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1 INTRODUCTION 

1.1 Site Description 

Cygnia Cove, formerly known as the East Clontarf development site is located south of Manning Road 
in the suburb of Waterford, as shown in Figure 1.   

The site is located approximately 8km south-east of the Perth Central Business District, encompassing 
an area of approximately 20ha.  The coordinates of the centre of the site are approximately 395,730mE 
and 6,457,300mN. 

Clontarf Bay on the Canning River forms the southern boundary of the site, and approximately 30% of 
the site currently comprises a Resource Enhancement category wetland which trends east-west along 
the northern central portion of the site.  The wetland drains to Clontarf Bay along a narrow drainage line 
situated near the western edge of the site.   

Curtin University is located to the north-west of the site, with Clontarf Aboriginal College to the west, 
and residential housing both to the north and east (Figure 2). 

The topography of the site has historically been modified and the original size of the wetland has been 
reduced.  During the 1940’s, pine plantations and market gardens were present at the site.  Drainage 
channels were also created and maintained to assist in reducing ground water levels.  It is understood 
that uncontrolled fill was imported to the site prior to 1968 in order to elevate the area occupied by the 
Christian Brothers’ Clontarf Orphanage playing fields, in the southern portion of the site. 

1.2 Purpose 

Condition 8 of the Ministerial Statement (Appendix A) requires the preparation of an Asbestos 
Management Plan, whilst the proponent has committed to the development of a Construction 
Environmental Management Plan which includes within it, Dust Management procedures. 

This report presents strategies to ensure that nuisance and contaminated dust, including asbestos 
fibres, are controlled during the remediation, bulk earthworks and construction phases at the Cygnia 
Cove development site, comprising Lot 9001, Lot 829 and Lot 83 Manning Road, Waterford. 

1.3 Previous Investigations 

ATA Environmental (ATA) has previously investigated soil and groundwater contamination at the site, 
as described in the following reports: 

 Environmental Assessment, East Clontarf, Manning (ATA, 2001).  ATA Environmental Report 
2000/179.  Prepared for Trustees of the Christian Brothers, January 2001. 

 Preliminary Assessment - Asbestos Contamination, East Clontarf, Manning (ATA, 2002a).  ATA 
Environmental Report 2002/47.  Prepared for Trustees of the Christian Brothers, May 2002. 

 Remediation Report, Asbestos Contamination, Clontarf Aboriginal College, Manning (ATA, 2002b).  
ATA Environmental Report 2002/122.  Prepared for Trustees of the Christian Brothers,  
September 2002. 
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 Detailed Soil/Groundwater Contamination and Preliminary Acid Sulphate Soils Investigation, 
Sampling and Analysis Program (ATA, 2002c). ATA Environmental Report 2002/147.  Prepared for 
Trustees of the Christian Brothers, December 2002. 

 Preliminary Acid Sulphate Soils Investigation, East Clontarf, Manning (ATA, 2003a). ATA 
Environmental Report 2003/115.  Prepared for Trustees of the Christian Brothers, August 2003.   

 Detailed Soil and Groundwater Investigation, East Clontarf, Waterford (ATA, 2003b).  ATA 
Environmental Report 2002/144.  Prepared for Trustees of the Christian Brothers, December 2003. 

The results of a detailed soil investigation for the site (ATA, 2003b) are reviewed in this report and used 
to formulate management strategies appropriate to the proposed development works at the site.  A Site 
Summary form is provided as Appendix B, together with copies of the current Certificates of Title for  
Lot 9001 (Deposited Plan 44883, Volume 2598 Folio 42); Lot 829 (on Diagram 88770, Volume 2048 
Folio 180); and Lot 83 on Plan 2461, Volume 2048 Folio 181.  

The soil and groundwater contamination investigation sampling and analysis plan (ATA, 2002c) was 
reviewed by the Department of Environment (DoE) (then DEP, Department of Environmental 
Protection) in February 2003, as included in the detailed soil and groundwater investigation report  
(ATA, 2003b).  Based on DoE (now Department of Environment and Conservation (DEC)) comments 
and site observations, some amendments were made to the sampling and analysis plan during the 
implementation of the soil and groundwater contamination investigation, as outlined in ATA (2003b).   

The site was formally assessed under the Environmental Protection Act 1986, and a Public 
Environmental Review (PER) document for the proposed development was prepared and released for 
public comment in June 2004.  Information regarding soil contamination derived from site investigations 
was included in Section 3.10 the PER.  Reports associated with the formal assessment process include 
the following: 

 Clontarf Residential Subdivision, Manning, Public Environmental Review Environmental Scoping 
Document Assessment No. 1467 (ATA, 2003c).  ATA Environmental Report 2003/39.  Prepared for 
Trustees of the Christian Brothers, July 2003. 

 Clontarf Residential Subdivision, Waterford, Public Environmental Review (EPA Assessment  
No. 1467) (ATA, 2004a). ATA Environmental Report 2003/91, Version 5.  Prepared for Trustees of 
the Christian Brothers, June 2004. 

 Clontarf Residential Subdivision, Waterford, Responses to Submissions (EPA Assessment  
No. 1467) (ATA, 2004b). ATA Environmental Report 2004/182.  Prepared for Trustees of the 
Christian Brothers, October 2004. 

 Clontarf Residential Subdivision, Waterford, Ministerial Statement No. 692, Section 45C Referral 
(ATA, 2006a).  ATA Environmental Report 2006/82.  Prepared for Trustees of the Christian Brothers, 
April 2006. 

Commitments were made by the proponent in the PER document to remediate contaminated soil at the 
site such that the site would be compatible with the proposed future land uses, and to do so in a 
manner that would not adversely impact on environmental or human health.  The Environmental 
Protection Authority (EPA) released Bulletin 1156 containing its report and recommendations on  
6 December 2004 (EPA, 2004).  The East Clontarf Residential Development proposal, now known as 
Cygnia Cove, was approved by the Minister for the Environment in Ministerial Statement No. 692 in 
October 2005, subject to the fulfilment of conditions.   
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1.4 Proposed Site Works 

It is proposed to develop the site for residential use with public open space (POS), with the core of the 
wetland retained as shown in Figure 3.  The subdivision plan shown in Figure 3 has been modified 
slightly to that assessed in the PER.  The revised subdivision plan has been approved by the EPA as a 
part of Section 45C Referral.   

Remedial works will be required prior to development in order to remove geotechnically unsuitable 
material (uncontrolled fill) which locally exceeds the DEC’s Ecological Investigation Levels (EIL) 
guidelines for metals and contains some asbestos sheeting.   

1.5 Objective and Scope of Works 

The purpose of this document is to outline measures to prevent the release of asbestos fibres whilst 
handling and relocating contaminated material during the remediation phase, and in the long term after 
development.  A crucial component of this plan is to ensure that nuisance and contaminated dust, 
including asbestos fibres, is controlled during the remediation, bulk earthworks and construction phases 
of the development.   

This Dust and Asbestos Management Plan (DAMP) specifically addresses the following: 

 Description of the earthworks proposed for areas where asbestos has been identified; 

 Methodology for ensuring the removal and appropriate disposal of impacted soils; 

 Measures and practices to minimise the generation of dust; 

 Suggested air quality monitoring equipment and monitoring sites; 

 Monitoring for fine particulates; 

 Monitoring for airborne asbestos fibres; 

 Monitoring for nuisance dust; 

 Confirmatory monitoring for heavy metal particulates contained within the dust; 

 Identification of regulatory guidelines and compliance criteria; and 

 Nomination of action levels and contingency measures in the event that air quality approaches or is 
likely to exceed the adopted compliance criteria. 

Section 2 of this document outlines the site investigations and summary of issues pertinent to asbestos 
and dust.  Section 3 presents a conceptual model of the site outlining the potential contaminants of 
concern, sources, exposure pathways and identified receptors. Section 4 presents a review of the 
various remediation options and details the rationale for the selected strategy. Section 5 details the 
proposed asbestos and dust management strategies, and monitoring is outlined in Section 6.  
Contingency responses are outlined in Section 7 whilst Section 8 details the reporting requirements and 
which parties are responsible for implementation of the proposed management plans. 
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2 SITE INVESTIGATIONS AND SUMMARY OF ISSUES 

The following information is summarised from material presented in the following reports: 

 East Clontarf, Manning Report on Geotechnical Studies (Coffey, 2000). 

 Environmental Assessment East Clontarf, Manning [DRAFT] (ATA, 2001). 

 Preliminary Assessment - Asbestos Contamination, East Clontarf (ATA, 2002a). 

 Remediation Report - Asbestos Contamination, Clontarf Aboriginal College, Manning (ATA, 2002b). 

 Detailed Soil/Groundwater Contamination and Preliminary Acid Sulphate Soils Investigation -
Sampling and Analysis Program (ATA, 2002c). 

 Detailed Soil and Groundwater Investigation - East Clontarf, Waterford (ATA, 2003b). 

In 2001 a preliminary assessment for asbestos contamination at the site (ATA, 2002a) identified the 
presence of asbestos fibres within a concrete matrix at the base of an access track on the western 
margin of the site (Figure 4).  Subsequently, an Asbestos Remediation Plan (ATA, 2002b) was 
implemented to remove the contaminated soil.  A small area of the access track (Figure 4) that is 
covered with bitumen hardstand could not be remediated due to the presence of underground services.  
Provided that the soil was not disturbed, it was considered that no health or environmental threat 
existed given that the asbestos is contained by the bitumen (ATA, 2002b).  This hardstand area does 
not form part of the current area of investigation (Figure 4). 

In July 2002, the Department of Environmental Protection (DEP) provided comment on the initial 
Environmental Assessment that was submitted in May 2002 (ATA, 2001) requesting that additional 
investigations be conducted to better define the characteristics of fill material used to construct the 
playing fields and the soils associated with the market garden area.  Accordingly, a detailed sampling 
and analysis program was developed and implemented to address the DEP’s concerns (ATA, 2002c; 
ATA, 2003b).   

The soil and groundwater contamination investigation sampling and analysis plan (ATA, 2002c) was 
reviewed by the former DEP in February 2003, and included in the detailed soil and groundwater 
investigation report (ATA, 2003b).  Based on DEP comments and site observations, some amendments 
were made to the sampling and analysis plan during the implementation of the soil and groundwater 
contamination investigation, as outlined in ATA (2003b).   

2.1 Site Geology and Hydrology 

The site slopes down towards the Canning River, with a maximum elevation of approximately 9mAHD 
near Manning Road, 2-3mAHD through wetland areas, and 1mAHD along the foreshore.   

The natural surface geology over the majority of the site (excluding the wetland) is mapped by  
Jordan (1986) as comprising Unit S8, Bassendean Sand.  Unit S8 is described as fine to  
medium-grained sub-rounded quartz sand which is very light grey at surface and yellow at depth 
(Jordan, 1986).  The wetland in the north central portion of the site is mapped as comprising Unit S14, 
Alluvium, which is described as white to pale grey, medium- to coarse-grained quartz sand with 
abundant shell fragments (Jordan, 1986). 
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Previous investigations at the site have identified deposits of fill in several areas at the site, including 
several areas to the south of the wetland and two areas on the northern margin of the wetland, as 
shown in Figure 2 of the report Detailed Soil and Groundwater Investigation, East Clontarf, Waterford 
(ATA, 2003b).  It is estimated that the uncontrolled fill covers approximately 2ha of the site and varies in 
thickness between 0.1m and 1.5m (ATA, 2003b). 

Natural soils encountered during investigations at the site included sands consistent with the description 
of Bassendean Sand by Jordan (1986) over large areas of the site.  Extensive areas of peat were also 
identified (described as sandy to clayey peat) extending beneath the current wetland, along the 
drainage line near the western margin of the site.  Geotechnical investigations at the site were used to 
infer the extent of peat across the site, as shown in Figure 4 of ATA (2003a).  The extent of peat on that 
diagram is generally consistent with areas where peat was encountered in the ASS investigation: 
particularly beneath the wetland and along the western drainage line.  However, instead of peat 
adjacent to the foreshore, ATA identified clayey and silty soils matching the description of Guildford 
Formation (Jordan, 1986) at shallow depth beneath the Bassendean Sand unit.   

2.2 Surface Hydrology 

The site is situated adjacent to the Canning River at Clontarf Bay, with the central area of the site 
occupied by a wetland.  A review of the Western Australian Land Information System (WALIS) online 
database (http://www.atlas.wa.gov.au, last accessed May 2006) indicates that the wetland is 
designated a Resource Enhancement management category feature.  ATA has conducted site-specific 
investigations into the extent and nature of wetlands at the site, and has come up with modified wetland 
boundaries and classifications which have been accepted by DEC, as shown in Figure 6 of the PER 
(ATA, 2004a).  

2.3 Nature and Extent of Contamination 

As discussed in Section 1.2, a number of investigations have been undertaken at the site to assess the 
extent of contamination.   

The following section discusses the methodology employed, analyses used and results of the 
aforementioned investigations specific to asbestos identification and remediation. 

2.3.1 Preliminary Investigation - Coffey and ATA Environmental, 2000 

In December 2000, ATA Environmental undertook a preliminary soil assessment, in conjunction with the 
geotechnical investigations undertaken by Coffey Geosciences Pty Ltd (Coffey) at the site (ATA, 2001; 
Coffey, 2000).  The purpose of the investigation was to identify potential soil contamination that may 
exist at the site due to historical land uses.  Activities undertaken by ATA Environmental included the 
collection and subsequent analysis of judgemental soil samples from the 28 test pits excavated during 
Coffey’s geotechnical investigations (Coffey, 2000). 

There were traces of building rubble (bricks, concrete slabs and blocks) over some of the site at the 
time of fieldwork.  Stockpiles of building rubble were located centrally in the southern portion of the site 
in the vicinity of Coffey’s test pit CTP10 (Figure 4).  In addition, asbestos cement sheeting was identified 
to the north-east of Coffey’s test pit CTP10 and immediately west of the monitoring bores (CP1 and 
CP2) alignment (Figure 4). 
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Coffey divided the subsurface conditions in the East Clontarf site into five areas (Areas 1 to 5) based on 
field data together with engineering judgement.  The division was based on the presence of 
uncontrolled fill and peaty soils overlying natural soils in the site.  A brief description of these areas as 
they pertain to this DAMP is provided below. 

Area 2A (Figure 5) is a slightly elevated section between the wetland and the river.  This area contains 
uncontrolled fill over natural medium dense sand and clayey sand, sandy clay and clay of the Guildford 
Formation.  The fill materials encountered in test pits CTP23 and CTP24 contained traces of plastics, 
brick blocks, brick fragments and steel products.  A large stockpile of building rubble was noted within 
the vicinity of CTP23 and CTP16 at the time of fieldwork.  Uncontrolled fill sand was also encountered 
in test pit CTP12 overlying sand and coffee rock at 1.8m depth below ground level.  Backhoe bucket 
refusal was recorded on coffee rock at 2.2m depth below ground surface (Coffey, 2000). 

