHD Report used this information to derive a series of vertical cross sections through the Site, including 
three north-south and three east-west. 

The Site Auditor considers that the ground conditions section provides a reasonable summary and that the cross 
sections provide the most comprehensive visual descriptions of the position of the waste developed to date.  

Section 5.2 needs a thorough review and perhaps re-wording as the meaning is not clear. 

8.0 Groundwater 

Section 6 of the GHD Report discusses both the hydrogeological properties of the site and the chemical 
characteristics of groundwater.  It appears that the groundwater quality within the landfills is impacted but that the 
impacts decrease with distance from the landfill.  Groundwater was considered to be flowing in a westerly/south-
westerly direction with localised mounding effects in the Hollis Park area. 

It was suggested that the dominant flow pathway for groundwater was via secondary porosity in the Tamala 
Limestone i.e. within fissures/fractures. 

It would appear counter intuitive for there to be a relatively flat hydraulic gradient across the landfill and for the 
average groundwater flow (velocity?) to be approximately 100 m/day.  Might there be some confusion between 
what is being referred to as hydraulic conductivity and flow (velocity?).  

The GHD Report could be a little stronger on discussing the different hydrogeological properties of the waste, the 
sand and the limestone.  Currently, it is not clear whether each strata is influenced/has its own influence or 
whether the Tamala Limestone is the dominant / only flow path.   

The detail about off-Site monitoring locations is limited and it is not clear whether the off-Site wells are optimally 
located to assess the downgradient impacts.   

If the predominant flow path in the Tamala Limestone is through secondary porosity (fracture flow) then is it 
possible that worse case contaminant migration has not been captured by the existing off-Site groundwater 
monitoring regime?  Is this a significant issue? 

Table 6 states that PCBs were not detected, which seems counter to PB May 2004 GME. Is it appropriate to 
include PCBs as a groundwater PCOC?  Should VOCs not be included bearing in mind the potential 
redevelopment of the site. 
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9.0 Ground Gases and Vapours 

Limited investigations of ground gas conditions were reported to have been conducted at the site since 1896.  
GHD monitored ground gas over the six month period March to August 2010.  Findings of the monitoring are 
summarised below. 

Daly St: 

Limited concentrations of methane were observed (0-2.8% v/v) with the highest concentrations being found in the 
deeper wells.  Higher concentrations of carbon dioxide were observed in the range 0.9- 23.1% v/v along with 
corresponding reductions in oxygen.  GHD suggested that Daly St was in an aerobic phase of degradation.   

Using the CIRIA C665 Gas Screening Value (GSV) GHD characterised Daly St as ‘low risk’ (Characteristic 
Situation 2). 

Hollis Park: 

Methane was generally not detected in the Hollis Park area and not above 0.1% v/v, carbon dioxide 
concentrations were low and oxygen was correspondingly high.  GHD suggested that: 

 “The corresponding lack of detected gasses at the Hollis Park area is also consistent with the history of waste 
disposal (i.e. limited) at that area of the Site.  This is indicative of very limited negligible remaining gas generating 
potential likely to be associated with a limited volume of gas generating material…” 

Using the CIRIA C665 GSV GHD characterised Hollis Park as ‘very low risk’ (Characteristic Situation 1). 

Sandown Park: 

Sandown Park exhibited high methane concentrations during the GHD monitoring rounds, concentrations ranged 
up to a maximum of 60% v/v.  Carbon dioxide was generally observed to be present in high concentrations and 
oxygen at low concentrations corresponding to methane presence. GHD suggested that Sandown Park was in an 
anaerobic phase of degradation.   

Using the CIRIA C665 GSV GHD characterised Sandown Park as ‘low risk’ (Characteristic Situation 2). 

Whilst the above characterisations suggested the three sites are low risk and developable, GHD identified some 
data gaps, which were discussed later in the report. 

The ground gas section provided a sound summary of observed site conditions and a reasonable interpretation of 
the data.  The Auditor concurs with GHD that further work is required to confirm this initial assessment. 

10.0 Conceptual Site Model 

GHD described the conceptual model in terms of the sources of contamination in soil/waste, groundwater and 
ground gasses; receptors in terms of health, environment and property and pathways.   

The CSM section was generally sound and in line with WA DEC guidance. 

11.0 Data Gaps Analysis 

GHD identified five ground condition data gaps, nine groundwater data gaps and seven ground gas/vapour data 
gaps.  

The Auditor is in general agreement with the data gaps assessment but makes the following comments: 

GC1: It is not clear why the quarantine waste is a ‘highly significant’ data gap.  The action should be to assess 
what quarantine waste might potentially be and whether it should be treated any differently to potentially 
significant chemical contamination during earthworks etc.  It is presumed this is captured by the risk assessment 
suggestion. 

GC5: Please provide the Lot number and street address so that the area can be reported to the DEC. 

GW1, 2, 3 and 4: The Auditor agrees that periodic monitoring of limited and appropriately located off-Site 
monitoring wells should be undertaken. However, justification for monitoring North Coogee foreshore wells has 
not been provided from a hydrogeological standpoint. 

GW5: This data gap should be addressed by successful implementation of GW4. 

The potential presence of VOCs should also be considered a groundwater data gap.  

The Auditor does not agree that the potential presence of quarantine waste is a significant constraining factor on 
remedial options, however, agrees with the overall conclusions about remediation in this section. 
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12.0 Conclusions and Recommendations 

The conclusions of the GHD Report summarise the report and the recommendations reiterated the need to 
resolve data gaps.  GHD highlighted what it considered to be the four highest priority ones:  

1. uncertainties around the extent of the landfill in the Daly Street area;  

2. quarantine waste issues; 

3. confirmation of gas generation potential and regime; and  

4. confirming off-Site groundwater characteristics.  

The Auditor is in general agreement with the conclusions and considers that the recommendations should be 
actioned initially by putting together a sampling and analysis plan to meet them. 

 
Overall, the GHD Report is a high quality report that is well structured and presents the information clearly.  This 
report would appear to indicate that there is development potential over some or all of the Site.   
 
Should you have any questions related to this review please do not hesitate to contact the undersigned. 
 
 

Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
Technical Director/ WA Accredited Contaminated Sites Auditor 
 
cc. Simon French GHD 



 AECOM Australia Pty Ltd 
Level 21, 420 George Street 
Sydney NSW 2000 
PO Box Q410 
QVB Post Office NSW 1230 
Australia 

+61 2 8934 0000  tel 
+61 2 8934 0001  fax 
ABN 20 093 846 925 
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4 December 2012 

Mr Matthew Piggott 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
 

Dear Matthew By email 

Site Audit Review – Report for South Fremantle Landfill Site – Detailed Site Review, South Fremantle 
(dated November 2012) 

Jason Clay of AECOM Australia Pty Ltd has been commissioned by the City of Fremantle as a WA Department of 
Environment and Conservation (DEC) Accredited Contaminated Sites Auditor to undertake a Mandatory Auditor’s 
Report (MAR) and associated auditing of the South Fremantle Landfill (SFL).  The Auditor asked the City to 
prepare a summary report that reviewed and summarised all of the available existing information that related to 
the SFL and to use this to develop a comprehensive conceptual site model (CSM).  GHD prepared this report and 
the Auditor reviewed the original draft City of Fremantle, Report for South Fremantle Landfill Site, Detailed Site 

Review, December 2011 against the WA DEC Contaminated Sites Management Series guidelines and provided 
comment in a letter dated 2 May 2012.  

The Detailed Site Review has since been amended incorporating the Auditor’s comments in a version dated 
November 2012.  The Auditor considers that this report now provides a reasonable level of information concerning 
the SFL.  A good CSM has been developed for the site and a reasonable set of recommendations have been 
made that should allow an MAR to be prepared in due course. 
 
 
Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
WA Accredited Contaminated Sites Auditor 
 
Jason.Clay@aecom.com 
 



 

 

The Environmental Protection Group Ltd 

Warrington Business Park  

Long Lane  

Warrington  

WA2 8TX 

 

T: 01925 652980  

F: 01925 652983 

W: www.epg-ltd.co.uk  

E: consultantrequest@epg-ltd.co.uk 

 20 March 2013 
 

Jason Clay 
AECOM 
Level 21   
420 George Street 
Sydney 
NSW 2000 
PO Box Q410 
QVB PO 
Sydney 
NSW, 1230 

Ref: EPG/2013/AECOMAUS/FM/Q001/04 

Dear Jason 

South Freemantle Landfill, Advice on Ground/Landfill Gas 

Please find below our comments regarding the assessment by GHD Pty of ground/landfill 
gas migration at the South Freemantle Landfill Site.  The review was carried out by Steve 
Wilson who is a Chartered Civil Engineer and a UK Registered Ground Engineering 
Advisor.  He has extensive experience of landfill gas migration assessment and has 
contributed to a number of key guidance documents published in the UK over the years. 

The purpose of the review and advice is to assist you in your role as Environmental 
Auditor for the site in accordance with Western Australia legislation and guidance. 

 

Review documents 

The following document has been reviewed by EPG: 

 GHD, City of Freemantle, Report for south Freemantle Landfill Site.  Detailed Site 
Review.  November 2012. 

The GHD Report makes reference to a further forty reports which have been prepared for 
the site between 1985 and 2011.  It is understood that copies of these reports were 
provided by the City of Freemantle to inform the GHD report, although copies of these 
documents have not been provided for review by EPG. 