Areas 3A, 3B, 3C and 3D (Figure 5) are low-lying areas in or adjacent to the wetland and river 
foreshore reserve.  These areas contain uncontrolled fill and peaty soils overlying natural soils.  The 
natural soils were generally medium dense sand over clayey sand, sandy clay and clay of the Guildford 
Formation.  The fill materials were generally sand, but test pits CTP3, CTP7, CTP10 and CTP25 
contained traces of some brick blocks and fragments, concrete fragments, wood pieces, aluminium 
sheets, steel rods, plastics, steel strips, concrete slabs, concrete columns, tile bricks, concrete blocks, 
and steel pipes (Coffey, 2000).  Asbestos cement sheets were observed in CTP10 (Coffey, 2000). 

The uncontrolled fill material appeared to be relatively uniform in contents across the site and 
comprised predominantly dark grey sand and the following: 

a. Bricks and brick fragments; 

b. Concrete blocks, slabs and rubble; 

c. Glass bottle fragments; 

d. Ceramic tile and fragments;  

e. Incinerated wood pieces; 

f. Metal sheets, rods and piping; and  

g. Asbestos cement sheeting fragments. 

2.3.1.1 Soil Analytical Results 

Asbestos fibres were not detected in any of the soil samples analysed (ATA, 2001).  This included 
samples from CTP10 in which asbestos cement sheets had been visually identified (Coffey, 2000;  
ATA 2001).    A section of cement piping collected from the test pit CTP10 was subjected to analysis, 
which confirmed that chrysolite and amosite asbestos was the major constituent of the piping 
(ATA, 2001). 

The thickness of the uncontrolled fill varies from 0.1 to 1.5m.   
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2.3.2 Detailed Soil and Groundwater Investigation ATA Environmental 2003 

2.3.2.1 Soil Sampling Methodology 

As discussed in Section 2 of the Sampling and Analysis Program (ATA, 2003b), sample locations were 
selected to target portions of the site identified as having significant risk of potential soil contamination 
based on a desktop review of site information and preliminary soil sampling.  Portions of the site 
considered at risk of soil contamination comprised areas of uncontrolled fill as defined by Coffey  
(Areas 2A, 3B, and 3C), a former community market garden area (Area 2B), and the south-east 
boundary of the site, adjacent a former municipal landfill area (Figure 5).  A total of 125 sample 
locations were selected from the identified areas of potential contamination, using the recommended 
sample density (DEP, 2001) based on the size of the area of concern.     

Soil sampling was undertaken between 6 May 2003 and 10 May 2003.  Samples were collected at 0.5m 
intervals to a maximum depth of 3.5m, for a total of 349 samples (including quality control samples) 
from 133 sample locations.  Soil sample locations were designated TP1 to TP143 (with some numbers 
not used), and their locations are shown in Figure 5.  Samples were submitted to a NATA-accredited 
laboratory for analysis of one or more parameters (based on the contaminants of concern) or for 
storage. 

2.3.2.2 Soil Assessment Criteria 

Until recently there has been no criterion set for assessing asbestos in soil, instead the detection of 
asbestos fibres in an area is considered to trigger a requirement for management of the affected soil.  In 
recent years two publications have proposed assessment criteria.  The first was the EnHealth 
publication titled Guidelines for the Management of Asbestos in the Non-Occupational Environment 
(EnHealth, 2005) which proposed an assessment criteria of less than 0.001% w/w asbestos in soil as 
an appropriate standard for detection of asbestos in soil.  The second is the recently published 
Guidelines for the Assessment, Remediation and Management of Asbestos Contaminated Sites in 
Western Australia (DoH, 2009). This document provides specific advice and recommendations on 
remediation and also adopts the assessment criteria proposed by EnHealth. 

Both documents confirm the analytical and sampling difficulties associated with the assessment of 
asbestos fibres in soil which mean that there are significant uncertainties associated with 
methodologies of the determination of asbestos concentrations in soil.  As a result while noting the 
recommended assessment criterion proposed, Coffey Environments will adopt as a remediation goal a 
criterion of zero asbestos fibres detected in validation samples.  In the event that this is not achievable 
(considered unlikely), the alternative criterion of < 0.001% w/w asbestos in soil will be used.  

In view of the known presence of fragments of asbestos sheeting and other asbestos containing 
materials (ACM) on the site, an assessment goal of zero fragments of ACM as determined by a visual 
assessment will be adopted for assessing the successful remediation of area of the site at risk of being 
impacted by ACM.  

Whilst the subject of soil remediation and/or removal of soils where they are contaminated by 
substances other than asbestos (i.e. metals/pesticides etc) is not the subject of this report, the 
management of dust which may contain these substances is.  As such, the soil assessment criteria and 
analytical results relevant to these contaminants are included within this report.  Further detail on soil 
remediation strategies is presented in the report Site Contamination Investigation Remediation and 
Validation Management Plan (Coffey Environments, 2009). 
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The relatively stringent Ecological Investigation Levels (EILs) presented in Assessment Levels for Soil, 
Sediment and Water (DoE, 2003) were applied to the site due to the shallow depth of the groundwater 
table and the proximity of the site to the Canning River. 

2.3.2.3 Soil Analytical Results 

The results of the laboratory analyses are tabulated in Appendix F of the Detailed Soil & Groundwater 
Investigations (ATA, 2003b).  Comparison of the results to the EIL criteria indicates that only limited soil 
contamination was identified, comprising samples which exceed the criteria for metals (12 samples) or 
equal the criteria for organochlorine (OC) pesticides (one sample).  Of 289 samples analysed for 
asbestos, fibres were only detected in four samples from the upper soil profile.  It is considered likely 
that the identified asbestos fibres are derived from the weathering and disintegration of asbestos 
cement products which were previously identified during geotechnical investigations of the areas of 
uncontrolled fill.  Test pit logs included in Appendix D of the Detailed Soil and Groundwater 
Investigations (ATA, 2003b), indicate that material potentially containing asbestos was visually identified 
at several locations across the site.  These locations are identified in Figure 5.  

The samples which exceed the assessment criteria are summarised in Table 1, and are identified on 
Figure 5. 

TABLE 1 
SAMPLES WITH ANALYTE CONCENTRATIONS ABOVE EILs  

Sample Location and 

Depth Interval 
Soil Description Contaminant 

Concentration 

(mg/kg) 

EIL 

(mg/kg) 

TP34 0.3m Uncontrolled Fill 
Asbestos 

chrysotile 
Detected NA 

TP39 0.5m Sand 
Asbestos 

chrysotile 
Detected NA 

TP46 0.5m Uncontrolled Fill Zinc 610 200 

TP48 0.2m Uncontrolled Fill Lead 460 300 

TP55 0.5m Uncontrolled Fill Arsenic 22 20 

TP56   0.5m Sand Cadmium 9.4 3 

TP60      0.5m Uncontrolled Fill Zinc 230 200 
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TABLE 1 
SAMPLES WITH ANALYTE CONCENTRATIONS ABOVE EILs  

Sample Location and 

Depth Interval 
Soil Description Contaminant 

Concentration 

(mg/kg) 

EIL 

(mg/kg) 

TP73  0.5m Uncontrolled Fill 

Asbestos 

chrysotile and  

crocidolite 

Detected NA 

Zinc 380 200 

TP75    1.0m Dup Uncontrolled Fill Dieldrin 0.2 0.2 

TP76      0.2m Uncontrolled Fill 
Asbestos 

chrysotile 
Detected NA 

TP90    1.5m Mottled sandy clay Chromium 50 50 

TP113   0.5m Mottled sandy clay Chromium 51 50 

TP120    0.5m Uncontrolled Fill Zinc 200 200 

TP121    0.5m Uncontrolled Fill Zinc 620 200 

TP139    1.5m Mottled sandy clay Chromium 50 50 

The samples which exceed the action criteria generally comprise uncontrolled fill (comprising sand with 
obvious rubble).  One sample (TP48/0.2m) contained a lead concentration of 480mg/kg which exceeds 
both EIL and HIL ‘A’ criteria. This sample was located in uncontrolled fill which will be excavated and 
disposed of off-site. The Site Contamination Investigation, Remediation and Validation Management 
Plan (Coffey Environments, 2009) details how this area will be managed.   

There are three locations where chromium is found at or marginally above the EIL of 50mg/kg in 
undisturbed soil comprising mottled sandy clay (locations TP90, TP113, and TP139  
Figure 5).  It is considered that the slightly elevated chromium concentrations at these three locations 
are a result of naturally occurring concentrations in Guildford Formation soils, as there is no evidence of 
anthropogenic contamination at the depths where these samples were encountered and no chromium 
contamination was identified in uncontrolled fill at the site.  Accordingly, it is considered that this 
material does not require remediation.   

2.3.3 Delineation of Uncontrolled Fill 

The density of sampling performed by ATA Environmental allowed the identification of uncontrolled fill 
across the site to be further refined from Coffey’s previous investigations.  This is reflected in Figure 5 
which delineates the areas of uncontrolled fill across the site. 
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2.3.4 Soil Contamination  

The results summarised above indicate that samples at locations TP34, 39, 46, 48, 55, 56, 60, 73, 75, 
76, 120, and 121 exceed the assessment criteria, and soil remediation is therefore required (Figure 5) 
(refer to Coffey Environments, 2009a) for specific management procedures regarding site 
contamination, validation and remediation strategy. Chrysotile and/or crocidolite asbestos was 
confirmed to be present in the uncontrolled fill material at sampling location and depth intervals TP34 
0.3m, TP39 0.5m, TP73 0.5m and TP76 0.2m (Figure 5).  The scattered nature of the asbestos found 
suggests that the fibres have been released from the fragments of asbestos cement sheeting present in 
the uncontrolled fill (ATA, 2004a; Coffey, 2000).  Most of the areas of contamination identified require 
excavation for geotechnical reasons, as they fall within areas of uncontrolled fill.  It is estimated that the 
uncontrolled fill covers approximately 2ha of the site and varies in thickness between 0.1m and 1.5m 
(ATA, 2003b). 

In order to minimise potential environmental and health risks associated with fugitive dust emissions 
during civil works, the stringent excavation and dust management strategies outlined in Section 5 will be 
implemented. 

2.3.5 Summary of Asbestos Contamination 

In summary, asbestos has been detected within soil samples taken from uncontrolled fill areas as 
delineated in Figure 5.  Of the 289 samples analysed for asbestos during the 2003 sampling  
(ATA, 2003b), fibres were only detected in four samples from the upper soil profile.  Specifically 
chrysotile and/or crocidolite asbestos were confirmed to be present at sampling locations TP34, TP39, 
TP73 and TP76 (ATA 2003b).  Visual observations during the 2003 detailed soil investigation indicate 
that asbestos cement sheeting fragments are scattered throughout the areas of uncontrolled fill  
(Figure 5). 

Analysis of a section of cement piping collected from test pit CTP10 confirmed that chrysotile and 
amosite asbestos were the major constituents. 

The data collected from these investigations suggests that asbestos is limited to isolated areas of 
uncontrolled fill which contain asbestos cement sheeting and/or cement piping. 
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3 CONCEPTUAL SITE MODEL 

3.1 Introduction 

As per DEC (2006), a Conceptual Site Model (CSM) describes the pathways by which exposure to 
potential contamination at a site may occur.  For exposure to occur, a complete pathway must exist 
between the source of contamination and the receptor (i.e. the person or ecosystem components 
potentially affected by the contamination). Where the exposure pathway is incomplete, exposure cannot 
occur, leaving no risk present via that pathway. The potential for components of the CSM to change 
over time should be considered as part of the risk assessment and risk management.  

It is noted that Commitment number 6 in Schedule 2 of Ministerial Statement No. 692 requires a 
determination of the nature and extent of any soil or groundwater contamination present within the site 
which may pose a risk to human health or the environment.  

The following sections review the contaminants of potential concern found in soil and groundwater  
on-site, the possible sources, receptors and exposure pathways that may pose a risk to human health 
or the environment prior to, and during, any remedial works on the site. Figures 7A and 7B provide a 
schematic of the CSM under current conditions and under future land uses.  

3.2 Contaminants of Potential Concern (COPCs) 

Previous investigations at the site have found contaminants in soil and groundwater at concentrations 
equal to, or in exceedance of, relevant assessment criteria. Contaminant levels in soil were screened 
against Ecological Investigation Levels (EILs) presented in Assessment Levels for Soil, Sediment and 
Water (DoE, 2003). COPCs in exceedance of the screening criteria were found across various parts of 
the site, and include several metals (arsenic, cadmium, chromium, lead, and zinc), pesticides (dieldrin, 
DDE), and chrysotile and/or crocidolite asbestos. These COPCs have been found primarily in upper soil 
layers and areas of uncontrolled fill.  

Groundwater on-site naturally flows towards the south and slightly south-south-westerly (ATA, 2003).  
Due to the groundwater flow direction and the proximity to the Canning River, groundwater monitoring 
results were screened using the Fresh Waters assessment criteria for Aquatic Ecosystems (using 
Lowland Rivers values where available) specified in the Australian and New Zealand Guidelines for 
Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000). Where no Fresh Waters guidelines 
existed (e.g. ammonia-N, NOx-N, total nitrogen, total phosphorus), monitoring results were screened 
using Drinking Water Guidelines specified in Australian Drinking Water Guidelines (NHMRC & 
ARMCANZ, 1996). COPCs which exceeded the criteria in groundwater at various locations on the site, 
in one or more rounds of monitoring between 2001 and 2006, include several metals (aluminium, 
arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc), naphthalene, pesticides (DDE, 
dieldrin), TPH (C15-28), and various nutrients (total phosphorus, ammonia-N, NOx-N, total nitrogen, 
chloride, sulphate).  

3.3 Sources 

Based on previous investigations, several potential sources of COPCs in the soil and groundwater have 
been identified. These sources are summarised in Table 2.   
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TABLE 2 
CONTAMINANT SOURCES AND AREAS OF POTENTIAL CONCERN 

Source Area of Concern COPCs 

Off-Site Sources 

Former and current land 

uses (e.g. residential 

septic tanks) 

Up-gradient (north of 

the site) 

Heavy metals (Al, As, Cr, Cu, Hg, Ni, Zn), TPH, 

pesticides (DDE), various nutrients (total phosphorus, 

total nitrogen, NH3-N, chloride, sulphate, NOx-N) 

(groundwater) 

Surface drainage piped 

into wetland 

Up-gradient (north and 

south-east of the site) 

Various nutrients (total nitrogen, total phosphorus), 

aluminium, dieldrin (surface water) 

Former landfill site Cross and slightly  

up-gradient (south-east 

boundary of the site) 

Heavy metals (Cd, Cr, Cu, Ni, Pb, Zn), naphthalene, 

dieldrin, various nutrients (total nitrogen, total 

phosphorus, NH3-N, chloride, sulphate, NOx-N) 

(groundwater); heavy metals (Cr) (soil) 

On-Site Non-Point Sources 

Components of naturally 

occurring Guildford 

Formation soils 

Various Chromium (soil) 

Naturally occurring acid 

sulphate soils 

Various areas on-site, 

particularly surrounding 

wetland 

Potential for increased acidity to surrounding soil and 

groundwater 

On-Site Point Sources 

Fill material   Historical placement of 

fill materials across the 

site 

Asbestos, heavy metals (As, Cd, Pb, Zn), 

organochlorine pesticides (dieldrin)  

Former market garden Land use as community 

market garden  

(north-east corner) 

Various nutrients (total nitrogen, total phosphorus, 

ammonia-N, NOx-N), pesticide (DDE) and heavy metals 

(As, Cu, Hg, Ni, Zn) in groundwater; COPCs did not 

exceed criteria in soil    

Proposed temporary 

abstraction well 

North-eastern corner of 

the site 

Heavy metals (Al, As, Cr, Cu, Ni, Zn), various nutrients 

(total phosphorus, ammonia-N, NOx-N), pesticide 

(DDE) in groundwater 
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3.3.1 Off-Site Sources 

Impacted groundwater entering the site may be a result of the current and former land uses of the 
surrounding properties.  Elevated nutrients and heavy metals in groundwater entering the site across 
the northern boundary are likely a result of residential septic tanks or other off-site sources. TPH, 
detected in a single sample along the northern boundary of the site is suspected to originate from an 
off-site source in the near vicinity of the site (Coffey Environments, 2008a). Surface drainage from 
external catchments to the north (across Manning Road) and south-east of the site (across Centenary 
Avenue) discharge into the wetland via drainage pipes, creating another potential off-site source of 
contaminants.  Elevated nutrient levels in groundwater measured along the south-eastern border of the 
site are likely to be associated with the former municipal landfill site.  

3.3.2 On-Site Sources 

Areas of concern on-site include various areas of uncontrolled fill, historically brought on-site to even 
out the surface of the land in certain areas. These regions of uncontrolled fill are a source of asbestos 
and various heavy metals.  Chromium detected at elevated levels in soil at various areas on-site may 
be attributed to the naturally occurring Guildford Formation in the area; however, chromium-impacted 
soil along the south-eastern border of the site is suspected to be a result of the adjacent former landfill. 
The former market garden area (north-east corner of the site) is a potential source of COPCs due to 
historical activities related to the community garden. Finally, acid sulphate soils occur naturally on the 
site and are a potential source of increased acidity and elevated metals in the soil at various areas  
on-site, particularly surrounding the wetland area.  

3.4 Release Mechanisms 

Movement or behaviour of the COPCs within the environment depends on the physio-chemical 
characteristics of the contaminants and of the media in which the COPCs are present. Physical and 
chemical characteristics of surrounding media may also contribute to the transport of COPCs on- and 
off-site. The following potential contaminant transport or release mechanisms were identified:  

 vertical migration of COPCs through dissolution in rainwater and infiltration to the subsurface and 
groundwater;  

 lateral migration of COPCs in groundwater along the down-gradient flow path, into the wetland, and 
the Canning River; 

 dispersion of COPCs in groundwater via abstraction from superficial aquifer for use in on-site 
irrigation and dust suppression;  

 volatilisation of COPCs in soil or open water (i.e. wetland); and 

 atmospheric transport of dust and asbestos fibres via wind currents.  

3.5 Human Health 

3.5.1 Receptors of Concern 

Receptors are defined as persons, structures, and utilities, which are, or may be, adversely affected by 
COPCs. Investigations at the site indicate that previous facilities at the site, including a market garden 
and sports oval, are no longer in use.  The site is considered private property (excluding the foreshore 
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reserve area). An access track is located along the western boundary of the site and the wetland 
comprises the central part of the site.  Potential receptors located on the site, near or down hydraulic 
gradient from the site, with potential for exposure, either directly or indirectly are as follows: 

 On-site recreational visitor (on access track); 

 On-site maintenance workers (during remediation and redevelopment); 

 Off-site recreational visitor (on foreshore); 

 Off-site residents/students; 

 Off-site recreational swimmer; and 

 Off-site recreational angler/fisherman. 

3.5.2 Exposure Pathways 

An exposure pathway is a means by which and ecosystem, human population or individual (receptor) 
may be exposed to site-derived contaminants. Human exposure to chemicals in the environment can 
occur by inhalation, ingestion or dermal contact. Exposure pathways are natural and/or man-made and 
are based on a review of the site geology, hydrogeology, infrastructure and land use.  

If a source, a transport mechanism (pathway) and a receptor are all present, then a complete exposure 
pathway exists. An evaluation of the potential exposure pathways previous to, and during, the site 
remedial works are presented in Tables 3 and 4.  

A schematic of the conceptual site model is included as Figure 7A presenting a general overview of the 
reported and observed impacts. Further discussion of on- and off-site impacts are presented in Sections 
3.5.3 and 3.5.4.  

TABLE 3 
EXPOSURE PATHWAY EVALUATION - SOIL 

Exposure Pathway Receptors Potential for 

Complete 

Pathway1 Source Release 

Mechanism 

Exposure 

Point  

Exposure 

Route 

Fill Material Wind blown dust 

(asbestos fibres) 

during remediation 

works on-site 

Outdoor air  Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE 3 
EXPOSURE PATHWAY EVALUATION - SOIL 

Exposure Pathway Receptors Potential for 

Complete 

Pathway1 Source Release 

Mechanism 

Exposure 

Point  

Exposure 

Route 

Soil and fill 

material exposed 

and transported 

during remedial 

works 

Direct 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Guildford 

Formation 

soils 

Naturally occurring 

metals at depth 

Direct 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Acid Sulphate 

soils 

Disturbance during 

remedial works 

Direct and 

indirect 

contact  

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE 3 
EXPOSURE PATHWAY EVALUATION - SOIL 

Exposure Pathway Receptors Potential for 

Complete 

Pathway1 Source Release 

Mechanism 

Exposure 

Point  

Exposure 

Route 

Former landfill Migration 

(leaching) onto 

site 

Direct 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

1 Includes both current and potential pathways encountered during remedial works at the site. Refer to Sections 
3.5.3 and 3.5.4 for a discussion of the complete and excluded exposure pathways.  

 

TABLE 4 
EXPOSURE PATHWAY EVALUATION - GROUNDWATER 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 
Source Release 

Mechanism 

Exposure 

Point 

Exposure 

Route 

Off-site 

groundwater 

and stormwater 

(entering site 

across northern 

site boundary) 

Off-site 

groundwater 

following natural 

flow direction 

towards 

Canning River; 

stormwater 

drainage into 

wetland 

Direct and 

indirect  

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

 

 



Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 

Coffey Environments 
ENVIPERT00209AA - Dust Management Plan (V9) 
5 November 2009 

17

TABLE 4 
EXPOSURE PATHWAY EVALUATION - GROUNDWATER 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 
Source Release 

Mechanism 

Exposure 

Point 

Exposure 

Route 

Former Landfill 

site 

Vertical 

migration or 

leaching into 

groundwater; 

following natural 

flow direction 

towards 

Canning River 

Direct and 

indirect 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Temporary 

abstraction well 

(north-east 

corner of the 

site) 

Abstracted 

groundwater 

used for land 

and garden 

irrigation and 

dust 

suppression 

Direct and 

indirect 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Acid Sulphate 

soils 

Disturbance 

during remedial 

works causing 

leaching to 

wetland and 

Canning River 

Direct and 

indirect 

contact  

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE 4 
EXPOSURE PATHWAY EVALUATION - GROUNDWATER 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 
Source Release 

Mechanism 

Exposure 

Point 

Exposure 

Route 

Former market 

garden 

Vertical and 

lateral migration 

of groundwater 

from this area 

Direct and 

indirect 

contact  

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

1 Includes both current and potential pathways encountered during remedial works at the site. Refer to Sections 
3.5.3 and 3.5.4 for a discussion of the complete and excluded exposure pathways.  

3.5.3 On-Site Impacts 

An evaluation of the potential exposure pathways (Tables 3 and 4) suggests complete pathways may 
presently exist, or be created during proposed remedial works for on-site visitors and remediation 
workers exposed to soil or groundwater.  

Chrysotile and/or crocidolite asbestos in uncontrolled fill at various locations on the site do not pose a 
health risk when left undisturbed. Asbestos material is not expected to migrate on- or off-site in its 
current state; however, remedial works at the site, including the proposed removal of the uncontrolled 
fill, may work to release dust and asbestos fibres into the air, which then may be carried by off-site by 
wind currents. Inhalation of the disturbed dust and asbestos fibres may pose a health risk to on-site 
maintenance workers and users of the access track on-site, as well as residents and students off-site.  

Maintenance workers may also be exposed to COPCs via dermal contact with both the soil and 
groundwater on-site, as a result of excavation and removal of the geotechnically unsuitable fill material 
and surficial soils.  

Chromium detected at concentrations equal to or slightly greater than the EIL (50mg/kg) in mottled 
sandy clay at various locations on the site is considered to be a result of the naturally occurring 
concentrations in Guildford Formation soils. As there is no evidence of anthropogenic contamination at 
the depths where these samples were encountered and no chromium contamination was identified in 
uncontrolled fill at the site. Given the depth at which the samples were detected (0.5m to 1.5m) and the 
natural properties of the clays, chromium is not expected to impact human health on-site.  

A temporary groundwater abstraction well is scheduled for construction on the north-east corner of the 
site.  Abstracted groundwater is intended for use as irrigation water for the lawns and gardens of the 
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proposed residential development, as well as for dust suppression during redevelopment of the site. 
Groundwater abstracted from the superficial aquifer will be filtered and treated before use and is not 
expected to adversely impact human health.  

Disturbance of acid sulphate soils on-site have the potential to cause impacts to human health through 
the release of acidity into the surrounding environment. In order to manage and minimise the generation 
and release of acidity, an Acid Sulphate Soils Management Plan has been devised and will be followed 
during all remedial works and development at the site.  

3.5.4 Off-Site Impacts 

Groundwater and surface water sampled up hydraulic gradient of the wetland and along the outlet drain 
to the Canning River showed lower concentrations of aluminium, dieldrin and several nutrients (total 
nitrogen and total phosphorous) than the water from the outlet drain. This is considered to be a result of 
elements being absorbed in the sediment and plant matter of the wetland or potentially a result of 
significant dilution effects within the wetland system.  

Bores located slightly down-gradient of the former landfill area had elevated results for nutrients, 
arsenic and zinc. Due to the topography at the boundary of the former landfill site to the south-east, it is 
possible that run-off from the former landfill may flow in a north-westerly direction, and possibly 
introduce some component of north-westerly groundwater flow in this area of the site due to the porous 
nature of the Bassendean Sand.  

Saline ingression is expected to impact the migration and dilution of COPCs in groundwater. Due to the 
proximity of the superficial groundwater system to the Canning River, it is expected to be in hydraulic 
conductivity with the tidal fluctuations occurring in the river. Based on the direction of groundwater flow, 
and as a result of the absorption and dilution effects of the wetland, and the expected dilution of 
groundwater discharged into the Canning River, COPCs in the groundwater on-site are not expected to 
adversely impact any off-site receptors.  

3.6 Ecological 

3.6.1 Receptors of Concern 

Ecological receptors are defined as plants, animals, fungi or biota supporting ecological processes 
associated with a defined area, which are considered to be of significant societal relevance, ecological 
or economic significance, and are, or may be, adversely affected by COPCs.  

Based on investigations at the site, the main habitats are considered to be the wetland, dominated by 
Bulrush and other sedges and occupying one third of the site, grassland surrounding the wetland and 
the Canning River including the adjoining foreshore (ATA, 2001).  

The kidney-shaped wetland is assigned a management category of Resource Enhancement and is an 
Estuary-Peripheral wetland.  Resource Enhancement wetlands are defined as wetlands that have been 
partially modified but still support substantial ecological attributes and functions (Hill et al, 1996).  

Historically, the wetland was used as a water supply for irrigation and water consumption on-site. More 
recent investigations at the site indicate the natural wetland environment has been modified over time 
and does not provide a diverse natural environment.  Currently, the wetland does not provide any 
recreational function, and no evidence exists suggesting it is used as a site for scientific or educational 
resource purposes. The wetland does not appear to serve many significant functions other than as part 
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of a drainage system to the Canning River, in which the presence of reeds contributes to maintaining 
water quality within the wetland and discharge to Canning River (ATA, 2001a).  

There is no open water in the wetland area and the absence of native vegetation around the wetland 
has enabled weed species to become established. Several native and non-native flora species were 
identified at the site; however, no Declared Rare or Priority flora species were recorded during flora 
surveys. The wetland vegetation and its immediate surrounds are of variable condition ranging from 
Completely Degraded to Very Good. Large areas are mapped as Completely Degraded or Degraded to 
Good due to the absence of native species and the dominance of introduced species (ATA, 2001a). No 
native mammals were observed on-site.  

Based on previous environmental surveys and the current conditions of the wetland and Canning River, 
the following lists potential ecological receptors to consider:  

 Frogs (various species); 

 Reptiles (snakes, lizards, long-necked tortoises); 

 Waterbirds (three species); 

 Black Swans; 

 Southern Brown Bandicoot; and 

 Riparian vegetation.  

3.6.2 Exposure Pathways 

An exposure pathway is a means by which an ecosystem, human population or individual (receptor) 
may be exposed to site-derived contaminants. Exposure pathways are natural and/or man-made and 
are based on a review of the site geology, hydrogeology, infrastructure and land use.  

If a source, a transport mechanism (pathway) and a receptor are all present, then a complete exposure 
pathway exists. An evaluation of the potential exposure pathways previous to, and during, the site 
remedial works are presented in Table 5.  
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TABLE 5 
ECOLOGICAL EXPOSURE PATHWAY EVALUATION 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 Source Release Mechanism Exposure Point 

Off-site 

groundwater 

and stormwater 

(entering site 

across northern 

and  

south-eastern 

site boundary) 

Groundwater following 

natural flow direction 

towards Canning River; 

stormwater drainage 

into wetland 

Surface water and 

sediment in 

wetland and 

Canning River 

 Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  

Former Landfill 

site 

Vertical migration or 

leaching into 

groundwater; following 

natural flow direction 

towards Canning River 

Surface water in 

Canning River 

 Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  

Temporary 

abstraction well 

(north-east 

corner of the 

site) 

Abstracted groundwater 

used for land and 

garden irrigation and 

dust suppression 

Infiltration to 

groundwater 

entering the 

wetland and the 

Canning River 

 Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  
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TABLE 5 
ECOLOGICAL EXPOSURE PATHWAY EVALUATION 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 Source Release Mechanism Exposure Point 

Acid Sulphate 

soils 

Disturbance during 

remedial works causing 

leaching to wetland and 

Canning River 

Sediment and soils  Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  

Former market 

garden 

Vertical and lateral 

migration of 

groundwater from this 

area 

Historically 

impacted soil in 

region; Surface 

water in wetland 

and Canning River 

 Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  

Fill material Soil and fill material 

excavation 

Surficial soil  Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  
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TABLE 5 
ECOLOGICAL EXPOSURE PATHWAY EVALUATION 

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 Source Release Mechanism Exposure Point 

Guildford 

Formation soils 

Naturally occurring at 

depth 

Subsurface soil  Frogs  

 Reptiles  

 Waterbirds  

 Black Swans  

 Southern Bandicoot  

 Riparian vegetation  

An evaluation of the potential exposure pathways (Table 5) suggests complete pathways may presently 
exist, or be created during proposed remedial works for ecological receptors.  