 

 

 



 

 

Overview 

The site is a former landfill, located 2.5km south of the centre of City of Freemantle, 
Western Australia.  Currently the site is undeveloped, comprising grass and shrubs, with 
clusters of trees near site boundaries.  Access to the site is currently restricted via security 
fencing, although a pedestrian footpath is present through Hollis Park.  A high pressure 
gas main also runs through the Hollis Park area, traversing the site in an east –west 
direction.   

There are three discrete areas to the landfill, known as Daly Street (northern portion), 
Hollis Park (central portion) and Sandown Park (southern portion).  Each of the landfill 
areas is discussed separately below: 

Daly Street: 

Daly Street forms the northern portion of the landfill, covering an area of approximately 3.3 
hectares.  Daly Street is a former limestone quarry, with the underlying bedrock geology 
(Tamala Limestone) historically excavated and the resultant void utilised as a landfill.  
Daly Street had two periods of operation; between 1939-1957 and 1980-1991.  The site 
received household, industrial and hazardous waste streams.  There is also reference to 
waste being burnt and fly ash from Freemantle Power Station being tipped.  Exploratory 
hole records have indicated the waste to typically be between 5m and 10m in thickness 
beneath this portion of the landfill.  The northern and eastern boundaries of the Daly 
Street landfill are currently poorly defined, with potential sand extraction and subsequent 
backfilling with unknown materials to the north and east – beneath adjacent commercial / 
industrial properties.  Capping soils on this portion of the landfill are typically less than 2m 
thick and comprise predominantly granular material.  Historically the base of the quarry 
appears to have coincided with the presence of groundwater, such that only the lower 
portion of the deepest waste deposits are in hydraulic continuity with the water table 
(~0.7mAHD).   

Ground gas monitoring data collected by GHD during 5 No. monitoring events completed 
between March and August 2010 have indicated that methane concentrations beneath the 
Daly Street landfill are typically low, with a maximum 2.8%v/v reported.  However, 
elevated carbon dioxide concentrations have been recorded both in shallow and deep 
wells, maximum 17.2%v/v and 23.1%v/v respectively.  EPG concur with GHD that these 
results are indicative of aerobic generation of landfill gas, which is consistent with much of 
the waste body being dry.  EPG also concur with GHD that given the anticipated dry 
nature of the waste mass landfill gas generation may continue for some years, albeit at 
reduced rates. This is consistent with flow rates collected during the monitoring events, 
which have remained typically low (maximum range of -3.1l/hr to +0.1l/hr recorded).  

 

 

 

 



 

 

Hollis Park: 

Hollis Park forms the central portion of the landfill, covering an area of approximately 9.27 
hectares.  Hollis Park is a former area of sand dunes, formed by the natural underlying 
geology of the Safety Bay Sands and Tamala Limestone.  It is understood that there was 
little excavation of the sand dunes, with waste simply being infilled between depressions.  
Hollis Park was operational between 1930 and 1956 for the deposition of waste.  The site 
received predominantly industrial and municipal waste, with some hazardous waste.  The 
waste was generally burnt prior to tipping.  Exploratory hole records have indicated the 
waste to typically be between 1m and 5m in thickness.  In addition to the landfilling, 
sullage pits were excavated on the central portion of the site in the 1960’s.  These were 
filled with effluent and closed in 1976.      

Ground gas monitoring data collected by GHD during 5 No. monitoring events completed 
between March and August 2010 have indicated that bulk gas concentrations beneath the 
Hollis Park landfill are consistently low, with maximum concentrations of 0.1%v/v 
(methane) and 4.1%v/v (carbon dioxide) reported.  EPG concur with GHD that these 
results are indicative of a low gas generation source on this portion of the site, reflecting 
that waste was typically burnt prior to deposition and has a relatively limited thickness.  
Flow rates during the monitoring events have remained typically low, with a maximum 
range of -3.1l/hr to +0.2l/hr recorded.   

Sandown Park: 

Sandown Park forms the southern portion of the landfill, covering an approximate area of 
6.94  hectares.  Sandown Park is a former sand quarry, with the underlying drift geology 
(Safety Bay Sands) historically excavated and the resultant void used as a landfill.  
Sandown Park was operational between 1956 and the 1980’s, receiving predominantly 
municipal and industrial waste, with some hazardous waste also tipped.  Known waste 
streams also comprise fly ash from Freemantle Power Station, wool bails, marine bilge oil, 
tyres and car bodies.  A large sullage pit (30m-40m diameter, 5m-6m deep) was present 
on the central-southern portion of the site, infilled with effluent.  Exploratory hole records 
have indicated the waste to typically be between 12m and 14m in thickness beneath this 
portion of the landfill.  The southern boundary of the Sandown Park landfill is currently 
poorly defined, with historical reports (May 1985) suggesting the area of waste deposition 
continues beneath the area where the Freemantle Chalet Village is now present.  Capping 
soils on this portion of the site again comprise predominantly granular material.  
Historically the base of the quarry appears to have coincided with the presence of 
groundwater, such that only the deeper portions of the waste are in hydraulic continuity 
with the water table (~0.7mAHD).  GHD note that typically the deeper portions of the 
waste body comprise non-putrescible sand / silt type material.   

Ground gas monitoring data collected by GHD during 5 No. monitoring events completed 
between March and August 2010 have identified elevated methane concentrations 
beneath the site, with maximum concentrations of 60.0%v/v (shallow wells) and 58.1%v/v 
(deep wells).  Similarly high concentrations of carbon dioxide have also been recorded 
(32.1%v/v, shallow and 29.8%v/v deep).  Flow rates during the monitoring events have 
remained typically low, with a maximum range of -3.2l/hr to +0.3l/hr recorded.   



 

 

GHD conclude that these gas monitoring results are indicative of anaerobic degradation 
processes being dominant beneath the Sandown Park landfill area.  Whilst this may well 
be the case, the question arises as to why anaerobic degradation appears to be dominant 
on Sandown Park, whilst aerobic degradation appears dominant at Daly Street.  In 
simplistic terms, the waste mass deposited on Sandown Park is theoretically similar to 
Daly Street, as is the hydrology and geology of the area.  However, the ratio of methane 
to carbon dioxide is very different, with methane dominance being observed at Sandown 
Park.  Whilst the waste mass is slightly deeper on Sandown Park GHD have interpreted 
from the site investigation data available that the majority of material present beneath the 
groundwater table comprises non-putrescible material.  Therefore, it is difficult to 
categorically state that the elevated methane concentrations observed on Sandown Park 
are a direct result of anaerobic degradation processes being dominant, reflecting an 
oxygen deficient environment and organic/putrescible rich soils.  At this time, and notably 
considering the results of the Photo Ionisation Detector (PID) monitoring (see discussion 
below) EPG would query if the methane being detected at Sandown Park is completely 
attributable to natural degradation of the landfill waste mass.  This requires further 
consideration by GHD. 

Looking at the results of the PID monitoring, concentrations at Sandown Park were 
recorded in excess of the monitor's detection range (‘>>>’, the reporting limits should be 
stated).  Such concentrations can be indicative of vapour phase contamination – which 
infra-red gas analysers can interpret as methane.  The methane results could also be 
correct and being caused by degradation of the hydrocarbon contamination.  If this is the 
case it will influence the assessment of risk.  The source of the methane and the volumes 
of gas that can be potentially generated and at what rates should be re-considered by 
GHD.  Certainly the source of gas being from the hydrocarbons would be consistent with 
the PID results collected for Daly Street, where concentrations remained generally low 
(maximum 52.1ppm).   

It is accepted that the waste mass across the full extent of the landfill will be 
heterogeneous and thus have a variable potential to generate landfill gas / vapour 
depending on the age and nature of the fill material.  The key components of the waste 
are understood to include building materials, fly ash, domestic waste, hazardous waste 
(asbestos, poly-chlorinated biphenyls, chemical drums and batteries), bales of wool, car 
bodies and tyres.  In addition, it is known that a minimum number of twenty chemical 
waste pits were excavated on the landfill, with Contractors having free access onto the 
site to deposit waste within these excavations.  The location of these chemical waste pits 
is unknown, as is the nature of the fill material.  Similarly, there is anecdotal evidence to 
suggest that ‘quarantine’ and munitions wastes were deposited on the landfill site, 
although there is no further information regarding these waste streams or the areas of 
deposition.  Consequently, across the three areas of the landfill there will be areas of 
material which exhibit both low and high gas generation potential, with the latter 
associated with the younger fill materials, those which have a higher organic content and 
those which present a potential for vapour phase contamination.  GHD quite correctly 
identify having relatively limited information regarding the composition of the landfill waste 
mass as a data information gap.  EPG concurs with this and considers that until the 
composition of the waste mass is better understood any risk assessment for ground gas / 
vapour will be inherently limited.        



 

 

Notwithstanding the above, EPG concurs with GHD’s comments that as the waste mass is 
likely to be typically dry decomposition processes are likely to be relatively slow – with 
continued generation anticipated over a prolonged period of time.  Further, EPG considers 
that given the anticipated nature of the waste, and the surrounding/underlying natural 
ground conditions, diffusion is likely to be the dominant migration mechanism out of the 
landfill into the surrounding sands/limestone.  However, pressure driven flow should not 
be completely discounted in the risk assessment. 

There are various receptors around the site, including; 

 North/north-east:  Residential; 
 North/north-west:  Commercial/industrial; 
 East:  Commercial/industrial; 
 South: Freemantle Chalet Village; and 
 West: Former commercial/industrial land, believed developed with residential.  