Groundwater entering the site from the north or south-east may adversely impact ecological receptors 
reliant on the wetland, the drainage channel or the Canning River as a primary source of food or 
shelter.  The wetland is considered to be a flow through system, with approximately 83% of the total 
current wetland inflow coming from the superficial aquifer (JDA, 2004). Monitoring of the up hydraulic 
gradient groundwater (north of the wetland) and surface water along the drainage channel to the 
Canning River showed lower concentrations of aluminium, dieldrin and several nutrients (total nitrogen 
and total phosphorous) in the drainage channel. This is considered to be a result of elements being 
absorbed in the sediment and plant matter of the wetland or potentially a result of significant dilution 
effects within the wetland system. 

Acid sulphate soils have been identified at various locations nearby the wetland and along the drainage 
channel. Acidity is primarily associated with the black peaty horizons as well as the grey silty sands. 
Although vulnerability of the groundwater to acidification is considered to be low, disturbance of these 
areas has the potential to impact ecological receptors (Coffey Environments, 2008a). In order to 
manage and minimise the generation and release of acidity, an Acid Sulphate Soils Management Plan 
has been devised and will be followed during all remedial works and development at the site.  

Ecological receptors are not expected to be impacted by COPCs in the soil based on the depth and 
limited migration of COPCs in the soil. Any concentration of contaminant in groundwater that has the 
potential to reach the Canning River is expected to be diluted to the extent that it does not pose a risk to 
ecological or environmental health of the river.  

3.7 Future Land Use 

Following remediation, the site is intended for redevelopment as a residential subdivision, Cygnia Cove 
Estate.  Plans for redevelopment include up to 200 residential lots, creation of approximately 8,000m2 of 
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public open space, re-designing the wetland and rehabilitation of the foreshore area. The future land 
uses at the site will be residential and recreational. The residential lots will be on scheme water and 
walking paths, including a boardwalk, will be constructed in the wetland area.  

As the conditions and land uses at the site change, so do the parameters of the CSM. A review of the 
potential remaining sources, future receptors and possible exposure pathways is presented in the 
following sections. Figure 7B provides a schematic of the CSM under future land uses.  

3.7.1 Future Sources and Areas of Concern 

Following remediation and redevelopment of the site, previously identified sources and areas of 
concern may no longer exist. Based on the proposed remediation works and future land uses, an 
overview of potential sources and areas of concern are presented in Table 6.  

TABLE 6 
FUTURE SOURCES AND AREAS OF POTENTIAL CONCERN 

Source Area of Concern Impacted Media  

Off-Site Sources 

Former and current land uses in 

surrounding area 

Up-gradient (across northern 

border of the site) 

Groundwater  

Off-Site Sources 

Former landfill site Cross and slightly up-gradient 

(south eastern border)  

Groundwater 

Surface drainage piped into 

wetland 

Upgradient and slightly cross 

gradient (northern and eastern 

borders of the site)  

Surface water in wetland, drainage 

channel, Canning River  

On-Site Sources 

Guildford Formation soils Various areas at depth Subsurface soil 

Temporary abstraction well North-eastern corner of the site Groundwater and surficial soil 

On-site sources of COPCs will be limited following remediation and redevelopment of the site. Slightly 
elevated concentrations of chromium detected at depth in Guildford Formation soils are considered to 
be naturally occurring and are not expected to pose a risk to human health, due to their inaccessibility. 
The subsurface soils will be beneath the residential lots, or as part of the open public space, are 
unlikely to be disturbed by future residents or visitors to the site.  

Groundwater entering the site from nearby off-site sources may continue to be slightly impacted by 
nutrients and heavy metals. Although the groundwater is considered to be consistent with typical urban 
water quality, mitigation activities and site management plans will be implemented in order to minimise 
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the impact to human health and the environment. The residential development will be on scheme water 
and due to the limiting size of the residential lots, creation of gardens and lawns is expected to be 
minimal. Based on the proposed development, residents are unlikely to access bore water on-site.  

As per the Drainage, Nutrient, Irrigation and Water Quality Management Plan (Coffey  
Environments, 2008), stormwater drainage entering the site will be directed to detention storage areas 
and then slowly permitted to flow through the wetland, allowing sedges to naturally filter the water 
entering the wetland, and subsequently, the Canning River. Stormwater entering the site across the 
south-eastern boundary will be continually monitored to ensure it is not impacting the wetland or the 
Canning River.  

3.7.2 Future Receptors of Concern 

As a residential subdivision and public open space, the receptors of concern and the potential exposure 
pathways on and off-site will be modified. Table 7 presents the potential human receptors and possible 
complete exposure pathways.  Also listed are the relevant site management plans which, once 
implemented, will work to mitigate or eliminate the risk of exposure to contaminants for humans and the 
environment on, or near, the site. 

TABLE 7 
HUMAN EXPOSURE PATHWAY MANAGEMENT AND ASSESSMENT 

Exposure Pathway 
Complete 

Pathway1 

Associated 

Management Plan(s) 
Source Release Mechanism Potential Receptors 

Off-site 

groundwater 

and stormwater 

(entering site 

across northern 

and  

south-eastern 

site boundary) 

Off-site groundwater 

following natural flow 

direction towards 

Canning River; 

stormwater drainage 

into wetland 

 Subdivision residents  » Wetland Management     

Plan 

» Drainage, Nutrient, 

Irrigation and Water 

Quality Management 

Plan 

» Baseline and 

Groundwater Monitoring 

and Management Plan 

 Recreational visitor  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE 7 
HUMAN EXPOSURE PATHWAY MANAGEMENT AND ASSESSMENT 

Exposure Pathway 
Complete 

Pathway1 

Associated 

Management Plan(s) 
Source Release Mechanism Potential Receptors 

Former landfill 

site 

Vertical migration or 

leaching into 

groundwater; 

following natural flow 

direction towards 

Canning River 

 Subdivision residents  » Wetland Management     

Plan 

» Drainage, Nutrient, 

Irrigation and Water 

Quality Management 

Plan 

» Baseline and 

Groundwater Monitoring 

and Management Plan 

 Recreational visitor  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Temporary 

abstraction well 

(north-east 

corner of the 

site) 

Abstracted 

groundwater used for 

land and garden 

irrigation  

 Subdivision residents  » Contaminated Sites 

Reporting Guideline for 

Chemicals in 

Groundwater 

(DoH, 2006) 

 Recreational visitor  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Guildford 

Formation soils 

Naturally occurring 

metals (chromium) at 

depth 

 Subdivision residents  Not applicable 

 Recreational visitor  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

1 Under final site conditions and land uses, following implementation of management plans and mitigating 
activities.  
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Ecological receptors on-site will not change instantly with redevelopment of the site; however, it is 
anticipated that the functioning of the wetland and the quality of the habitat will improve, leading to 
increased use and inhabitation by ecological receptors.  

3.8 Conclusions 

As recommended by the DEC (2006), a conceptual site model is a critical component of the 
assessment of a contaminated site and should be created in order to identify the sources and receptors 
with the potential to be adversely impacted by exposure to contaminants at a site.  

Contaminant sources and complete exposure pathways for humans and the environment have been 
identified at the site. Mitigation and management of these potential risks are addressed by a suite of 
management plans related to the remediation, redevelopment and final land uses.  

It should be noted that this conceptual site model aims to satisfy Commitment number 6 in Schedule 2 
of Ministerial Statement No. 692 requiring a determination of the nature and extent of any soil or 
groundwater contamination present within the site which may pose a risk to human health or the 
environment.  
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4 REMEDIATION OPTIONS  

4.1 Remediation Hierarchy 

The remediation hierarchy adopted by the DEC is based on the approach to remediation and 
management outlined in the ANZECC/NHMRC Guidelines for the Assessment and Management of 
Contaminated Sites in Australia and New Zealand (1992) and the EPA Guidance Statement for 
Remediation Hierarchy for Contaminated Land (No. 17, July 2000).  

The ANZECC Guidelines provide a preferred hierarchy of options for site clean-up and/or management 
which are as follows: 

 on-site treatment of the contamination so that it is destroyed and the associated risk is reduced to an 
acceptable level; and 

 off-site treatment of excavated soil, so that the contamination is destroyed or the associated hazard 
is reduced to an acceptable level, after which the soil is returned to site.   

If the above cannot be implemented then other options that should be considered include: 

 removal of contaminated soil to an approved facility, followed, where necessary, by replacement 
with appropriate material; or  

 consolidation and isolation of the soil on-site by containment with a properly designed barrier. 

If remediation is likely to cause a greater adverse effect than would occur if left undisturbed then 
remediation should not proceed.  In cases where it is not viable to remediate large quantities of soil with 
low levels of contamination alternative strategies might need to be considered or developed.  The 
appropriateness of any particular option will vary depending on a range of local factors. 

4.2 Remediation Option Review 

There are a range of different management options and remediation approaches/technologies that are 
available for contaminated sites.  Some of these remediation technologies are proven while others have 
not yet been successfully implemented, particularly in Australia and/or there is limited local expertise for 
implementation. 

The remedial requirements for the site relate to the presence of asbestos, metals (arsenic, cadmium, 
lead, zinc) and an organochlorine pesticide (dieldrin) contaminated soils identified within uncontrolled 
fill. It is noted that the uncontrolled fill material is not suitable to be retained on-site from a geotechnical 
perspective.  

The available soil remediation methods and technologies applicable to ACM from the Guidelines for the 
Assessment, Remediation and Management of Asbestos Contaminated Sites in Western Australia 
(DoH, 2009) indicated the following potential options as outlined in Table 8 below. These options are 
also considered applicable to the localised heavy metal and pesticide contamination also identified in 
soils.  
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TABLE 8 
COMPARISON OF REMEDIAL OPTIONS   

Management Options Description 

Management in-situ Management in-situ comprises providing a barrier (a cap) preventing or reducing 

the contact between site users and the contaminated soil.  This SMP needs to 

ensure the integrity of the cap is maintained and that any work penetrating the 

cap is undertaken in accordance with adequate health and safety measures and 

environmental controls. 

Treatment on-site Treatment on-site involves hand picking, tilling or screening the soil for ACM. 

On-site treatment of metals and dieldrin are not considered feasible owing to the 

localised occurrence and marginally elevated concentrations recorded.  

Excavation and on-site burial Excavation and on-site burial involves the excavation of fully delineated 

contaminated areas and re-burial in another section of the site (commonly 

referred to as on-site encapsulation).  An Asbestos and Contamination 

Management Plan would be required for the containment system.  

Excavation and removal off-site Excavation and removal off-site requires the contaminated soil to be excavated 

and disposed of at a licensed landfill following waste controls in order to reduce 

the risk from transport.   

A comparison of the options is provided in Table 9 below.   

TABLE 9 
ADVANTAGES AND DISADVANTAGES OF REMEDIAL OPTIONS  

Option Advantages Disadvantages 

Management in-situ Minimal soil disturbance and therefore 

minimal dust generation. 

Less risk from transport of contaminated 

materials. 

Minimisation of the amount of sampling 

necessary. 

Lower initial costs. 

Restrictions on land use and a 

Memorial on Title (MOT). 

Restrictions on-site excavations. 

Requirement for ongoing maintenance 

of cap. 

Requirement for ongoing management 

plan. 

Level of the site to be raised.  
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TABLE 9 
ADVANTAGES AND DISADVANTAGES OF REMEDIAL OPTIONS  

Option Advantages Disadvantages 

Treatment on-site (hand 

picking, tilling or screening) 

No requirement for ongoing management 

plan. 

No requirement for ongoing maintenance 

of cap. 

A MOT is not required. 

No further restriction of land use. 

Minimise the amount of validation 

sampling required. 

Some risk of dust generation.  

Only applicable where ACM is in 

surface soils.  

Only applicable where ACM is well 

delineated.  

Only applicable where contamination 

includes a very small quantity of 

asbestos free fibres. 

Excavation and on-site 

burial 

Less risk from transport of contaminated 

materials. 

No contaminated material going to landfill. 

Some risk of dust generation.  

Restrictions on land use and a MOT. 

Requirement for ongoing maintenance 

of cap. 

Requirement for ongoing management 

plan. 

Excavation and removal 

off-site 

No further restriction of land use. 

Reduced time delay for implementation. 

No requirement for ongoing management 

plan. 

In most cases a MOT is not required. 

No requirement for ongoing maintenance 

of cap. 

Cost of disposal to landfill. 

Some risk of dust generation.  

Some risk from transport of materials. 

Use of valuable landfill space. 

4.3 Rationale for Selection of Preferred Remedial Strategy  

Insitu management of contaminated soil is not considered a suitable strategy as there would be a 
requirement to effectively manage the ongoing health risk and the following limitations also apply:  

 management difficulties in ensuring long term implementation of the SMP; and  

 the site would be identified as ‘remediated - restricted use’ (asbestos being the contaminant) upon 
the DEC Contaminated Sites Register indefinitely with property memorials placed upon individual 
Certificates of Title(s). 
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It is generally understood that ACM in ‘good’ condition is generally low risk hazardous material but 
requires specialised handling and disposal. The excavation and removal of the asbestos and chemical 
impacted materials to an appropriately licensed landfill facility will address the ongoing risk. In addition, 
the contamination is located within uncontrolled fill that is deemed unsuitable for retention on-site from a 
geotechnical perspective. On the basis that suitable management strategies will be implemented, 
excavation and off-site disposal is considered the most appropriate remedial option for the site.  
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5 MANAGEMENT STRATEGIES 

The following text has been written in a manner suitable for use in tender documentation and includes 
the following terms: 

Principal 
Trustees of the Christian Brothers in Western 

Australia Incorporated. 

Civil Works Contractor 
Civil earthworks contractor appointed by Trustees of 

the Christian Brothers. 

Principal’s Environmental Consultant 
Environmental consultant appointed by Trustees of 

the Christian Brothers. 

Superintendent 
Superintendent appointed by Trustees of the Christian 

Brothers. 

The following management strategy has been developed by Coffey Environments for application at the 
Cygnia Cove development site.  The Civil Works Contractor will be responsible for ensuring that all 
management measures outlined in the management plan (or as agreed otherwise) are adhered to for 
the duration of their contract. It should be noted that the contractors operational plan will be subject to 
review and approval b the Environmental Consultant to ensure that it meets the requirements of the 
DAMP prior to the commencement of works.  

5.1 Site Access 

The site is bounded to the north by Manning Road, to the east by Centenary Avenue, to the south by 
foreshore reserve, and to the west by the Clontarf Aboriginal Education and Training College.  In order 
to limit access to the site during site works, fencing will be placed around the perimeter of the site. 

5.2 Services 

A Dial Before You Dig database search was conducted in May 2006 (reference no. 200511-6279).  The 
resulting information has been included in Appendix C.  Please note that fibre optic cables were 
identified within the site near its north-west corner; other infrastructure items appear to be generally 
adjacent Manning Road and Centenary Avenue. 

It is the responsibility of the Civil Works Contractor to ensure that services information is up to date prior 
to the commencement of earthworks, and to take appropriate actions to ensure that infrastructure is not 
inadvertently damaged during site works.  

5.3 Asbestos Management 

Asbestos cement products were commonly manufactured in WA from 1921 to 1987.  Generally, 
undisturbed asbestos cement products do not pose a health risk, as the fibres are bound together in a 
solid cement matrix.  However, if the material is damaged or disturbed, fibres may be released into the 
air, and the potential exists for workers and/or nearby residents to inhale them. 

Asbestos is a known carcinogen.  A nation-wide ban on all new uses of asbestos and asbestos 
containing materials came into effect on 31 December 2003 (NOHSC, 2005a).  The inhalation of 
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asbestos fibres can result in bronchial carcinoma, mesothelioma, lung cancers and fibrosis of the lungs 
(NOHSC, 2005a). 

Accordingly, exposure should be prevented.  The national exposure standard (NES) of 0.1 fibres/mL 
should never be exceeded, and control measures should be reassessed whenever air monitoring 
indicates the ‘control level’ of. 0.01 fibres/mL has been reached (NOHSC, 2005b).  

5.3.1 Overview 

It is firstly noted that all identified and unidentified uncontrolled fill material across the site is deemed 
geotechnically unsuitable to be retained on-site and as such will be excavated and removed as waste 
material. Asbestos fibres have been identified at four localised locations (refer Section 2.3.2.3) within 
the areas of uncontrolled fill material (see Figure 5 and Figure 6), however, previous geotechnical 
investigations at the site a suggest that asbestos cement products are likely to be distributed throughout 
the areas of uncontrolled fill as identified on Figure 5 and Figure 6.  Consequently, all areas identified 
as containing uncontrolled fill will be treated as potentially containing asbestos material.  In addition, it is 
acknowledged that there is the potential for asbestos-containing material (such as cement sheeting 
fragments or cement pipes) to be encountered outside identified areas of uncontrolled fill, during 
general site works. All asbestos encountered will be excavated and segregated from the remainder of 
the material and areas will be clearly identified by signage so that it can be managed according to the 
procedures outlined in the following section. 

In order to minimise the potential for the release of asbestos fibres from the exposure and removal of 
any asbestos containing material encountered, strict compliance will be maintained with the procedures 
outlined in Section 5 for the possible scenarios i.e. where asbestos fibres have been detected in soil, 
where uncontrolled fill that is potentially affected by ACM is to be excavated and where discrete 
quantities of ACM (e.g. sheet or pipe) are unexpectedly encountered.   

5.3.2 Precautionary Measures 

As a precautionary measure, the following actions will be undertaken: 

 The proposed remediation areas (associated with uncontrolled fill, chemicals contaminants and 
identified asbestos fibres) outlined in Figure 6 will be located and marked prior to the 
commencement of remediation works at the site, to ensure that contaminated soil, fill and ACM is 
managed separately from soil excavated as part of general cut to fill requirements; 

 Areas with a potential for asbestos (i.e. all areas of uncontrolled fill) will be identified to the Civil 
Works Contractor; 

 Surface soil removal will extend initially 10m from the areas defined as containing uncontrolled fill to 
account for any variation in the notional boundary of these areas (Figure 6).  The remedial 
excavation will be extended as necessary based on a visual inspection undertaken by the 
Supervising Engineer and Environmental Consultant;  

 Excavations in potential asbestos containing areas will be visually inspected by the Civil Works 
Contractor and advice sought from the Environmental Supervisor to confirm status and 
management; 

 All workers (including new employees/contractors who commence working on-site following 
commencement of remedial works) will undergo a site induction that informs them of the dangers of 
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asbestos, how to recognise asbestos products and the procedures to follow should asbestos 
products be uncovered.  The contractor will also undertake ongoing refreshment and reinforcement 
of this training at site meetings and toolbox meetings; 

 Asbestos fibre monitoring will be conducted in areas of the site which may potentially contain 
asbestos products (refer Section 6.5); and 

 Procedures to minimise dust emissions will be employed (as outlined in Section 5.4).  

5.3.3 Security, Signs and Barriers 

When asbestos containing materials are being removed, signs and barriers will be erected to warn of 
the danger and to prevent unauthorised people entering.  The asbestos removal working area is to be 
clearly defined and all barriers and warning signs should remain in place until removal is complete. The 
location and extent of any access control areas will be agreed in discussion between the Contractor, the 
Supervising Engineer and the Environmental Consultant and will be established in accordance with 
NOHSC:2002 (2005) Code of Practice for the Safe Removal of Asbestos (2nd Ed) guidelines. The extent 
of controlled areas will be set with the objective of preventing unacceptable exposures to personnel 
working in other areas of the site while maintaining the operational efficiency of the overall site.   

Potential entry points to the asbestos work area should be signposted or labelled in accordance with  
AS 1319 (1994) Safety Signs for the Occupational Environment and NOHSC:2002 (2005).  

Any waste bags, skips, or vehicle trays used to store and/or transport potentially asbestos containing 
material should be appropriately labelled advising handlers of the nature of the contents.  Transport of 
asbestos must be undertaken in accordance with the Environmental Protection (Controlled Waste) 
Regulations 2004. 

5.3.4 Personal Protective Equipment 

Only personnel with appropriate personal protective equipment (PPE) and training will be allowed to 
work inside the asbestos work area.  The minimum protective equipment worn for personnel will be 
disposable overalls and a personal air-purifying respirator.  The filter type within the respirator should be 
Class P1 or P2, as stipulated in the Code of Practice for the Safe Removal of Asbestos (NOHSC, 2nd 
Edition, 2005a). 

5.3.5 Strategy for Excavation of Uncontrolled Fill and Areas of Soil Known of Potentially 
Affected by Asbestos 

Uncontrolled fill covers an area of approximately 17,000m2, and varies in thickness from 0.1m to 1.5m.  
It is proposed to excavate all areas of uncontrolled fill, as this material is not considered geotechnically 
suitable for the proposed development. All known areas of uncontrolled fill material, chemically 
contaminated soil and asbestos (as identified on Figures 5 and 6) will be marked out to ensure that the 
material is managed separately from soil excavated as part of general cut to fill requirements. The 
approximate extent of uncontrolled fill is presented on Figure 6.  

As indicated in section 5.3.1, all known areas of uncontrolled fill are suspected of containing ACM and 
will be disposed of as asbestos contaminated waste. With respect to remedial excavations associated 
with uncontrolled fill material, it is proposed to over-excavate 10m laterally beyond the boundary of 
identified fill material. The remedial excavations will vertically extend 0.30m below the maximum extent 
of asbestos in that grid/location in accordance with DoH Guidelines (DoH, 2009). The proposed area of 
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excavation has been based on information contained within previous investigations, however a 10m 
buffer has been allowed for on the basis that the actual extent of the fill material may deviate slightly. 
On completion of the remedial excavation to the proposed boundary, the Environmental Consultant and 
Supervising Engineer will inspect the base and sides of the excavation to verify that all uncontrolled fill 
and ACM has been removed. The remedial excavation will be extended should any fill material or ACM 
be identified.  

5.3.6 Validation Sampling 

The floors and walls of excavations completed for the purpose of asbestos remediation within areas of 
uncontrolled fill will be validated. This validation will be completed in accordance with the 
recommendations contained within the DoH Guidelines for the Assessment, Remediation and 
Management of Asbestos-Contaminated Sites in Western Australia (May, 2009) and will comprise one 
sample from each wall per 5m length of strata of interest (or per 1m depth). Floors will be visually 
inspected and if suspect will be sampled at twice the minimum density outlined in the Department of 
Environment and Conservation (DEC) Contaminated Sites Management Series1.  

The Civil Works Contractor will liaise with the Superintendent and/or Principal’s Environmental 
Consultant to arrange for testing of the excavated remediation areas prior to backfilling the excavations.  
Validation testing will be undertaken by the Principal’s Environmental Consultant. The Civil Works 
Contractor will allow for a period of up to three weeks between notifying the Superintendent and/or 
Principal’s Environmental Consultant and receiving the validation testing results and/or disposal advice, 
although every endeavour will be made to turn validation results around more quickly.  Additional time 
will be required if initial validation samples fail to meet the criteria.  To summarise, validating the 
remedial works will involve the following: 

 Recover samples from remediation excavations; 

 Perform analytical testing on validation samples; 

 Assess against applicable criteria; 

 Remove any soil found to contain contaminant levels above the response levels; and 

 Retest or re-validate those locations where contamination is removed. 

Remediated areas will be backfilled following written advice from the Superintendent or Principal’s 
Environmental Consultant that the validation testing results are acceptable. Further details are provided 
in Section 5.3.11.  

                                                     

1 Department of Environment and Conservation (DEC) Contaminated Sites Management Series, Government of 

Western Australia, Perth: Assessment Level for Soil, Sediment and Water (DoE, 2003); Community Consultation 

(DEC, 2006a); Development of Sampling and Analysis Programs (DEP, 2001); Reporting of Site Assessments 

(2001); The Use of Risk Assessment in Contaminated Sites Assessment and Management - Guidance on the 

Overall Approach (DEC, 2006b).  
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5.3.7 Contingency Response  

Asbestos fibres in soil have only been positively identified at four locations; however, previous 
geotechnical investigations at the site suggest that asbestos cement products are distributed throughout 
the areas of uncontrolled fill (Figure 5 and 6).  As such, all areas identified as containing uncontrolled fill 
will be treated as potential asbestos-containing material. Where asbestos-containing material  
(such as cement sheeting fragments or cement pipes) is identified in non-uncontrolled fill areas during 
site works, it will be excavated and segregated from the remainder of the material. Where isolated 
fragments of asbestos containing material are identified, the asbestos containing material will be 
handpicked by personnel with an appropriate level of Personal Protective Equipment and placed in 
suitable heavy duty plastic bags prior to off-site disposal. Where more extensive contamination is 
observed, the affected soil will be excavated and segregated from the remainder of the uncontrolled fill 
so that it can be managed appropriately, adhering to the procedures outlined in Sections 5.3.5 and 
5.3.6. The soil or fill remaining after removal of the asbestos outside known areas of contamination / 
uncontrolled can then be handled as though it is not affected by asbestos.  

5.3.7.1 Stockpile Contingency Measures  

The following contingency measures will be put in place should stockpiling of contaminated soils be 
required.  

 In order to reduce potential impacts of stockpiles on surface water quality, all stockpiles will be 
placed at least 30m from surface water.   

 All stockpiles will be bunded to contain soil or surface run-off. Material used for bunding will be 
incorporated into the stockpile prior to off-site disposal.  

 Any stockpiles of asbestos contaminated soil will be maintained under moist conditions and remain 
covered with tarpaulins at all times. 

 Stockpiled material will be disposed of off-site in accordance with the Landfill Waste Classification 
and Waste Definitions 1996 (DoE, 2005).  

 In order to confirm that all contaminated soil has been removed, validation sampling beneath 'small' 
stockpiles (<20m3) will comprise one composite sample analysed for asbestos. Validation sampling 
beneath stockpiles of greater volume will be dictated by the footprint area of the stockpile and 
sampled in accordance with DEC guidelines using systematic grid sampling strategy for asbestos. 

 Validation samples from beneath stockpiles will be analysed for asbestos and compared against the 
nominated validation criteria as outlined in the Site Contamination Investigation, Remediation and 
Validation Management Plan (Coffey Environments, 2009).    

5.3.8 Procedures for Controlling Exposed Asbestos Products 

Where asbestos products such as cement sheeting fragments or piping are visibly encountered during 
remedial activities and bulk earthworks, the asbestos must be removed in accordance with Worksafe 
WA and the Code of Practice for the Safe Removal of Asbestos (NOHSC, 2nd Edition, 2005a).  
Asbestos containing material will be excavated and segregated from the remainder of the material so 
that it can be managed appropriately. 
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The following measures are to be undertaken to prevent the release of asbestos fibres: 

1. Where staff identify ACM or suspected ACM, the Site Manager should be immediately informed so 
that appropriate management controls can be implemented.  The Site Manager will be responsible 
for logging the location where the material was found and the management response that was 
implemented. 

2. All suspected contaminated material should be saturated and maintained in a wet condition prior to 
disturbance and/or removal.  Large volumes of water applied at low pressure minimises the 
generation of dust from water droplets.  If available, a wetting agent should be added to the water as 
this facilitates more rapid wetting of the asbestos containing material. 

3. In no circumstances will high-speed abrasive power or pneumatic tools such as angle grinders, 
sanders, saws and high speed drills be used in the removal of suspected asbestos containing 
material.  If cement piping suspected to contain asbestos is uncovered, and tools are required to be 
used for its extraction and removal, low-speed battery powered drills used in conjunction with wet 
methods for dust control are preferred.  All tools are to be decontaminated prior to removal from site. 

4. Battery-powered tools should be fitted with a local exhaust ventilation (LEV) dust control hood 
wherever other dust control methods (e.g. use of wet removal methods) are determined to be 
unsuitable (NOHSC, 2005a). 

5. In the instance of surface soil removal which has been recommended to be conducted in a radius 
extending 10m from all areas identified as containing uncontrolled fill (Figure 6), the soil will be 
loaded directly into tip trucks for off-site disposal. 

6. Trucks transporting ACM off-site will be covered with well maintained and tight fitting tarpaulins to 
prevent drying of the soil or dust lift-off from the soil during transport. 

7. Any asbestos sheet fragments identified during uncontrolled fill removal or in subsequent works will 
be placed by hand into heavy duty 200µm (minimum thickness) polythene bags that are no more 
than 1,200mm and 900mm wide for ease of handling.  The bags should be labelled with an 
appropriate warning, clearly stating that they contain asbestos and that dust creation and inhalation 
should be avoided.  Earthmoving equipment will be operated so as to minimise ground disturbance, 
dust generation and asbestos breakage.  Material will be sprayed with low pressure water as it is 
loaded into the bags, which in turn should be placed into leak proof containers. 

8. A decontamination facility will be provided for personnel in direct contact with asbestos to ensure 
safe removal of their PPE. 

9. Used disposable coveralls and masks are to be removed prior to exiting the site and placed in bags 
for disposal along with the other asbestos waste.  

10. Asbestos fibres in the air will be continuously monitored whilst the areas identified in Figure 6 are 
being remediated. 

5.3.9 Asbestos Waste Collection and Disposal  

Uncontrolled waste containing minor quantities or fragments of ACM will be wetted down prior to 
loading into trucks which will then be covered (e.g. tarpaulins) prior to leaving the site to prevent dust 
emissions whilst in transit.  Trucks will be washed down prior to leaving the site in a designated 
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washdown area.  (Note: any significant quantities of ACM will be handled as described in  
Section 5.3). 

Transport and final disposal of asbestos containing material shall be carried out in accordance with the 
Occupational Safety and Health Regulations 1996 and the Code of Practice for the Management and 
Control of Asbestos in Workplaces (NOHSC, 2005b) and the Environmental Protection (Controlled 
Waste) Regulations 2004.  

Asbestos containing materials removed from the site will be disposed of to a landfill licensed to accept 
asbestos waste in accordance with the Landfill Waste Classifications and Waste Definitions  
(DoE, 2005).  Under the Landfill Waste Classifications and Waste Definitions (DoE, 2005), asbestos 
containing materials, including cement sheeting and/or fibres is classed as a Type 1 Special Waste.  