Some of these receptors have been there for a number of years – others are more recent.  
The commercial/industrial receptors are considered to have a low to moderate sensitivity 
to landfill gas, whilst the residential receptors are considered to have a high sensitivity to 
landfill gas. 

Development proposals are still to be confirmed, however a scheme similar to that 
summarised below is anticipated: 

 Northern portion of development area (former Daly Street landfill), mixed use 
incorporating residential dwellings, a depot, commercial units, car parking and 
associated roads/infrastructure; 

 Central portion of development area (former Hollis Park landfill), mixed use 
incorporating residential dwellings, commercial units, a large area of public open 
space and associated roads/infrastructure; and 

 Southern portion of development area (former Sandown Park landfill), large 
commercial premises, car park and sports pitches, together with associated roads 
and infrastructure.   

 

EPG Comments 

Current data and risk assessment 

There are currently gaps in the site investigation data that should be addressed by further 
exploratory work and additional gas monitoring.  GHD have identified a number of 
information data gaps in relation to the site, the majority of which EPG concur with.  When 
considering gas and vapour risks the following are considered key to the overall 
assessment of risk at the site:  

 



 

 

1. The composition of the landfill waste mass beneath the individual landfill areas is 
not fully understood, notably with respect to chemical, quarantine and munitions 
waste streams.  Being realistic, the nature of the chemical, quarantine and 
munitions wastes deposited beneath the site is unlikely to ever be known.  With 
regard to the more generalised waste mass (commercial / industrial / household) it 
is possible that detailed review of the 40 No. historical reports compiled for the site 
will provide a better understanding of the composition of this material – although 
this will depend on the nature of works undertaken as part of these site 
investigations, the accuracy of the waste descriptions and any associated testing of 
the waste mass composition completed.  In general terms, large scale excavations 
into the waste mass are generally best for understanding the overall composition of 
the waste material – thus facilitating forensic description of the individual waste 
elements and permitting assessment of the gas generation potential of the overall 
mass.  On sites such as the South Freemantle Landfill – where the deposition 
history of the waste is long, complicated and in many instances unknown, such 
works become paramount to understanding the nature of any risks associated with 
gas and vapour both in relation to existing off-site receptors and future on-site 
receptors (were the site to be developed); 
    

2. The gas monitoring data currently available for the site is relatively limited, with the 
data which includes flow readings being collected between March and August 
2010.  Going forward it will be important to ascertain a thorough understanding of 
the gas regime beneath the site, including identifying any temporal effects which 
alter that gas regime (e.g. atmospheric pressure changes, surface water ponding 
etc.).  The construction of gas taps which form part of the standpipe installation 
should be taken account of when considering flow readings; 
  

3. Clearly deeper waste deposits are anticipated on Daly Street and Sandown Park 
comparative to Hollis Park.  Gas monitoring data collated as part of the GHD report 
separates the information collated from ‘shallow’ and ‘deep’ wells.  However, the 
definition of these installations is not provided as part of the report and therefore 
EPG are unable to comment as to the efficacy of the boreholes for targeting 
discrete portions of the waste mass such that a good understanding of the gassing 
regime of the landfill is obtained.  Going forward this should be clarified such that 
the refined Conceptual Site Model for the site can robustly demonstrate that the 
monitoring locations correctly intercept potential pathways for gas migration and 
provide a thorough basis for understanding the sites gassing potential – notably at 
depth which will become important if piled foundations are adopted as part of any 
proposed site redevelopment works; 

 

 

 

 



 

 

4. There is evidence to suggest that the historical sand and limestone quarries 
extended beyond the currently defined boundary of the South Freemantle Landfill.  
This potentially means that industrial / commercial premises (located to the north 
and east of Daly Street) and/or the Freemantle Chalet Village (located to the south 
of Sandown Park) are constructed on materials of unknown origin, possibly 
comprising waste material.  Such material may be a source of ground gas / vapour 
itself and/or provide a preferential pathway for gas migration away from the main 
landfill body toward the individual premises.  It is important to determine the extent 
of the former quarry excavations in relation to these properties, together with the 
nature of any waste / backfill material immediately underlying and adjacent to the 
premises.  The intrinsic permeability of these soils will need to be understood, 
together with the building construction type and use of the building, which will have 
a direct relationship with the inherent gas / vapour risks; 
 

5. It is of note that chemical waste pits, sullage pits, industrial / hazardous waste 
streams and quarantine wastes can generate vapour phase contamination – 
chronic risks associated with which may well be far higher than associated with the 
acute risks typically linked with the bulk landfill gases of methane and carbon 
dioxide.  To date it appears that risks associated with vapour phase contamination 
have typically been considered via the completion of PID monitoring.  However, 
going forward this is not a suitably robust mechanism for assessing vapour risk, 
which should instead be based on the results of soil/groundwater and/or 
gas/vapour phase laboratory monitoring for a suite of compounds – including 
Tentatively Identified Compounds (TICs).  Such results should be assessed using a 
risk assessment tool designed for the assessment of vapour inhalation pathways.  
Vapour phase risks will need to be considered both in relation to current off-site 
occupants and proposed occupants as part of any development proposals.  
Existing outdoor inhalation pathways should also be considered, notably in relation 
to the public footpath which crosses Hollis Park;  
 

6. With respect to on-site development, it should be noted that the introduction of 
extensive hard cover (e.g. buildings, car parking ,access roads etc.) across the 
area of the South Freemantle Landfill could have a significant impact on the gas 
regime present beneath the site – potentially increasing the risk of off-site migration 
via the underlying surrounding natural geology.  Any proposals to develop the site 
will need to carefully consider such potential implications and ensure they are 
modelled accurately as part of the detailed gas / vapour risk assessment for the 
site, such that appropriate mitigation measures are adopted to limit both risks to 
future on-site receptors and existing off-site receptors;  

 
7. It has been noted that former industrial land to the west of the South Freemantle 

Landfill is in the process of being developed with residential dwellings.  As part of 
this development careful assessment of gas / vapour risk should be completed 
such that these dwellings are constructed with appropriate gas mitigation 
measures.  Future development proposals for the site will need to make sure that 
the gas regime is not altered significantly in relation to these receptors.    



 

 

Significance of landfill gas on adjacent land use 

A number of factors will influence the risk of gas migration from the site.  The age of the 
landfill and the nature of the fill material will clearly influence the ground gas regime and 
potential for gas migration, as will the depth of the waste and the underlying hydrology / 
geology of the area.   

In summary,  

 The waste generally comprises a pre-1990’s waste stream predominantly 
comprising commercial, industrial and household waste – but with anticipated 
chemical, ‘quarantine’ and munitions waste; 

 The maximum waste thickness varies from around 5m on Hollis Park, to 10m on 
Daly Street and up to 14m on Sandown Park; 

 The waste is most likely dry;  
 Capping soils are most likely granular; 
 There is evidence to suggest that the former quarries extended off-site and 

therefore fill materials associated with the landfill may be present beyond the extent 
of the currently defined site boundary – potentially beneath commercial / industrial 
structures to the north and east of Daly Street and to the south of Sandown Park 
(beneath the Freemantle Chalet Village). 

On the basis of the above, the waste mass is considered likely to have a ‘moderate’ to 
‘very high’ gas generation potential.  However, the anticipated dry nature of the waste 
mass is likely to have slowed the normal maturation and fermentation processes of the 
waste - resulting in a longer overall period of gas generation but lower concentrations of 
bulk gases.  This may also support a predominance of aerobic degradation beneath the 
site, although this may be influenced by chemical forms of contaminants within the waste 
mass which may result in vapour and trace gas generation – the chronic effects of which 
could be more significant for this site than the acute risk associated with the bulk gases.   

The potential for off-site migration of gas will be governed by the depth of the waste mass 
and the surrounding natural geology.  The natural geology of the Safety Bay Sand and 
Tamala Limestone is considered likely to promote diffuse migration of gas via soil pore 
space predominantly, although pressure driven flow can-not be ruled out at this time.  The 
presence of a granular capping medium at surface level will help to permit diffusive 
release of gas via the landfill surface, although within deeper portions of the landfill 
(notably on Daly Street and Sandown Park) this may not occur readily and deeper 
migration pathways for the landfill gas may well exist.  Overall it is considered that the risk 
of landfill gas migration from the site is ‘moderate’, although at this time there is 
insufficient information to confirm this and the additional data discussed above should be 
collected.   

Development of the site will increase the risk of gas migration off site to adjacent 
receptors.  As previously discussed, if the site were to be developed this would need to be 
carefully considered as part of the development proposals, with appropriate mitigation 
measures put in place to both manage risks to existing off-site receptors and proposed 
receptors as part of any development. 



 

 

It is considered that a full cutoff barrier is not likely to be necessary (e.g. bentonite wall) 
and that some form of perimeter venting system will be acceptable.  Vent wells are likely 
to provide the most suitable solution.  The maximum spacing between wells should be 
sufficient to ensure it will prevent off site migration (normally if the well spacing exceeds 
2m to 3m preferential pathways can develop between them). 

The existing east-west high pressure gas main across the Hollis Park site could provide a 
preferential pathway for gas migration.  Its depth and construction should be assessed to 
determine if it will reasonably provide an enhanced migration pathway for gas.  If it does 
then measures may be required to manage gas migration at either end of the gas mains 
as it crosses the landfill sites boundary (e.g. clay or concrete backfill together with vents to 
the surface). 