The responsibilities of the waste producers, transporters and operators of disposal sites are outlined in 
the Environmental Protection (Controlled Waste) Regulations 2004.  The transportation and disposal of 
any waste materials containing asbestos is controlled by the DEC.  Under the Environmental Protection 
(Controlled Waste) Regulations 2004, the contractor responsible for transportation of asbestos 
containing material must be licensed to undertake such activities.  Asbestos may only be disposed of at 
a site approved by the DEC. 

Material will only be transported off-site once approval has been provided by the landfill operator, with 
copies of all tip dockets for material disposed of to landfill to be provided to the Superintendent and/or 
Principal’s Environmental Consultant as per the Site Contamination Investigation, Remediation and 
Validation Management Plan (Coffey Environments, 2009). 

5.3.10 Decontamination 

Decontamination must include the asbestos work area as identified in Section 5.3, all tools and 
equipment utilised and personal decontamination.  All contaminated materials, including cleaning rags, 
plastic sheeting and PPE etc, must be disposed of as asbestos waste (NOHSC, 2005a).  The following 
procedures have been written utilising the decontamination procedures outlined in the Code of Practice 
for the Safe Removal of Asbestos (NOHSC, 2nd Edition, 2005a). 

Tools and Equipment 

At the end of removal work, all tools should be decontaminated in the following manner: 

 Decontaminated using wet or dry decontamination methods as outlined in the NOHSC Code of 
Practice for the Safe Removal of Asbestos (2nd Edition, 2005a) (i.e. fully dismantled and cleaned 
under controlled conditions); or 

 Placed in sealed containers (and used only for asbestos removal work); or 

 Disposed of as asbestos waste. 

If tools cannot be decontaminated within the asbestos work area, or are to be re-used on another 
project, they should be tagged to indicate possible contamination and double bagged in asbestos waste 
bags before being removed from the asbestos work area. 
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Personal Decontamination 

Personal decontamination must be undertaken each time employees leave the asbestos work area 
(NOHSC, 2005a).  This should occur within the asbestos work area so as to not transport material  
off-site, but should be located within an area where re-contamination is minimised. 

Throughout the asbestos removal process, asbestos contaminated PPE should not be transported 
outside the asbestos work area except for disposal purposes. 

Before work clothes and footwear worn during asbestos work are removed from the work area, they 
should be thoroughly vacuumed with an asbestos vacuum cleaner to remove any asbestos fibres, and 
footwear should be wet wiped. 

Personal respiratory protective equipment should continue to be worn until all contaminated disposable 
coveralls and clothing has been vacuumed and/or removed and bagged for disposal; and personal 
washing completed. 

Vehicle Decontamination 

To prevent the spread of contaminated material back into remediated areas, a vehicle washdown area 
will be provided on the exit route from contaminated areas to remove any soil adhering to vehicle tyres 
and undercarriage.  If required, vehicles leaving the contaminated zone will be cleaned by low pressure 
water sprays and brushing where necessary.  Any sediments which accumulate in the washdown area 
will be considered waste and will be disposed of off-site to landfill after sampling and analyses to 
determine contaminant levels. Any wastewater from the washing process will either be disposed of  
off-site in accordance with the Environmental Protection (Controlled Waste) Regulations 2004 or 
directed to a lined evaporation dam. 

5.3.11 Strategy for Management of Fill 

It will be necessary to backfill areas where contaminated or geotechnically unsuitable soil has been 
removed (following validation sampling, as required).  In addition, it may be necessary to add fill to 
areas where the existing elevations need to be raised to achieve finished levels.  If sufficient suitable 
material is not available within the site, it will be necessary to import material from off-site.   

If material is imported from off-site, it will be the responsibility of the Civil Works Contractor to ensure 
that the material comprises “clean fill”, defined as follows: 

‘Material that will have no harmful effects on the environment and which consists of rocks 
or soil arising from the excavation of undisturbed material.  For material not from a clean 
undisturbed excavation, it must be validated to have contaminants below the relevant 
human health and ecological investigation levels’ (as defined in the document Assessment 
Levels for Soil, Sediment and Water, DoE, 2003). 

The Principal’s Environmental Consultant will undertake one or more of the following steps to confirm 
that the material is clean fill:  

1. Request a letter from the sand supplier stating the source of the material and the quantity supplied;  

2. Visually inspect material delivered to the site periodically to assess if it has visual indications 
suggesting contamination; and  

3. Collect a limited number of samples for analysis.  
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5.4 Dust Management 

5.4.1 Overview 

Impacts on air quality as a result of site works are a function of many factors including, but not limited 
to, the following: 

 Time of year, which determines the moisture content of the soil and thus dust emission potential; 

 The prevailing weather conditions, particularly temperature and wind speed; 

 Magnitude or the size of the earthworks; 

 Rate at which the earthworks are undertaken; 

 Proximity of residents or sensitive receptors to the works; and 

 The effectiveness of dust management controls. 

Dust management procedures will vary according to the separate stages of development and the 
operations being conducted at the time. 

Remediation works are expected to be completed over a three to four month period, with the 
commencement date dependent on the granting of environmental approvals. It is noted however, that 
the remediation schedule is dependent on the contractors work programme, which will be subject to 
ongoing review and approval by the Environmental Consultant.  

The majority of the site is currently covered with some form of vegetative cover and this will bind the 
surface of the soil and act to lessen the potential problem of dust for surrounding residences.  The 
nearest residential premises are located approximately 50m to the east of the site along the eastern 
boundary of Centenary Avenue, with other residences being located approximately 50m to the  
north-east of Manning Road.  Clontarf College is located on the western boundary of the development 
site.  The majority of soil to be remediated is located in the south-west portion of the site and as a 
result, separation distances between the remediation operations and sensitive land uses is larger than 
the distances stated above.  Nearest residences along Centenary Avenue are in excess of 200m from 
the remediation area, and residences along Manning Road are greater than 120m from the remediation 
area. 

Bureau of Meteorology (2006) data for the Perth Metro station is considered relevant to the weather 
patterns experienced at the site and is presented in Appendix E.   

Spring and summer are the windiest months of the year in Perth.  Additional attention must be given to 
control of dust generation during these periods, Summer also coincides with higher rates of 
evaporation, so increased water application over disturbed areas, or reduced earthmoving activities 
may need to be considered on days where excavated material is drying out quicker than water can be 
applied. 

Seasonal wind patterns indicate that winds in the afternoons (3pm) are dominated by west to  
south-westerly winds in all seasons, being at their strongest during spring and summer, whilst mornings 
(9am) are predominantly east to north-easterlies, again at their strongest during the spring and summer 
months (Appendix E). 
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Dust may be created during construction due to vehicular movement on unsealed roads and ground 
disturbing construction activities.  As the majority of the disturbed areas of the site will be landscaped 
and paved following construction, significant dust generation post construction is unlikely. 

Dust management will comprise wind fencing, surface stabilisation, and the use of dust suppression in 
the form of water trucks and sprinklers.  Dust suppression binding agents may be used to enhance the 
dust suppression effectiveness of water sprays.  

Windscreens will be constructed as required on the boundaries of earthworks areas where they have an 
interface with adjacent land users.  This may include the Manning Road boundary, Centenary Avenue 
boundary, and the western boundary which backs onto Clontarf Aboriginal Education and Training 
College.  The wind fences act to reduce wind velocities over areas and thereby reduce dust lift-off.  This 
is particularly important given the proximity to Manning Road, and the need to ensure visibility to road 
users is maintained.  The windscreens will be constructed of shade cloth or Hessian on a 1.8m high 
security fence.  This will also act as a visual screen to the remedial and construction earthworks. 

Clean fill imported onto the site will be sufficiently damp to prevent dust emissions during transportation 
to site and tipping.  The moisture content of the fill being brought onto site will be inspected periodically 
by the Civil Works Contractor and if found to be too dry, it will be wetted down using a water cart. 

It is recommended that a Site Classification Assessment Chart (Appendix D) is completed for each 
stage of development by the Civil Works Contractor.  The Site Classification Assessment Chart 
provides a process for determining a site’s potential for dust generation and presents dust management 
procedures which should be adopted for each Site Classification rating.  These procedures are also 
included within Appendix D. 

5.4.2 Earthworks 

Dust control measures will conform with DEP Guidelines (DEP, 1996).  This will involve the following 
measures: 

 Earthworks will be undertaken in stages to avoid the creation of large areas of disturbance which 
represent a source of dust emissions. 

 Wind fencing will be used as required as described previously. 

 Water carts will be available with a total storage capacity of 10,000L per 7.5ha of disturbed site.  
This equates to at least three trucks with a total of 30,000L available. 

 Watering will be conducted using water trucks and impulse sprinklers may also be considered as 
required.  Watering will be conducted at the following areas. 

 Sites undergoing excavations.  In areas being remediated, the application of water will be controlled 
to prevent ponding or run-off occurring. 

 Uncovered, short-term stockpiles. 

 On all internal access tracks and machinery storage areas. 

 Long-term stockpiles or large exposed areas that will remain open for extended periods will be hydro 
mulched.  Hydro mulch or soil stabilisers such as Dust-Tex will also be used as required to stabilise 
areas that may be emitting excessive dust in strong winds or during extended periods of hot dry 
weather. 
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 Regular maintenance checks of dust suppression equipment will be conducted to ensure effective 
operation.  

5.4.3 Internal Access Tracks 

Internal access tracks will be hard surfaced at the earliest possible stage and appropriate speed limits 
will be imposed to reduce dust generation. 

Trucks and roads will be wetted down and fine water sprays will be applied to minimise dust generation 
in transport areas.  Application of a fine water spray will prevent water run-off from occurring in these 
areas.  Water will be applied to the access tracks in the morning prior to each day or activity.  Additional 
water will be applied to the tracks as required throughout the day. 

To prevent the spread of contaminated material back into remediated areas, a vehicle washdown area 
will be provided on the exit route from contaminated areas to remove any soil adhering to vehicle tyres 
and undercarriage.  If required, vehicles leaving the contaminated zone will be cleaned by a low 
pressure water spray.  Any sediments which accumulate in the washdown area will be considered 
waste and after sampling and analyses to determine contaminant levels will be disposed of off-site to 
landfill. 

5.4.4 Off-Site Transport of Waste 

Waste fill will be disposed of off-site.  Any material that is carted off-site will be transported along the 
major arterial road network, including Manning Road, Canning Highway, the Kwinana Freeway etc. 

To prevent the spread of contaminated material onto the public road system, all loads will be below 
tare, thoroughly wetted, covered with tarpaulins and fitted with tight tailgates.  As discussed in  
Section 5.3.10, a vehicle wash-down area will be provided on the exit route from contaminated areas to 
remove any soil adhering to vehicle tyres and undercarriage.  If required, vehicles leaving the 
contaminated zone will be cleaned by a low pressure water spray. 

The responsibilities of the waste producers, transporters and operators of disposal sites are outlined in 
the Environmental Protection (Controlled Waste) Regulations 2004.  The transportation and disposal of 
any waste materials containing asbestos is controlled by the DEC.  Under the Environmental Protection 
(Controlled Waste) Regulations 2004, the contractor responsible for transportation of asbestos 
containing material must be licensed to undertake such activities.  Asbestos will only be disposed of at 
a site approved by the DEC. 

5.4.5 Importation and Placement of Clean Fill 

Clean fill will be imported to the site using the public road system.  In order to prevent nuisance dust 
emissions arising, all fill will be sufficiently damp to prevent dust emissions en route and during tipping.  
The moisture content of the fill being brought onto site will be inspected periodically by the Civil Works 
Contractor and if found to be too dry, the cartage firm will be required to wet the fill at the source. 
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6 MONITORING 

6.1 Overview 

At the time of preparation of this DAMP, the detailed design and civil works staging and contract 
specifications had not yet been finalised.  Accordingly, this section details a framework for the 
development of a site-specific monitoring regime by the Civil Works Contractor. 

This section describes the suggested monitoring program and rationale that should apply to ensure that 
the removal and relocation of the contaminated soil does not result in air quality levels that exceed 
criteria set for the protection of human health. 

Monitoring in relation to asbestos and other contaminants in soil is detailed in the Site Contamination 
Investigation, Remediation and Validation Management Plan (Coffey Environments, 2009), and will 
primarily involve verification testing to ensure all contaminated soil is removed from site.  Copies of all 
tip dockets for material disposed of to landfill will be provided to the Superintendent and/or the 
Principal’s Environmental Consultant (Coffey Environments, 2009).  

Monitoring for airborne particulates will consist of a mixture of permanent monitoring stations measuring 
a combination of TSP (High Volume Samplers), Asbestos Fibre concentrations, and fine particulates 
(TEOM or DusTrak) supplemented, as necessary by ad hoc use of DusTrak samplers to assess 
situations where it is considered dust emissions may be impacting off-site.  Personal samplers will also 
be used to monitor air quality within the occupational environment of site workers, particularly where 
asbestos contaminated material is being handled. 

The following subsections provide detail on air quality monitoring: 

 Section 6.5 Asbestos Fibres; 

 Section 6.6 Total Suspended Particulates (TSP); 

 Section 6.7 Fine Particulates (PM10); 

 Section 6.8 Heavy Metals;  

 Section 6.9 Baseline Monitoring; and 

 Section 6.10 Visible Nuisance Dust. 

Daily visual dust inspections will be conducted at the site boundary by the Civil Works Contractor 
following the completion of site remedial works. 

In designing the particulate monitoring program for the site, the following matters have been 
considered: 

1. The Cygnia Cove development is a major earthworks exercise in an exposed location and has the 
potential to cause significant dust impacts if strict dust controls are not enforced throughout the bulk 
earthworks program.  

2. Whilst soil contamination is present on the site, the concentrations of contaminants are generally 
quite low and the volume of soil relatively small in comparison with the overall works program.  Thus 
the monitoring program design is primarily focussed at measuring inert dust levels to ensure that 
they do not exceed relevant TSP (amenity) criteria and PM10 (health) criteria. 
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3. There will be limited use of High Volume samplers during the period when soils contaminated with 
metals and pesticides are being removed.  This data will also be used to correlate PM10 and TSP 
readings so that the PM10 monitors can be used to estimate TSP. 

4. The primary monitoring device used on the site will be DusTrak optical scattering instruments which 
provide an estimate of PM10 levels. 

5. One TEOM continuous monitor will be sited at the permanent measurement station on the northern 
boundary throughout the remediation phase of the bulk earthworks program.  This will be co-located 
with a DusTrak instrument to provide calibration between the DusTrak results and the actual PM10 
readings from the TEOM monitor.  This calibration will be used to interpret data from the other 
DusTrak monitors on the eastern and western boundaries of the site. 

6. TSP measurements will also be taken at this site during the active remediation phase of the project. 

The results of monitoring will be reviewed fortnightly by the Environmental Consultant and adjustments 
made to the monitoring regime if warranted.  Any proposal to reduce the monitoring program will only 
be implemented after discussion with the DEC, Worksafe WA and the Department of Health (DoH). 

6.2 Dust Management Objectives 

The objective of the dust management program is to manage earthworks to prevent the exposure of 
remedial workers, employees in nearby workplaces and members of the public in areas outside the site 
boundary to possibly harmful levels of airborne contaminants.   

The purpose of the dust monitoring is to confirm that members of the groups mentioned above are not 
being exposed to potentially hazardous levels of contaminants. 