Consideration of vapour / trace gas risks is required – notably in relation to potential 
outside air inhalation pathways for users of the public footpath which currently crosses the 
site and existing off-site residents located in close proximity to the landfill. 

 

Significance of landfill gas to development on the site 

At this time it is considered that there is insufficient information to robustly characterise the 
site for redevelopment purposes.  GHD have currently indicated that the landfill site is 
likely to be classified as Characteristic Situation 2 for Daly Street and Sandown Park, with 
Hollis Park classified as Characteristic Situation 1.   EPG does not agree with this - 
especially with the Characteristic Situation 1 designation of Hollis Park, which is not 
considered appropriate for a former landfill site with dry waste, irrespective of current gas 
monitoring results.  There is sufficient evidence to suggest that the sites could be 
classified as Characteristic Situation 3 site in accordance with CIRIA Report C665 and 
British Standard BS 8485: 2007.      

The exact form of protection incorporated as part of any development will depend on the 
design of the buildings and the information ascertained from the additional works 
highlighted to be required as part of the data gap analysis.  Certainly this information 
should be used to inform a refined conceptual site model for the detailed quantitative 
assessment of gas and vapour risks such that appropriate mitigation measures are 
incorporated as part of any redevelopment.      

Broadly speaking, where large span commercial / industrial units are proposed 
geotechnical requirements typically lead to a robust reinforced concrete ground slab that 
provides a reasonable level of resistance to gas ingress.  Typically in these circumstances 
the gas protection for a commercial development would comprise a gas resistant 
membrane located under the slab and an under floor venting system designed to achieve 
good performance.   

 

 

 



 

 

For residential dwellings a much more robust gas / vapour protection strategy is likely to 
be required, most likely incorporating the removal of a significant portion of the underlying 
waste mass from the area of proposed residential redevelopment (~5m depth), 
compaction of the underlying waste to depth, placement of a granular venting layer across 
the reduced level platform (designed to collect and dissipate gas / vapour to the landfill 
periphery passive venting system), bringing up to formation level with inert material and 
protection of the individual properties via a raft foundation construction, complete with 
certified gas membrane installation.   

 

Please do not hesitate to contact me if you have any questions. 

Yours sincerely 

 

Steve Wilson 

Technical Director 

On behalf of The Environmental Protection Group Limited 

Tel 07971 277869 
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21 May 2013 

Mr Matthew Piggott 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
 

Dear Matthew By email 

Site Audit Review – Report for South Fremantle Landfill Site – Interim Site Management Plan, April 2013 

Jason Clay of AECOM Australia Pty Ltd has been commissioned by the City of Fremantle as a WA Department of 
Environment and Conservation (DEC) Accredited Contaminated Sites Auditor to undertake a Mandatory Auditor’s 
Report (MAR) and associated auditing of the South Fremantle Landfill Site (SFLS).   

The Auditor has been provided with and reviewed the following report: 

 City of Fremantle South Fremantle Landfill Site Interim Site Management Plan, GHD, April 2013. 

The Auditor agrees with the proposed approach to data gap management although it should be an overall 
ambition to achieve perimeter monitoring around all of the landfill not just the Daly Street part.   
 
The Auditor would like to be provided with a copy of the Fremantle Village management plan and recent gas 
monitoring results if possible. 
 
It would perhaps be best to call the Final Site Management Plan the Site Management Plan in acknowledgement 
of the fact that it may need to change in future. 
 
There are some typos, which I will scan and issue to GHD directly. 
 
We trust this meets with your current requirements, should you require any further information do not hesitate to 
contact the undersigned. 
 
Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
WA Accredited Contaminated Sites Auditor 
Jason.Clay@aecom.com 



 
 

 

20 June 2013 

Matthew Piggott 
City of Fremantle 
8 William Street 
FREMANTLE  WA  6160 

Our ref: 61/29215 
 133361   
Your ref:  
 

Dear Matthew, 

South Fremantle Landfill Site 
Interim Site Management Plan 
Please find enclosed an amended Interim Site Management Plan (I-SMP) for the above Site. This has 
been amended to address some minor typographical errors noted by the Auditor, Mr Jason Clay and 
following telephone discussion on the I-SMP. 

Summary details of the amendments made are presented in the enclosed table for convenience. 

Please do not hesitate to contact me to discuss as required. 

Yours Sincerely, 

 

Simon French 
Principal Scientist 
6222 8203 

 

Enc-  table of responses.



 
 

 

South Fremantle Landfill Site 
Interim Site Management Plan 
Table of responses to Auditor comments 

Auditor Comment Response 

Typographical errors noted – details provided Report text amended 

Auditor commented in discussion that an objective of 
further work should be to achieve perimeter 
monitoring around all of the landfill. 

GHD has given this matter additional consideration (to the extent considered appropriate for the I-SMP - which is not a detailed 
sampling and analysis plan for future work). Due to the depth and scale of the landfill at Sandown Park , there is merit in including 
perimeter offsite bores to the east and west in order to confirm findings from existing on site bores (subject to access constraints).  

Any bores installed to the south of the Sandown Park boundary would still be within the landfill mass as this is known to extend 
beneath the Fremantle Village site, so GHD would not at this time propose bores beyond this boundary.  

Given the contrasting characteristics of the landfill at the Hollis Park area compared to Daly Street and Sandown Park GHD would not 
at this time propose additional monitoring bores at the western perimeter. 

Based on the above, the proposed number of perimeter monitoring bores has been revised to seek to achieve a more comprehensive 
perimeter network. Within the scope of consideration for the I-SMP this would be achieved by revision of previously proposed bore 
locations and an additional 3 bores (all subject to preparation of future sampling and analysis plan preparation, access, stakeholder 
consultation etc.). The I-SMP has been amended to incorporate the above (amended item GV1 and new item GV8 – see section 6). 

Amendments to the preliminary cost estimate for interim actions have also been made to reflect the above – provided separately. 
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31 January 2014 

Mr Matthew Piggott 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
 

Dear Matthew By email 

Site Auditor Review – South Fremantle Landfill Site – Proposal for Offsite Gas Investigation. GHD 
30 January 2014 

1.0 Introduction 

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by City of Fremantle (the City) to provide 
WA Department of Environment Regulation (DER) Accredited Contaminated Sites Auditor services for the former 
South Fremantle Landfill (the Site). 

2.0 Documentation  

The review undertaken by the Site Auditor applies to the following document (the GHD Proposal):  

• South Fremantle Landfill Site – Proposal for Offsite Gas Investigation. GHD 30 January 2014. 

3.0 Regulatory Guidelines 

The Site Auditor has made a general assessment of whether the document satisfactorily meets the reporting 
requirements as specified in the following WA DER guidelines: 

• WA Department of Environment and Protection, 2001 Reporting of Site Assessments. 

• WA Department of Environment and Protection, 2001 Development of Sampling and Analysis Plans 

• WA Department of Environment and Conservation, 2009 Contaminated Sites Auditors: Guidelines for 

Accreditation, Conduct and Reporting. 

4.0 Data Quality Objectives (DQOs) 

The Auditor notes that the reviewed document is a proposal and contains a scope of work for approval by the City 
of Fremantle.  The Auditor also notes that it is GHD’s stated intention that this document would, in effect, 
constitute a sampling and analysis plan.  
 
The Proposal’s stated DQO ‘Principal Study Question’ was : 
 

“Are ground gases (and/or vapours) present within the ground beyond the Site? If present, do these pose an 
unacceptable risk to relevant receptors? 

Alternate actions that could result from resolving the principal study question: 

• Undertake additional assessment (including monitoring and/or quantitative risk assessment) 

• Implement management measures 

Combine the principal study question and alternative actions into a decision statement: 

• Determine the presence of ground gases and/or vapours within strata beyond the boundaries of the 
South Fremantle Landfill Site and if present, the risk to relevant receptors and requirement (if any) 
for management measures.”  

The Site Auditor agrees that this is the principal study question for this particular data gap. 

The Auditor would appreciate some element within the DQOs that discusses how GHD will assess the quality of 
the data it collects i.e. what will be the data quality indicators (DQIs) for the data. 

The Auditor also queries whether a PID may suffer interference from methane and whether it would be a reliable 
indicator of volatile organic compounds (VOCs). 
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5.0 Scope of Works 

GHD proposes to work in line with the DER CSMS, CIRIA C6651, BS8576 (2013)2 and NSW EPA (2012)3.  GHD 
proposes to install 19 gas monitoring wells: 13 around Daly St and six around Sandown Park at depths of up to 
14 m.  Response zones would be installed from one metre below the surface to the depth of the well.  GHD 
proposes to monitor the newly installed wells, plus three Hollis Park Perimeter Wells and seven existing landfill 
wells, giving a stated monitoring network of 30 wells.  These wells would be monitored six times over a post 
summer period of three months for: 

• methane; 

• carbon dioxide; 

• oxygen; 

• hydrogen sulphide; 

• carbon monoxide; 

• atmospheric pressure; 

• gas flow; and 

• VOCs. 

The Site Auditor considers that the proposed number of new wells and monitoring regime are reasonable.  He 
makes the following queries: 

• 19 new wells, plus 3 Hollis Park Wells and 7 existing wells is a network of 29 not 30 wells? 

• Is GHD convinced that having response zones to within 1 m of the ground surface is a good idea based on 
the propensity for interference/interconnection with the atmosphere at this shallow depth? 

• Bullet 3 page 8 suggests a well depth of up to 16 m, Table 1 suggests 14 m. 

• Sandown Park, page 7, whilst we note access restrictions, monitoring wells should be located in potential 
worst case locations for gas migration i.e. in the areas most likely to find gas that has migrated offsite. 

 
The proposed GHD approach is reasonable and should collect relevant data to resolve the data gap. The Auditor 
would appreciate GHD’s response on the queries highlighted above. 
 
Should you have any questions related to this review please do not hesitate to contact the undersigned. 
 
Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
WA DER Accredited Contaminated Sites Auditor 
 
cc. Simon French GHD 

                                                        
1 CIRIA (2007) Assessing risks posed by hazardous ground gases to buildings 
2 BS 8576 (2013) Guidance on Investigation for ground gas – Permanent gases and Volatile Organic 
Compounds (VOCs). British Standards Institution 2013 
3 NSW EPA (2012) Guidelines for the assessment and management of sites impacted by hazardous 
ground gases 



South Fremantle Landfill Site - Proposal for Offsite Gas Investigation 
Response to Auditor Comments (AECOM Letter ref 60153520_LTR11_31Jan2014.docx) 

 
 
 

Response to Auditor Comments 
January 2014 

Reference Comments GHD Response 

1 
The Auditor would appreciate some element within the DQOs that discusses how GHD will assess the 
quality of the data it collects i.e. what will be the data quality indicators (DQIs) for the data. 
 

DQI information added - see yellow highlighted text of amended proposal (Rev 2). 

2 
The Auditor also queries whether a PID may suffer interference from methane and whether it would be 
a reliable indicator of volatile organic compounds (VOCs). 
 

The PID should not be sensitive to interference from methane as due the properties of methane, this is not ionised by 
the PID bulb.  
 
As discussed by telephone (tel con S French and J Clay 03/02/2014) there is a potential for interference in taking 
methane measurements with a GA 2000 in which the infra-red sensor can detect hydrocarbons and report them as 
methane. Were this to occur, a corresponding elevated reading from a PID would indicate this is occurring. Practical 
means of addressing such a situation to allow appropriate assessment of resultant data would comprise discussion of 
results with the Auditor in the first instance concerning the significance of the issue (e.g. nature/extent/magnitude) and 
then where the matter is considered to require further action, one or more of the following as a follow up action/event: 
 

• Undertake follow up methane specific monitoring event with a flame ionisation detector (FID). Note - there are 
few of these instruments available on Australian rental fleets and they are more vulnerable to 
damage/malfunction than PID instruments. As a consequence of the particular demands gas monitoring 
which has to respond to logistical challenges associated with atmospheric pressure condition changes, we 
generally deploy such instruments where monitoring of the type already proposed for this assessment 
indicates that such further assessment is required. 

• Deploy passive sampler in relevant monitoring installation/s to confirm volatile species present which is 
suspected to be responsible for possible interference to allow confirmatory analysis. 

• Undertake gas/vapour sampling from relevant installation/s and confirmatory laboratory analysis for methane 
and volatile species. 

 

3 19 new wells, plus 3 Hollis Park Wells and 7 existing wells is a network of 29 not 30 wells? 
 

Apologies – yes this is 29 – amended in proposal 

4 

Is GHD convinced that having response zones to within 1 m of the ground surface is a good idea based 
on the propensity for interference/interconnection with the atmosphere at this shallow depth? 
 

As discussed by telephone (tel con S French and J Clay 03/02/2014) we agree with the Auditor and confirm we 
wouldn’t propose to have any response zones within 1m of the ground surface (although we also acknowledge there 
are circumstances where this might be appropriate at other sites, e.g. below ground bearing slabs/other very low 
permeability surfaces). 
 
We note that gas risk guidance tends to reference specifically to 1m as a ‘cut off’ depth below which atmospheric 
influence is not considered to represent an issue. In the context of South Fremantle landfill site, as discussed, we 
consider that deeper pathways involving limestone strata are likely to be the dominant pathway rather than shallow 
permeable strata which may extend to depths in excess of 1m. In this context we consider the appropriate depth for 
the top of the response zone is a matter of judgement based on the particular location. It is expected that the top of 
the response zone could be set at depths of between 1-2m bgl (or possibly more in specific circumstances where 
considered justified) without comprising the objective of the work, rather than using a ‘default’ 1m for all installations. 
 
A clarification has been added to the proposal to reflect the above. 
 

5 Bullet 3 page 8 suggests a well depth of up to 16 m, Table 1 suggests 14 m. 
 

Apologies – this has been amended to be consistent with Table 1. 

6 

Sandown Park, page 7, whilst we note access restrictions, monitoring wells should be located in 
potential worst case locations for gas migration i.e. in the areas most likely to find gas that has migrated 
offsite. 
 

Noted. We have sought to locate offsite wells with this in mind to achieve the objective of the investigation whilst 
seeking to manage constraints imposed by access limitations and we recognise the pragmatic approach adopted by 
the Auditor in this regard. Given recent developments concerning access permission refusals (tel con S French and J 
Clay 03/02/2014) it is now expected that consultation with the DER is likely to be needed to fully address this issue. 
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4 February 2014 

Mr Matthew Piggott 
City of Fremantle 
Town Hall Centre 
8 William Street 
Fremantle WA 6160 
 

Dear Matthew By email 

Site Auditor Review – South Fremantle Landfill Site – Proposal for Offsite Gas Investigation. GHD 
3 February 2014 

1.0 Introduction 

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by City of Fremantle (the City) to provide 
WA Department of Environment Regulation (DER) Accredited Contaminated Sites Auditor services for the former 
South Fremantle Landfill (the Site). 

2.0 Documentation  

The review undertaken by the Site Auditor applies to the following document (the GHD Proposal):  

• South Fremantle Landfill Site – Proposal for Offsite Gas Investigation. GHD 3 February 2014. 

• South Fremantle Landfill Site – Proposal for Offsite Gas Investigation response to Auditor Comments 

(AECOM Letter ref 60153520_LTR11_31Jan2014.docx) 

3.0 Review 

GHD has satisfactorily resolved the Site Auditor’s queries and the proposed approach is considered to be 
appropriate.  It is understood that there are issues with gaining access to all the proposed locations, especially 
those located in City of Cockburn areas and the Auditor intends to take this point up with the DER. 

 
The proposed GHD approach is reasonable and should collect relevant data to resolve the data gap.   The Auditor 
looks forward to the execution of this scope of work. 
 
Should you have any questions related to this review please do not hesitate to contact the undersigned. 
 
Yours sincerely 
AECOM Australia Pty Ltd 

 
Jason Clay 
WA DER Accredited Contaminated Sites Auditor 
 
cc. Simon French GHD 
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22 September 2014

Matthew Piggott
City of Fremantle
Town Hall Centre
8 William Street
Fremantle WA 6160

Dear Matthew

Site Auditor Review - Offsite Landfill Gas and Vapour Investigation Former South Fremantle Landfill Site

1.0 Introduction

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by the City of Fremantle as a WA
Department of Environment and Regulation (DER) Accredited Contaminated Sites Auditor to undertake a
Mandatory Auditor’s Report (MAR) and associated auditing of the South Fremantle Landfill Site (SFLS), the ‘Site’.

GHD is currently engaged as the Environmental Consultant for the Site.

This letter presents the Site Auditor’s review of:

- GHD (2014). Offsite Landfill Gas and Vapour Investigation Former South Fremantle Landfill Site, August

2014, 61/30491 (herein, referred to as the OLGV Report).

The Site Auditor has previously reviewed various reports for the Site. A Conceptual Site Model (CSM)1 was
developed in 2012, from which a number of data gaps were identified and actions were recommended in an
Interim Site Management Plan (I-SMP)2.

2.0 Review

The Site Auditor’s comments on the OLGV Report are provided in grey shaded boxes throughout this letter for
ease of reading.

As part of the review, the Site Auditor has assessed the OLGV Report against the requirements of the WA DER
(formerly Department of Environment Protection) Contaminated Sites Management Series guidelines.

The Site Auditor notes that there are a number of typographical or numerical errors in the OLGV Report which
should be corrected for the next revision issued.

2.1 Executive Summary

The Executive Summary presented some limited background on the Site. The conclusions and recommendations
of the OLGV Report were presented. A Site Summary Form was presented in Appendix A.

The scope of work and outline monitoring results should be included in the Executive Summary, as required by
WA DER (2001). Please amend the Executive Summary in line with amendments to the remainder of the report.
The Site Summary Form is dated 2012 and should be updated to include more recent reports.

2.2 Introduction

Section 1 provided background on the former landfill site and the objectives for the OLGV investigation.

The Site Auditor considers that the information provided in Section 1 was generally in accordance with the
requirements of WA DER (2001).

2.3 Scope of Work

Details of the data gaps addressed in this investigation and a summary of the work undertaken for the OLGV was
provided in Section 2.

The Site Auditor considers that the information provided in Section 2 was generally in accordance with the
requirements of WA DER (2001).

1 GHD (2012). South Fremantle Landfill Site Detailed Site Review.
2 GHD (2013a). South Fremantle Landfill Site Interim Site Management Plan.
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2.4 Site Setting

Section 3 summarised details of the site including legal identification information, description, site history and
contamination status based on the site investigations to date.