Given the relatively minor occurrence of contaminated soil at the site, it is not expected that airborne 
contaminants will attain harmful levels, however, monitoring will be undertaken at all times when active 
remediation works are being undertaken to ensure the health of workers and others in the vicinity of the 
site is not compromised. 

6.3 Air Quality Areas 

The proposed remediation areas identified in Figure 6 will be located and clearly marked prior to the 
commencement of earthworks at the site, to prevent unprotected personnel coming into contact with 
contaminated material.  The Civil Works Contractor will be responsible for assessing the exposure of 
employees within the remediation areas and ensuring compliance with occupational legislation and 
policy.  The Civil Works Contractor will also be responsible for controlling access into the remediation 
areas and ensuring that all necessary PPE is worn.   

Air quality outside of the site boundary is considered to be a public area and will be monitored by the 
Principal’s appointed Civil Works Contractor to ensure compliance with standards for the protection of 
public health.  This may include monitoring along the northern, eastern and western site boundaries 
depending on the nature and scale of civil works at the time, and will be confirmed as part of the Civil 
Works Contractor’s specification. 
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6.4 Siting of Monitoring Stations 

Air monitoring stations will, as far as practicable, be situated so that they are representative of the 
particular location and contaminant being tested for.  In accordance with AS/NZ 3580.1.1:2007 Methods 
for sampling and analysis of ambient air - Guide to siting air monitoring equipment, the following 
considerations will need to be taken into account when locating permanent monitoring sites: 

 Avoiding sites with restricted air flows such as near buildings and trees.  The minimum clear sky 
angle for the sampling inlet should be 120 degrees. 

 Avoiding sites that may cause physical and chemical interference such as motor vehicle emissions. 

 Avoiding sites that may adsorb and absorb contaminants such as trees.  Monitoring stations should 
be located at least 20m from trees and leafy vegetation. 

 Locating the monitoring inlet near the human breathing zone, i.e. 1m to 2m above ground level. 

To assist with locating short-term monitoring sites, a wind vane and anemometer will be permanently 
located at the Cygnia Cove development site.  Fixed monitoring locations will be located in positions 
that account for the location of sensitive receptors and will be positioned downwind of the most 
dominant prevailing winds for that particular season. 

Monitoring of public exposure will be undertaken continuously with stations located along the eastern, 
northern, and/or western boundaries (See Figure 6 for notional locations).  The location on the western 
boundary may not fully comply with AS/NZ 3580.1.1:2007 because of the number of large buildings and 
trees present on the Clontarf Aboriginal College site, which may induce major wake effects in the air 
flow, but it is the nearest area where a substantial number of persons may be impacted by emissions.   

The static air monitor located on the western boundary is required to be relocated north of its proposed 
location (identified on Figure 6) when earthworks are being undertaken within the vicinity of soil 
sampling location TP34 (Remediation Area 1 - Figure 8). Specific activities and areas of work on a  
day-by-day basis will determine the actual locations of any monitoring equipment and will be 
determined by the Civil Works Contractor in discussion with The Christian Brothers, the City of South 
Perth and the City of Canning.   

In addition to the permanent monitoring stations on the boundary of the site, personal air samplers will 
be used to monitor air quality within the breathing zone of site workers with respect to asbestos fibres. 

Table 10 details the preferred monitoring equipment that can be used to assess air quality impacts for 
the various potential contaminants. 
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TABLE 10 
AIR MONITORING EQUIPMENT  

Equipment Parameters 

Static Air Samplers Airborne Asbestos Fibres 

Personal Air Samplers Airborne Asbestos Fibres 

Hi-Vol Sampler with TSP fitting TSP, Heavy Metals 

TEOM1/Dustrak2 Continuous, real time monitoring for PM10 

1 TEOM used to calibrate DusTrak data and utilised for compliance monitoring. 
2. DusTrak used as a management measure to trigger reactive dust mitigation measures. 

6.5 Asbestos Fibres 

6.5.1 Monitoring Program 

Airborne asbestos fibres will be monitored using personal air samplers at a number of locations within 
the active remediation areas.   

The personal air samplers are to be used in consultation with occupational testing procedures and 
sampling will be undertaken for no less than eight hours during each day of activity.  This form of 
monitoring is known as exposure monitoring and involves the taking of regular samples within the 
breathing zone to determine a person’s risk from, or level of exposure to, airborne asbestos fibres.  The 
results of this sampling can then be used to determine compliance with asbestos exposure standards. 

In addition, static air samplers will be strategically located on the western, northern and/or eastern 
boundaries to assess the effectiveness of controls within the working area.  This type of sampling is 
known as control monitoring and is often conducted in areas that contain high proportions of  
non-asbestos fibres or particles. 

Asbestos was mostly detected within areas of uncontrolled fill across the site, and then only as a few 
discrete fibres in soil samples or as asbestos cement sheeting.  Although asbestos containing material 
has not been detected (or rarely detected) at the balance of the site, asbestos air samplers will operate 
at all times when active remediation works are being undertaken to be conservative. 

Once the site has been validated as being free of asbestos, ambient sampling for fugitive asbestos 
fibres will cease for the remainder of civil works associated with subdivision development. 

6.5.2 Analytical Method 

Asbestos will be measured in accordance with the NOHSC’s Guidance Note on the Membrane Filter 
Method for Estimating Airborne Asbestos Fibres (NOHSC, 2006) for the determination of airborne 
fibres.  In the field, a sample of air is collected, with a known volume of air passing through the filter and 
trapping any asbestos fibres that are present.  The filter is treated in order to become transparent, and 
the respirable fibres are sized and counted in accordance with defined geometric criteria using phase 
contrast optical microscopic techniques.  Particles which conform in dimensions and size to the 
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conforming criteria are ‘counted’ as fibres (including non-asbestos fibres).  Hence it is possible this 
method can overestimate the true amount of asbestos present (i.e. err on the side of caution).  The 
result is expressed as fibres per millilitre of air, calculated from the number of fibres observed on a 
known area of filter and the volume of air sampled, allowing an average concentration of airborne fibres 
to be determined. 

6.5.3 Air Quality Standards 

The applicable standards for monitoring asbestos are provided in Guidance Note on the Membrane 
Filter Method for Estimating Airborne Asbestos Fibres (NOHSC, 2006), the Code of Practice for the 
Safe Removal of Asbestos (NOHSC, 2005a) and the Occupational Safety and Health Regulations1996.  

The National Exposure Standard (NES) as established by the Australian Safety and Compensation 
Council (ASCC, formerly the NOHSC), is 01. fibres/mL of air measured using the membrane filter 
method for all forms of asbestos. 

Table 11 below defines suggested ‘control levels’ of airborne asbestos fibre concentrations which, if 
exceeded within the filters of the personal air samplers, will instigate a series of actions to rectify the 
situation. 

TABLE 11 
PERSONAL AIR MONITORING ASBESTOS CRITERIA  

Control Level 

(fibres/mL) 

Control/Action 

(fibres/mL) 

<0.01 Continue with control measures 

≥0.01 Review control measures 

≥0.02 Stop remedial work and find the cause 

 

In terms of protecting public health, the target background level within the three static air samplers will 
be the NATA collection and detection limit of 0.01 fibres/mL (10 times below the occupational limit).  It is 
proposed that excavation work will cease while dust management procedures are reviewed if this target 
criteria is exceeded.  Table 12 outlines the asbestos fibre air quality criteria for the static air samplers. 

TABLE 12 
STATIC AIR MONITOR ASBESTOS CRITERIA  

Target Criteria 

(fibres/mL) 

Work Stoppage Criteria 

(fibres/mL) 

<0.01 0.01 
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6.5.4 Air Monitors Cycle Duration and Analysis Timeframes  

It is proposed to run the static air monitors on a 7hr cycle (8am-4pm) based on the adjacent schools 
operational hours with samples then being processed at an appropriately accredited laboratory on a 
24hr/next working day turnaround. If for any reason samples fail to reach the laboratory in time, then 
samples will be analysed on a 48hr/two working day turnaround. The reason for failure to deliver the 
samples on the day will be required to be reported by the Civil Works Contractor to the Principal and 
Principal’s Environmental Consultant within 24hrs of becoming aware of the event. 

6.6 Total Suspended Particulates 

6.6.1 Monitoring Program 

Total Suspended Particulates (TSP) dust monitoring is a general measurement for assessing the 
performance of the dust management program and is primarily directed at assessing impacts on 
amenity.  TSP includes fine particulates (PM10 and PM2.5) and larger particles that are suspended in air 
as dust.  It is anticipated that, with good dust prevention and management measures in place, there 
may not be the requirement to undertake continuous PM10 and/or TSP monitoring throughout the civil 
works program.  

TSP monitoring will be undertaken for off-site exposure at the northern site location during the active 
remediation phase of the bulk earthworks program. 

The TSP program will be undertaken for two reasons: 

1. Firstly to provide a specific relationship between TSP and PM10 results to allow the TEOM and 
DusTrak results to be used to develop conservative estimates of TSP values.  It is recognised that 
this relationship will be affected by factors such as meteorology and the distance between the 
remediation site and monitoring sites, however the PM10 measurement is the primary result of 
concern and the TSP estimate will simply be used to estimate amenity impacts. 

To allow this relationship to be developed and used, a TEOM and DusTrak monitor will operate 
continuously at the northern boundary monitoring location throughout remediation phase of the bulk 
earthworks program. 

2. To provide an estimate of contaminant levels contained in TSP.  This will be achieved by analysing 
the daily filter papers for the following parameters: 

 metals (zinc, lead, arsenic, cadmium) 

As indicated above, the High Volume Sampler will operate on the northern site throughout the active 
remediation phase of the project. The results will be assessed fortnightly and used with the results from 
the TEOM and DusTrak monitors to provide estimates of contaminant concentrations recorded at the 
other fixed monitoring sites.  If these results suggest contaminant concentrations are of concern, then 
additional High Volume Samplers will be installed at the other monitoring stations. 

6.6.2 Analytical Method 

TSP’s will be measured at the site boundary using a High Volume (Hi-vol) sampler with TSP fittings as 
per AS 3580.9.3 (2003) Methods for Sampling and Analysis of Ambient Air - Determination of 
Suspended Particulate Matter - Total Suspended Particulate Matter (TSP) - High Volume Sampler 
Gravimetric Method.  Information on TSP concentrations in air may also be determined by extrapolating 
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PM10 monitoring results from DusTrak or TEOM samplers and adopting an assumed factor to convert 
PM10 to TSP concentrations.  The National Pollutant Inventory Emission Estimation Technique Manual 
for Mining (Environment Australia, 2001) presents a range of possible ratios between TSP and PM10 
depending upon the nature of operations and activities where a general estimation is that particulates of 
size fraction 10 microns and below (PM10) generally constitute approximately 35% to 50% of total 
particulate concentrations.  A conservative assumption would therefore be that PM10 dust measured by 
the DusTrak samplers from around the Cygnia Cove development site during the monitoring program, 
constitutes 25% of total suspended particulate concentrations. 

6.6.3 Assessment Criteria 

TSP results will initially be compared to the TSP criteria (Table 13) used in the current Kwinana Air 
Quality Environmental Protection Policy for residential area air quality (DEP, 1999). 

TABLE 13 
TSP CRITERIA  

Location 
Target Criteria 

(µg/m3) 

Work Stoppage 

(µg/m3) 

Site Boundary 90 (24 hours average) 

750 (15 minute average) 

150 (24 hour average) 

1,000 (15 minute average) 

In view of the low levels of contamination on-site, the 15 minute criteria will only be used in the event 
that complaints regarding excessive dust emissions are being received, as the measurement of 15 
minute average data for TSP requires the use of specialised portable equipment or expensive TEOMs.  
The continuous PM10 measurements can act as surrogate 15 minute TSP data in the first instance. 

As described in Section 6.6.1, the filter papers digested in a NATA-accredited laboratory and analysed 
to determine whether there is a need to adjust the TSP or PM10 criteria adopted as a result of 
contaminant loads in the particulate matter. 

6.7 Fine Particulates (PM10) 

6.7.1 Monitoring Program 

Fine particulate (PM10) dust monitoring captures the fraction of airborne particulates which represents 
the greatest potential health issue as it is capable of being respired into the lung. 

PM10 monitoring will be undertaken for off-site exposure at the eastern, northern and/or western 
boundaries for the duration of remedial works.  Monitoring will be with a continuous air sampler 
(DusTrak) capable of providing alert messages for initiating corrective action. 

Results will be assessed against the relevant standards as outlined in Section 6.7.3. 

 

 



Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 

Coffey Environments 
ENVIPERT00209AA - Dust Management Plan (V9) 
5 November 2009 

50

6.7.2 Analytical Methods 

Particulate monitoring for public exposure will be undertaken using: 

 A TEOM (Tapered Element Oscillating Microbalance) analyser in accordance with  
AS 3580.9.8 (2001) Method for Sampling and Analysis of Ambient Air - Determination of Suspended 
Particulate Matter - PM(sub)10(/sub) Continuous Direct Mass Method Using a Tapered Element 
Oscillating Microbalance Analyser; and 

 DusTrak Particulate Monitors. 

A single TEOM instrument will be located on the northern boundary monitoring station throughout the 
remediation phase of the bulk earthworks program, with one DusTrak monitor deployed at each of the 
three permanent monitoring stations.  A fourth spare DusTrak unit is to be used by the Site Supervisor 
to assess local or short-term dust issues. 

A visual alarm (rotating light) and an SMS text alert will be connected to the DusTrak monitor’s and set 
up so that an SMS message will be sent to the Civil Works Contractor and Principal’s Environmental 
Consultant if the Corrective Action Response Level is exceeded.  The averaging period for results will 
be set at 10 minutes as this is the monitor default settings. 

As indicated in Section 6.1, DusTrak particulate monitors which use an optical light scattering technique 
will be used to estimate PM10 levels at other fixed monitoring stations. 

6.7.3 Assessment Criteria 

PM10 results will be assessed against the National Environmental Protection Measure (NEPM) for 
Ambient Air Quality 1998 (as varied) (NEPC, 2003).  This standard represents a longer term goal for 
ambient air quality that “allows for the adequate protection of human health and well being”. 

The NEPM specifies an ambient air quality target of 50µg/m3 for PM10.  The NEPM criterion is a 24hr 
average.   

6.8 Heavy Metals  

6.8.1 Monitoring Program 

The potential for elevated concentrations of metals and pesticides to be present in airborne particulates 
is assessed as being low given the isolated occurrence of soil samples, which exceed EIL levels. 

It is proposed that metal concentrations will be assessed in High Volume Sampler filter papers for a 
limited period (e.g. initial 2-4 weeks) of the remedial works to assess the levels of metals present in the 
particulate matter.  Monitoring will target the significant contaminants present in the soils from a human 
health perspective (i.e. zinc, lead, arsenic and cadmium).  The filter papers will be provided to the 
laboratory on the same day, where possible, to obtain the fastest possible turnaround in results and 
prompt responses to dust management protocols if required. 

Assessment criteria for metals present within airborne particulates are outlined in Section 6.8.3, 
however these may be reviewed following the completion of baseline monitoring. 