Section 3.3 stated that the Site ‘is bound to the west by former industrial land which is now being developed for

residential purposes’. The Site Auditor notes that this information has been included in previous reports and
should be updated to reflect the current site conditions as already having been developed. Figure 2 should be
amended to show the various areas of assessment as discussed in the OLGV Report i.e. South Fremantle
Marketplace, off-site Daly St, Daly St, Hollis Park and Sandown Park.

Section 3.7.3 discusses groundwater contamination status at the Site and ‘petroleum hydrocarbons appear to be

the most common form of non–aqueous phase liquids (NAPL) to be encountered within groundwater ’. This would
not appear to be relevant if NAPL has not been detected.

2.5 Review of Available Documents for Adjacent Land

Section 4 presented summaries of available site contamination investigation reports for adjacent sites.

Lot numbers should be shown on the figures to allow ascertain the areas of impact discussed in Table 5.

It is noted that the scope of field investigations for the GHD June 2007 report for Lot 338 on Plan 56105 states
that landfill gases were reported between April 2005 to April 2007 but the summary column states that ‘ the report

concluded that no landfill gas had been detected at the South Beach development site during the monitoring

period (April 2005 to April 2007)’ – please clarify these contradictory statements. Please provide details of the
conclusions of the Stass Environmental 2004 Former Wesfarmers site report.

2.6 Conceptual Site Model

Section 5 presented the Conceptual Site Model (CSM) developed previously by GHD (2012) and highlighted the
elements relevant to potential risks associated with ground gases and vapours.

The Site Auditor considers that the information provided in Section 5 was generally in accordance with the
requirements of WA DER (2001).

2.7 Data Quality Objectives

Data Quality Objectives (DQOs) for the landfill gas and vapour monitoring investigation based on the seven step
staged process as per AS 4482.1-2005 were presented in Section 6. The DQOs had been initially presented in
the I-SMP2 and amended with rationalisation and changes in scope (GHD, 2014a3 and 2014b4).

The Site Auditor notes that the GHD proposal for offsite gas investigation should be referenced as 2014 rather
than 2013. Section 7.2 rather than 6.2 should be referenced under the identification and characterisation of
contamination for the identified purpose of the assessment.

2.8 Methodology

Section 7 detailed the methodology for the installation and monitoring of the gas and vapour monitoring wells.

The Site Auditor notes that Table 8 has referenced a number of monitoring wells incorrectly. The on-site wells for
Hollis Park site area should be MBD7-MBD10 and there were no off-site wells installed for this site area. Off-site
well POB 9 has been omitted from the Daly Street site area. The off-site well for Sandown Park site area should
be POB10 and only existing shallow well MBS2 was monitored although three other shallow wells are also shown
on Figure 2.

The Site Auditor notes that the gas monitoring field sheets indicate that basic field leak testing was not undertaken
at every gas monitoring location during round 1 and round 6 testing, in contradiction to the statement in the last
paragraph of Section 7.2.2.

The Site Auditor finds the reporting of the methodology undertaken for the investigation to be brief with very
limited detail provided on the actual monitoring procedures undertaken.

3 GHD, 2014a. South Fremantle Landfill Site Proposal for Offsite Gas Investigation, Rev 2 (3 February 2014)
4 GHD, 2014b. South Fremantle Landfill Site Scope Change for Offsite Gas Investigation (Rev 1) (19 March 2014)
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2.9 Guidelines

Section.8 presented a summary of the hazards and guidelines applicable to human health and property for the
Site.

The information provided in Section 8 was generally in accordance with the requirements of WA DER (2001).

2.10 Quality Assurance/Quality Control Programme

Section 9 summarised the QA/QC procedures applied during the gas and vapour investigation. Discussion of the
climatic conditions and the appropriateness of the period of monitoring for the study was presented.

Table 12 states that gas monitoring equipment and vapour monitoring equipment were calibrated twice daily in the
field. No evidence of this equipment calibration has been provided in the field data sheets or the appendices.

2.11 Field Observations

Field observations noted during the gas and vapour monitoring were discussed in Section 10.

Section 10.2.2 discusses the possibility of moisture interfering with the PID monitoring at well MBD2. The Site
Auditor acknowledges that the PID readings may have been erroneous but notes that there were very limited field
notes to substantiate this and concurs that the reading should not be considered unrepresentative of this location
based on the results of later rounds.

There were a number of incorrect well locations noted in the field notes. It is unclear as to how the incorrect
referencing of wells was discovered as the correction was not picked up in the field but rather indicated as a
typewritten note on the field sheet. Please discuss how the accuracy of well referencing can be ascertained.

The Site Auditor considers that there is a lack consistency between information noted in the field notes and that
reported in the OLGV Report. In some instances, issues discussed in the report are not highlighted in the field
notes (for example, the equipment battery failure problem experienced in round 5 monitoring for some of the wells
has not been documented in the field notes but rather the field notes have been left blank). Please review the field
notes and other anecdotal information that may not have been incorporated into the field notes and ensure that all
relevant field observations are discussed in Section 10. It is further noted that the missed monitoring round has
not been highlighted in the table of results in Appendix K. While the impact of the missed monitoring round has
been considered not to be an issue in Section 10.2.5, the Auditor requests that discussion on a general
assessment of any differences in results between rounds is included in the report.

Section 10.2.7 discusses the anomalies associated with the PID error readings during monitoring of MBD11 and
MBD13. While PID calibration and inspection indicate that the PID was in working order, the Site Auditor requests
further discussion on the ‘well conditions’ considered to have resulted in the erroneous PID readings.

2.12 Landfill Gas/Vapour Monitoring Results

Section 11 discusses the landfill gas and vapour monitoring results with a summary of results presented in Table
14. Gas monitoring results are presented in Appendix K with contour plots presented in Appendix M.

The Site Auditor notes that there is considerable reference in the discussion to previous results. While the
previous results have been presented in graphical format in Appendix N, comparison with the results of the
current investigation is difficult without the tabulated data. Please provide historical results in tabular format.

13 on-site gas monitoring wells are listed in Table 14; 15 are stated as monitored in Section 11.

Section 11.2 refers to methane concentrations being below 5%, rather than the 6% indicated in Appendix K.

Following comments on PID error readings in Section 10, an additional, anomalous PID readings in one
monitoring round for wells POB16 and MBD9 are discussed in Section 11.6. As discussed above, further
discussion on these anomalies is requested and it is noted that Section 11.5 which states that ‘unusual PID

readings were detected at MBD11 in every monitoring round and in MBD13 during round 3 and 4 … these PID

results should not be used in this investigation as they were not indicative of the well conditions ’ which contradicts
Section 10.2.7 bullet point 1 stating that ‘unusual readings are instead considered to be associated with conditions

in the MBD11 and intermittent MBD13 well conditions’.

Please correct labelling of well MSB2 as MBS1 in Appendix D.



60153520_LTR13_22Sept2014.docx
Page 4 of 4

Section 11.7 discusses flow rates in the wells but makes no comment on the negative flow rate recorded for
MBS2 in round 3.

The Site Auditor considers that a number of the contour plots (for example, PID contours) presented in Appendix
M would be more informative if the maximum value on the scale of reporting was increased.

2.13 Discussion and Qualitative Risk Assessment

Section 12 presents a qualitative discussion of the landfill gas and vapour generation potential of the various
areas of the site and off-site.

The Site Auditor requests further detail on the locations of the targeted sub-slab monitoring points in relation to
the assessment of the South Fremantle Marketplace Shopping Centre, and the management measures assumed
to be in force at the Fremantle Village.

2.14 Revised Conceptual Site Model

Section 13 presented a revised conceptual site model based on the findings of the investigation.

Please include the risk to receptors for on-site/off-site maintenance workers undertaking below ground works and
future site users rather than referring to previous sections.

2.15 Conclusions

Section 14 presented the conclusions of the landfill gas and vapour investigation.

While there was an element of repetition of information already presented in detail in the report, the Site Auditor
considers that the conclusions of the OLGV investigation were presented in accordance with the requirements of
WA DER (2001).

3.0 Recommendations

A summary of recommendations for the Site based on the findings of the landfill gas and vapour investigation is
presented in Section 15.

The Site Auditor requests that additional details of recommendations for further monitoring either from this
investigation or from the I-SMP, including locations of wells and sub-slab monitoring points, be included.

The Site Auditor looks forward to receiving a revised version of the OLGV Report.

Should you have any queries relating to this letter, please do not hesitate to contact Jason Clay.

Yours sincerely
For AECOM Australia Pty Ltd

Jason Clay

WA DER Accredited Contaminated Sites Auditor
jason.clay@aecom.com

This interim site audit advice is not a Mandatory Auditor’s Report, but forms part of the Site Audit process.  It is
intended that a Mandatory Auditor’s Report will be issued at the completion of the site audit.

Consistent with WA DER requirements for staged “sign-off” of sites that are the subject of progressive
assessment, remediation and validation, the Auditor is required to advise that:

- This site audit advice does not constitute a Mandatory Auditor’s Report.
- This interim advice is considered by the Auditor to be consistent with WA DER guidelines and policies.
- This interim advice will be included in the final Mandatory Auditor’s Report and associated documentation.
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16 December 2014

Matthew Piggott
City of Fremantle
Town Hall Centre
8 William Street
Fremantle WA 6160

Dear Matthew

Site Auditor Review - Offsite Landfill Gas and Vapour Investigation Former South Fremantle Landfill Site
October 2014

1.0 Introduction

Jason Clay of AECOM Australia Pty Ltd (AECOM) has been engaged by the City of Fremantle as a WA
Department of Environment and Regulation (DER) Accredited Contaminated Sites Auditor to undertake a
Mandatory Auditor’s Report (MAR) and associated auditing of the South Fremantle Landfill Site (SFLS), the ‘Site’.

GHD is currently engaged as the Environmental Consultant for the Site.

A Conceptual Site Model (CSM)1 was developed for the Site in 2012, from which a number of data gaps were
identified and actions were recommended in an Interim Site Management Plan (I-SMP)2. The Auditor has
previously reviewed Revision 1 of the Offsite Landfill Gas and Vapour Investigation report which GHD has
subsequently revised. This letter presents the Site Auditor’s review of:

- GHD (2014). Offsite Landfill Gas and Vapour Investigation Former South Fremantle Landfill Site, October

2014, Revision 2, 61/30491 (herein, referred to as the OLGV Report).

2.0 Review

The Site Auditor has reviewed the OLGV Report against the interim audit advice issued on 22 September 2014.
Revision 2 of the OLGV satisfactorily addresses the Auditor’s comments with the exception of the following:

a) Table 8 references MBD6 as an on-site well for the Hollis Park site area although MBD6 is shown as being
located within the Daly Street site area on Figure 1;

b) Section 11.1 refers to methane concentrations for wells in the Daly Street site area being below 5% rather
than 6% as documented in Appendix K;

c) Appendix D has incorrectly labelled well MSB2 as MBS1;

Should you have any queries relating to this letter, please do not hesitate to contact Jason Clay.

Yours sincerely
For AECOM Australia Pty Ltd

Jason Clay
WA DER Accredited Contaminated Sites Auditor

This interim site audit advice is not a Mandatory Auditor’s Report, but forms part of the Site Audit process.  It is
intended that a Mandatory Auditor’s Report will be issued at the completion of the site audit.

Consistent with WA DER requirements for staged “sign-off” of sites that are the subject of progressive
assessment, remediation and validation, the Auditor is required to advise that:

- This site audit advice does not constitute a Mandatory Auditor’s Report.
- This interim advice is considered by the Auditor to be consistent with WA DER guidelines and policies.
- This interim advice will be included in the final Mandatory Auditor’s Report and associated documentation.

1 GHD (2012). South Fremantle Landfill Site Detailed Site Review.
2 GHD (2013a). South Fremantle Landfill Site Interim Site Management Plan.
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Ashton Betti

From: Jason Clay
Sent: Monday, 13 March 2017 1:35 PM
To: Simon French
Cc: Ashton Betti
Subject: RE: SFLS Gas Risk Models

Simon 
 
Thank you for these responses these seem fine, could you also address: 
 

 Section 5 (Table 5): The report should identify the specific Data Quality Indicators that have been adopted 
for the investigation. 

 Section 6.2.2: GHD should identify that the PID calibration was undertaken at the commencement of each 
day and again at midday).  

 Section 7, page 29: The section reference in the first bullet is incorrect (Section 0).  
 Section 8: Were any duplicate readings collected from the landfill gas wells to confirm the accuracy of the 

measurements? 
 Section 9.4 (Appendix H2): The same scale / units / colour intensity should be used on each contour plot to 

demonstrate changing concentrations over time. 
 
Once these comments are addressed: 
 

 GHD (2016) Former South Fremantle Landfill Site. 2016 Offsite Landfill Gas and Vapour Investigation. 
September 2016. (Reference: 61/33210).  

 
Can be considered as final. 
 
Apologies for the delay in getting this to you. 
 
Regards 
 
Jason Clay 
Senior Principal 
Contaminated Sites Auditor (NSW and WA)  
CP SAM 
 

 

Senversa Pty Ltd 
Level 5, The Grafton Bond Building, 201 Kent Street, Sydney NSW 2000 
Please note our new address. 
 
m: +61 410 431 674  |  e:   jason.clay@senversa.com.au 
t:   +61 2 9994 8016  |  www.senversa.com.au  
 
Note:  this email and any attachments are for the intended recipient(s) only and may be confidential and/or privileged.  Any opinions are those of the sender 
and not necessarily Senversa.  If this email has been received in error, please delete all copies and contact the sender.  Senversa accepts no liability for any 
consequences arising from the recipient's use of this email and/or the information contained in and/or attached. 

 
Please consider the environment before printing this email. 
 

From: Simon French [mailto:Simon.French@ghd.com]  
Sent: Wednesday, 11 January 2017 5:28 PM 



2

To: Jason Clay <jason.clay@senversa.com.au> 
Subject: FW: SFLS Gas Risk Models 
 
 
Hi Jason, 
 
Short responses below in blue - discuss next week if you need to when you are here? 
 

 Notwithstanding the above, it must be noted that the mathematical modelling (specifically the FKM Model) 
suggests that if the sensitivity parameters were to occur in combination (Appendix K6) an exceedance of 
even EPG’s recommended carbon dioxide screening concentration (0.5%v/v) may be realised (anticipated 
carbon dioxide equilibrium concentration within an off-site domestic property, 1.1%v/v).  The risk 
assessment has used generic values of soil gas permeability – which EPG’s experience suggests are often 
very conservative for sands or gravels.  In order to confirm the level of risk, site specific values of 
permeability should be used in the models.   The models have used different values of the permeability of 
the soil – that are different by two orders of magnitude.  The same value should be used in both models 
(J&E and FKM).  The air exchanges is also low – the values used should be based on the Australian Exposure 
Factor Guide. 

No site specific values of permeability are available, therefore generic values have been adopted. The same 
soil permeability value is now used in both models (based on the air permeability for medium sand 
estimated in Ferguson et al 1995 which is significantly more conservative than the Friebel E and Nedebaum 
P, 2011 values originally used in the J&E model). As would be expected, the max Co2 values in the J&E 
model increase (see summary table below) but the outcome from the assessment remains the same. As 
Steve has identified, the soil gas permeability value is very conservative and so the resulting model results 
are also very conservative (particularly the sensitivity analysis). Although in theory further refinements could 
be implemented using more site specific data, taking a pragmatic approach, we consider that the level of 
assessment carried out is sufficient for the conclusions made. 

We agree the air exchange is value is low (in practice, air exchange rates are likely to be higher due to 
occupant behaviours and building characteristics). The value used is taken from Friebel E and Nedebaum P, 
2011 which sourced this value from the Australian Exposure Factor Guide. 

 Are the values for air viscosity the same in both models 
The same value for air viscosity is now being used in both models (differences between the previous values 
were small and this minor change does not significantly affect the recalculated results). 

 Is the pressure the same in both models?  Check the units conversion. 
The pressure units have been corrected in the model worksheets. Only the unit label was incorrect. 

 
Recalculated model outputs: 
 

Model Max CO2 indoor air 

FKM model 9.12E-02 
Johnson and Ettinger model 6.66E-03 
Pressure drop model 3.04E-02 
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Model Max CO2 
indoor air 

AER= 
0.18/hr 

(Appendix 
K2) 

 

Max CO2 
indoor air 

Internal 
building 
volume – 
discount 
first floor 

(Appendix 
K3) 

Max CO2 
indoor air 

13.5% CO2 
in soils 
directly 
beneath 
foundations 

(Appendix 
K4 

Max CO2 
indoor air 

5.8 hPa 
for 3 hour 
pressure 
decrease 
rate 

(Appendix 
K5) 

Max CO2 

indoor air 

Combined 
factors 

(Appendix 
K6) 

FKM model 3.04E-01 9.12E-02 1.35E-01 2.16E-01 1.07E+00 
Johnson and Ettinger 
model 

2.22E-02 9.69E-03 9.89E-03 1.58E-02 1.13E-01 

Pressure drop model 1.01E-01 4.42E-02 4.50E-02 7.07E-02 5.08E-01 

 
As previously reported (Rev 0): 
 

 

 
 
 
Simon French 
Principal Scientist 
 
GHD 
T: 08 6222 8203 | E: simon.french@ghd.com 

999 Hay Street Perth WA 6000 | PO Box 3106 Perth Adelaide Terrace WA 6832 | www.ghd.com  
WATER | ENERGY & RESOURCES | ENVIRONMENT | PROPERTY & BUILDINGS | TRANSPORTATION 
 
Please consider our environment before printing this email 
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From: Simon French  
Sent: Thursday, 15 December 2016 1:11 PM 
To: Liam Crellin <Liam.Crellin@ghd.com>; Sarah McNab <Sarah.McNab@ghd.com> 
Subject: FW: Fremantle 
 
See below. 
 

From: Jason Clay [mailto:jason.clay@senversa.com.au]  
Sent: Thursday, 15 December 2016 11:08 AM 
To: Simon French <Simon.French@ghd.com> 
Cc: Ashton Betti <Ashton.Betti@senversa.com.au> 
Subject: FW: Fremantle 
 
Simon 
 
Please see below the response from Steve Wilson on your model, my reading of this is that your model is supported 
(hurray).  I was pretty sure I sent him the CSM report but maybe not, so ignore the CSM comments.  If you could 
provide a short response to the last few question I’d be very grateful. 
 
I apologise for the length of time it has taken me to get to this, but…I will look at the model in detail in January. 
 
Regards 
 
 
Jason Clay 
Senior Principal 
Contaminated Sites Auditor (NSW and WA)  
CP SAM 
 

 

Senversa Pty Ltd 
Level 14, 309 Kent Street, Sydney NSW 2000 
 
m: +61 410 431 674  |  e:   jason.clay@senversa.com.au 
t:   +61 2 9994 8016  |  www.senversa.com.au  
 
Note:  this email and any attachments are for the intended recipient(s) only and may be confidential and/or privileged.  Any opinions are those of the sender 
and not necessarily Senversa.  If this email has been received in error, please delete all copies and contact the sender.  Senversa accepts no liability for any 
consequences arising from the recipient's use of this email and/or the information contained in and/or attached. 

 
Please consider the environment before printing this email. 
 

From: Steve Wilson [mailto:stevewilson@epg-ltd.co.uk]  
Sent: Thursday, 8 December 2016 2:42 AM 
To: Jason Clay <jason.clay@senversa.com.au> 
Cc: 'Sarah Mortimer' <sarahmortimer@epg-ltd.co.uk> 
Subject: Fremantle 
 
Dear Jason 
 
Thanks for the email.  As requested EPG has reviewed the report authored by GHD for the South Freemantle Landfill 
entitled ‘2016 Offsite Landfill Gas and Vapour Investigation’ (September 2016, Ref. 61/33210), particularly focusing 
on Section 12.5 (as requested).  
 
Generally EPG agree with the approach, assessment and conclusions made by GHD.  However, we do have some 
comments – which may be summarised as follows: 
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 The tabulated approach to development and refinement of the Conceptual Site Model (CSM) for gases and 

vapours does not provide the reader with a concise review of the potentially complete pollutant linkages.  It 
would be far better to present the CSM (certainly the refined CSM) as a series of scaled cross-sections 
(perhaps one through Daly Street and one through Sandown Park).  Ground conditions, boreholes (with 
response zones), typical gas concentrations, off-site building uses / floor slab construction and internal 
space monitoring data should be added to the pictorial CSM(s).  The development of a pictorial CSM is 
considered important because, going forward, it will provide a concise summary of the GHD document 
(which is quite a lengthy report).  Ideally the lines of evidence discussed within the GHD report would be 
cross-referenced on the pictorial CSM.   

 GHD has typically recorded low levels of methane outside the boundary of the South Freemantle 
Landfill.  Slightly elevated carbon dioxide has been detected (peak ~13.5%v/v).  GHD indicate that some of 
this carbon dioxide may be a result of the areas natural geology (Tamala Limestones), or inclusions thereof 
within reworked fill material.  EPG concur with this.  GHD state that background levels of carbon dioxide in 
the Tamala Limestone are between 0.9%v/v and 3.1%v/v.  GHD have used the ratio of methane to carbon 
dioxide within the area of landfill to assess the degradation status of the waste material.  GHD go on to 
state that methane oxidation is likely to be occurring toward the western and eastern boundaries of the 
Sandown Park Landfill.  To demonstrate this it would be helpful if carbon dioxide concentrations from 3 or 4 
boreholes recording higher concentrations were plotted against the calculated ratio of nitrogen to 
oxygen.  The relationship of these gases can provide a useful line of evidence when assessing if carbon 
dioxide is a result of microbial generation or methane oxidation.    

 EPG do not normally advocate the using of Gas Screening Values (GSV’s) in the assessment of gas risks to 
existing properties.  However, it is acknowledged that GHD have used the GSV’s as a screening tool for 
initial assessment of the site – thus permitting mathematical risk modelling to be focused on off-site 
properties where the screening indicates potentially more onerous risk.  This approach is considered 
acceptable.    

 With regard to the risk modelling undertaken by GHD, EPG consider the screening concentration for carbon 
dioxide adopted (0.125%v/v, i.e. effectively a FOS of 4 with respect to the Long Term Exposure Limit) to be 
overly conservative.  Work by Law et al. (NASA/TP – 2010 – 216126) indicates that indefinite exposure to 
0.5% carbon dioxide (5000ppm) will not cause any physiological effects.  EPG is not expert in toxicology 
but  a recent review that was undertaken by a toxicologist for a site we are involved with indicates that 
0.5% is a reasonable value for the assessment of risk from ground bourne CO2 to residential properties.  It 
might be useful to get a toxicologist to comment on this, if it becomes critical. 

 GHD’s standard modelling (GHD, Table 15, PDF Page 70) suggests no exceedances of calculated indoor 
equilibrium carbon dioxide concentrations when compared to GHD’s conservative screening concentration, 
0.125%v/v.  However, when sensitivity analysis is completed GHD note a number of exceedances (GHD, 
Table 17, PDF Page 71).  GHD justify these on the basis that in reality the sensitivity parameters (e.g. 
reduced air exchange rates and/or altered internal building volume and/or peak (13.5%v/v) carbon dioxide 
concentration and/or maximum pressure rate increase (5.8hPA)) are unlikely to be realised.  GHD also note 
that the models adopted for site assessment are inherently conservation.  EPG concur with GHD on this.   

 Notwithstanding the above, it must be noted that the mathematical modelling (specifically the FKM Model) 
suggests that if the sensitivity parameters were to occur in combination (Appendix K6) an exceedance of 
even EPG’s recommended carbon dioxide screening concentration (0.5%v/v) may be realised (anticipated 
carbon dioxide equilibrium concentration within an off-site domestic property, 1.1%v/v).  The risk 
assessment has used generic values of soil gas permeability – which EPG’s experience suggests are often 
very conservative for sands or gravels.  In order to confirm the level of risk, site specific values of 
permeability should be used in the models.   The models have used different values of the permeability of 
the soil – that are different by two orders of magnitude.  The same value should be used in both models 
(J&E and FKM).  The air exchanges is also low – the values used should be based on the Australian Exposure 
Factor Guide. 

 Are the values for air viscosity the same in both models? 
 Is the pressure the same in both models?  Check the units conversion. 

 
We trust that the comments provided above are acceptable. 
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Steve Wilson, Technical Director 
The Environmental Protection Group Ltd 
  
Tel 07971 277869 
www.epg-ltd.co.uk 
  
Disclaimer: 
  
Information contained in this e-mail is intended for the use of the addressee only and is confidential and may contain commercially sensitive material.  Any 
dissemination, copying or other use of this communication, other than for which it is explicitly intended, without the permission of the sender is strictly 
prohibited.  If you have received this e-mail in error, please advise the sender immediately and delete it from your system. 
Whilst all e-mails are screened for know viruses, the Company cannot accept responsibility for any which may have been transmitted. 
 
 

Message protected by MailGuard: e-mail anti-virus, anti-spam and content filtering. 
http://www.mailguard.com.au/mg 

 
Report this message as spam   
  
_____________________ 
CONFIDENTIALITY NOTICE: This email, including any attachments, is confidential and may be 
privileged. If you are not the intended recipient please notify the sender immediately, and please delete it; 
you should not copy it or use it for any purpose or disclose its contents to any other person. GHD and its 
affiliates reserve the right to monitor and modify all email communications through their networks. 
_____________________ 
 

Message protected by MailGuard: e-mail anti-virus, anti-spam and content filtering. 
http://www.mailguard.com.au/mg 

 
Report this message as spam   
  



City of Fremantle Asbestos Management Plan for 
the Former Landfill Site, Cockburn Road, South Fremantle 

Adopted as a standard operating procedure by the City’s Environmental Health Team (April 2010). 

PURPOSE 

This asbestos management plan sets out the method and actions the City will take to 
manage visible fragments of material containing asbestos (MCA) found on the surface of 
the former South Fremantle landfill site, Cockburn Road, South Fremantle. 
 
The location and quantities of visible, identified asbestos material on the landfill surface is 
recorded in the environmental consultant, Aquaterra (December 2006), document titled 
“South Fremantle Landfill Site – Waste Extent and Fill Thickness” and by photographs 
taken after the fragments were removed, which can be accessed to inform any person 
involved with any proposed full remediation of the landfill site at some time in the future. 
 
MANAGEMENT 
The City will manage these fragments using a combination of removal and isolation. More 
specifically, the following arrangements are in place to address management of these 
fragments found on the surface of the landfill site. 
 
PROCEDURE 

The City prefers to engage an approved asbestos removal contractor to carry out the 
removal and disposal of asbestos material from the surface of the landfill site. 
 
The contractor shall be inducted by the City’s Risk Manager before commencing work on 
the landfill site. The contractor shall wear the appropriate level of personal protective 
equipment when actively removing fragments of material containing asbestos from the 
surface of the landfill site. 
 
Any suspected fragments are to be handpicked and placed in heavy duty plastic 
containers (i.e. stored in plastic bags or wrapped in plastic sheet as appropriate) and then 
sealed and finally disposed of to an approved landfill site that accepts asbestos waste. 
 
Following removal of asbestos containing material from the surface of the landfill site, the 
area will be isolated by covering with at least 10cm of clean material (sand or mulch). The 
cover material shall extend for approximately a one metre radius. Uneven ground that is 
prone to erosive forces should be levelled to the highest point possible with clean fill 
material. (DoH WA, 2010) 
 
REVIEW 
The City will endeavour to conduct an annual campaign of identifying further locations of 
visible fragments of material containing asbestos on the surface of the former landfill site. 
 
If fragments are found on the surface of the landfill site, the asbestos removal contractor 
will be engaged by the City to hand pick the fragments and remove them in the manner 
identified above. The area where the fragments were found will be covered with clean 
material to the same specification described above. 



 
Appendix D: Historic Site Information 
 

p11455_rpt01_rev0_mar.docx 
 

Appendix D: Historic Site Information
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