Once the site has been validated as being remediated and concentrations of residual contaminants are 
in accordance with DEC guidelines, ambient sampling for heavy metals will cease for the remainder of 
civil works associated with subdivision development. 
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6.8.2 Analytical Method 

Metal particulates monitoring for public exposure will be undertaken using High Volume Sampling in 
accordance with AS 3580.9.3 (2003) Methods for Sampling and Analysis of Ambient Air - Determination 
of Suspended Particulate Matter - Total Suspended Particulate Matter (TSP) - High Volume Sampler 
Gravimetric Method.  Laboratory analysis of the filters will be undertaken for the first two weeks of 
remediation earthworks.  This approach provides quantitative results for concentrations of metals in the 
air, but there is a delay (of 3-5 days) before results are available from the laboratory so that Hi-Vol 
monitoring is not suitable for immediate management purposes.  However, DusTrak samplers will also 
be employed to assess the effectiveness of dust prevention and management measures.  

The results of High Volume monitoring will be assessed against the assessment criteria outlined in 
Section 6.8.3.  If the metal results are below the developed target criteria, no further monitoring will be 
required.  If concerns exist regarding metal concentrations in airborne dust, monitoring will continue or 
be re-initiated. 

6.8.3 Assessment Criteria 

Metal concentrations will be assessed against the criteria specified in Table 14.  The Target Criteria and 
Corrective Action have been combined, reflecting the practicalities of High Volume monitoring i.e. 
results will be received several days after monitoring so that and Corrective Action undertaken will be 
made in response to values approaching the Target Criteria.  Justification for the application of the 
criteria at the Cygnia Cove development site is discussed below. 

The Target Criteria/Corrective Action for arsenic, cadmium, lead and zinc reflect other criteria currently 
being used at other remediation sites in the Perth Metropolitan area. These guidelines were supported 
in writing by DoH and DEC in correspondence dated 12 May 2004 (see copy of letter in Appendix F).  
The DoH advised that these were also applicable to the South Beach ANI Bradken remediation site.  As 
such, the guidelines are considered to be suitable for Cygnia Cove remediation given the nature and 
location of the sensitive receptors.  

TABLE 14 
HEAVY METAL PARTICULATES AIR QUALITY 

CRITERIA (24 HOUR AVERAGES)  

Metal 
Target Criteria/Corrective Action 

(µg/m3/24hr) 

Arsenic 0.8  

Cadmium 0.2 

Lead 1.3 

Zinc 350 

It is recognised that the above criteria are not ambient criteria, and are suitable only for situations where 
exposure to potential contaminants will only be of a short duration (i.e. days to weeks).  Therefore, if 
metal concentration results are consistently approaching the criteria levels such that longer terms 
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average values are also high, management practices will be reviewed as a priority. The above criteria 
will be reviewed following the completion of baseline monitoring as detailed in Section 6.9, and on a 
fortnightly basis for the first month of monitoring during remediation works.   

6.9 Baseline Monitoring 

Baseline continuous monitoring will be conducted before the commencement of works for a period of 
two weeks at the monitoring sites to provide a background measure of air quality for the local area.  The 
observed range of background levels will be used as the benchmark for assessing any degradation of 
air quality following the commencement of works.  Weather conditions will also be noted during this 
observation period. 

The following baseline monitoring will be undertaken: 

 Asbestos; 

 TSP (Total Suspended Particulates) using High Volume Samplers; 

 PM10 (Fine Particulates) using DusTrak samplers; 

 PM10 (Fine Particulates) using TEOM; and 

 Metals (zinc, lead, arsenic, cadmium).  

6.10 Visible Nuisance Dust 

Once all works associated with site remediation including validation phase of bulk earthworks have 
been completed, particulate monitoring will cease.  At this point, nuisance dust will be assessed at the 
site boundary by visual inspection.  Visual inspection results will be maintained on a daily logging sheet 
for reference.  Visible assessment of airborne particulate material generally equates to 1,000µg/m3 of 
dust emissions. 

Proactive measures detailed in Section 5.4 will be employed to control dust at this stage.  In addition, 
logs of dust complaints received will also be used as a reactive tool to manage fugitive dust from the 
site, until such time as the subdivision is populated. 
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7 CONTINGENCY RESPONSE 

7.1 Dust Management 

Should air quality monitoring show that dust and airborne contaminant emissions including asbestos, 
exceed the Control or Target Levels, dust and asbestos management practices will be immediately 
reviewed by the Principal’s Environmental Consultant and corrective action taken to improve air quality.  
If the Work Stoppage Level is exceeded, all site work creating dust sources will cease until monitored 
levels fall below the Target Levels. 

7.1.1 Corrective Action During Site Works 

The corrective action taken will typically comprise the following sequence of actions: 

 Check all trucks are appropriately covered and that earthmoving machinery is operating in wetted 
down areas; 

 Increase the water application rates over all disturbed areas; 

 Reduce the level of earthmoving activity if evaporation rates are drying the fill quicker than water can 
be applied; 

 Reduce the area of disturbance to minimise emissions; 

 Apply a suitable physical dust suppressant to any inactive areas; and 

 Cease all work if extreme weather conditions are the prime reason for excessive dust levels and 
dust suppression techniques have been ineffective in controlling the dust. 

7.2 Notification of Exceedance  

The DEC will be notified in writing by the Principal’s Environmental Consultant within 24hrs if there has 
been an exceedance of the corrective action or target values.  Should there be a work stoppage, this 
will be notified immediately on the day by phone and in writing. 
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8 REPORTING, TRAINING AND RESPONSIBILITY 

8.1 Reporting 

Reporting of the Dust and Asbestos Management Plan for the Cygnia Cove site will be broken down 
into four components as shown below. 

8.1.1 General Reporting 

As detailed in the Site Contamination Investigation, Remediation and Validation Management Plan 
(Coffey Environments, 2009), the progress and management of remedial works will be reviewed on an 
ongoing basis. 

8.1.2 Soil Reporting Requirements 

As detailed in the Site Contamination Investigation, Remediation and Validation Management Plan 
(Coffey Environments, 2009), project specific reporting requirements relating to the implementation of 
remedial and validation works, including that pertaining to asbestos contaminated soil removal are 
outlined in Table 15. 

TABLE 15 
SOIL REPORTING REQUIREMENTS  

Responsibility Item To Whom Timing 

Civil Works 

Contractor 

Log of the remedial earthworks 

operation, tracking dates of 

excavation, location of the stockpile 

for each remediation area, and the 

management and/or disposal of 

excavated material. 

Provision of tip dockets for all material 

disposed of off-site. 

Site Superintendent 

and Principal’s 

Environmental 

Consultant 

At the end of remedial 

works2. 

Principal’s 

Environmental 

Consultant 

Soil validation testing results and 

disposal advice. 

Superintendent/Civil 

Civil Works 

Contractor 

Within three weeks of 

notification of 

excavation. 

 

                                                     

2 Recorded keeping will be maintained for the duration of the development however it is envisaged that the 

Environmental Consultant will correspond with the Civil Works Contractor with regular updates on-site activities and 

remedial work logs and tracking.  
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TABLE 15 
SOIL REPORTING REQUIREMENTS  

Responsibility Item To Whom Timing 

Principal’s 

Environmental 

Consultant 

Preparation of Progress and 

Compliance Reports. 
Principal and DEC 

Encompassing:  

Design, Construction 

and Post Construction 

phases reporting on a 

quarterly basis. 

Principal’s 

Environmental 

Consultant 

Close-out report. 
Site Auditor, Principal 

and DEC 

At the end of remedial 

works. 

* Any significant issues will be addressed appropriately as per Section 8.2.1 

Upon submission of the Close-out Report, Coffey Environments behalf of The Christian Brothers, will 
request that any condition(s) regarding asbestos management are formally cleared by the DEC. 

8.1.3 Dust Reporting Requirements 

Dust reporting will be undertaken in three formats as detailed below and summarised in Table 17: 

 Periodic reporting during remediation works; 

 A Close-out report will be prepared after the conclusion of the remedial works; and 

 Visual dust inspection results will be maintained on a daily logging sheet during bulk earthworks and 
construction. 

The periodic reporting will provide information on general trends of dust management via dust 
monitoring results to the DEC.  In addition, the DEC will be provided with notification of any compliance 
breaches (if they should occur) within 24hrs of occurrence. 

A Close-out Report including the following information will be provided after the conclusion of the 
remedial works: 

 Air Monitoring Parameters; 

 Air Quality Standards; 

 Air Monitoring Methods; 

 Air Monitoring Locations; 

 Air Monitoring Results; 

 Complaints, Incidents or Exceedances; and 

 Conclusion. 
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TABLE 17 
DUST REPORTING REQUIREMENTS  

Responsibility Item To Whom Timing 

Principal’s 

Environmental 

Consultant 

Preparation of Progress 

Reports 
Principal and DEC 

Encompassing:  

Design, Construction 

and Post Construction 

phases reporting on a 

quarterly basis*. 

Principal’s 

Environmental 

Consultant 

Close-out report. 
Site Auditor, Principal 

and DEC 

At the end of remedial 

works. 

Civil Works 

Contractor 

Daily Dust Inspection log 

sheets 
Principal and DEC 

Encompassing: During 

Construction as 

requested and Post 

Construction phases 

reporting on a 

quarterly basis*. 

* Any significant issues will be addressed appropriately as per Section 8.2.1 

Upon submission of the Report, Coffey Environments on behalf of The Christian Brothers, will request 
that any condition(s) regarding dust management are formally cleared by the DEC. 

8.2 Community Consultation  

There has been an ongoing consultation with the community throughout the life of the project. This has 
included:  

 The public consultation that formed part of the Environmental and Planning Approval process for the 
project; 

 A number of information evenings held to inform the community in relation to the project; and  

 Ongoing discussion with various regulatory authorities and community interest groups. A summary 
of the Community Consultation report is provided in PER document.  

In addition, the following is proposed:  

 Prior to construction works commencing, signage will be placed at key points along the boundary of 
the installed on the site to inform the community that development works are commencing. Signage 
will include contact details in the event that dust or noise emissions are causing concern.   

 A notice will be placed in the letterboxes of residents adjoining the development site. The notice will 
provide a summary of the nature and duration of the works and re-iterate contact details in the event 
that there are any concerns or issues. 
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8.2.1 Complaints, Incidents and Exceedances 

Site personnel will be responsible for reporting environmental incidents and complaints on a designated 
Accident and Incident Report form.  Environmental incidents are defined as discharges or impacts that 
result from site works that exceed or have the potential to exceed the criteria specified in this 
Management Plan, and result in environmental harm.  

Any complaints received by the Civil Works Contractor Site Manager from members of the public and 
other key stakeholders (regulators, local authorities) will be reported Contractor to the Site 
Superintendent and Principal’s Environmental Consultant and addressed within 24hrs.  

Any environmental incidents (if they should occur) will be reported by the Civil Works Contractor Site 
Manager within 24hrs of occurrence to the Site Superintendent and Principal’s Environmental 
Consultant.  

The DEC will be provided with notification of any compliance breaches (if they should occur) within 
24hrs of occurrence (as per Section 8.1.3 and 8.2.1).  

Accident and Incident Reports and contact details for management of site activities will be provided in a 
readily accessible place while site works are being carried out.  This will ensure that staff are able to 
immediately complete and submit a written record in the event of any environmental incident. 

The Accident and Incident Report should include: 

1. An Incident Reporting Section to be completed by the person reporting the incident.  This section will 
require input of initial details of the incident, including: 

 the name of the person submitting the report; 

 the source of off-site impacts or discharges, including a description of the details of the 
operations that were being undertaken that resulted in the discharge or impact; 

 the duration of the environmental incident if it results in, or had the potential to result in, 
unacceptable off-site impacts; 

 a description of equipment or machinery being operated at the time that caused the discharge or 
impact; and 

 a description of the impact management measures that were in place and being used when the 
discharge or impact occurred. 

2. An Assessment Section of the Incident Form will be completed which requires the incident to be 
assessed in terms of urgency and actions considered appropriate to remedy the incident and 
minimise environmental impacts.  Information to be supplied in this section includes: 

 a brief assessment of the urgency and immediate impacts of the incident; 

 a description of the actions to be taken to rectify the discharges or impacts; and 

 an Action Report Section which includes: 

 details of the actions taken to immediately remedy the incident; 

 a brief report on the success of those actions; and 

 a description of changes to work practices or operations that are required to ensure that the 
incident will not re-occur together with a timetable for implementation of those changes. 
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The Accident and Incident Report will be given a sequenced identification number so that each form 
may be accounted for. 

Coffey Environments will provide environmental management/monitoring record templates. Should the 
Civil Work Contractor provide alternative reporting formats/templates, they will be subject to review and 
approval by the environmental consultant prior to circulation for use on-site.  

8.3 Training and Awareness 

8.3.1 Site Induction  

Site inductions will be held prior to the commencement of works for all Civil Works Contractors and 
subcontractors involved in the project.   During the site induction, potential environmental impacts and 
issues will be communicated to all site personnel.  These communications may be in the form of training 
sessions and notices in a prominent position in the work place and will include: 

 Overview of regulatory requirements relevant to the project; 

 Information on the potential impacts of on-site works; 

 Information to assist site personnel in identifying unacceptable off-site environmental impact 
problems; 

 All workers will undergo a site induction that informs them of the dangers of asbestos, how to 
recognise asbestos products and the procedures to follow should asbestos products be uncovered; 

 Protocols for the reporting of Occupational, Health, Safety and Environmental (OHS&E) incidents 
including a list of site contacts to be notified.  Incidents are to be reported on an Accident and 
Incident Reporting Form; 

 Instructions that all site personnel are responsible for reporting and where appropriate, taking action 
in the event of unacceptable impacts; and 

 An outline of the contingency action plan that is to be used to rectify unacceptable off-site 
environmental impact or discharge problems. 

8.3.2 Personnel Training 

The Civil Works Contractor will be assessed as to their ability to achieve environmental performance 
consistent with the requirements of this Management Plan.  The Site Superintendent or delegated 
nominee will assess the requirements of the subcontract package and, where considered necessary, 
the Subcontractor(s) will be required to attend a specific training session. 

The Civil Works Contractor will ensure all personnel performing duties required by this Management 
Plan are properly briefed.  Where a need is identified, arrangements shall be made for appropriate 
environmental training including training to enable Civil Works Subcontractors to identify and report 
unexpected finds of asbestos. If necessary, assistance shall be provided initially to personnel (including  
sub-Civil Works Contractors) when carrying out assigned environmental duties until such time as the 
required training has been completed.  
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8.4 Responsibilities 

8.4.1 Principal 

The Principal or the Proponent for the project is ultimately responsible for the overall compliance with 
prescribed Ministerial Environmental Conditions and legislation relevant to the project. 

8.4.2 Site Superintendent  

The Site Superintendent will ensure that the appointed Civil Works Contractor is required to prepare 
and implement environmental protection programs, appropriate to their activities and to cooperate in 
any environmental management plans implemented on the project. 

The Principal’s Environmental Consultant will be the main contact and conduit for ongoing liaison 
between regulatory authorities.  Advice from the Civil Works Contractor and Site Superintendent may 
be sought as required. 

The Civil Works Contractor will report directly to the Site Superintendent and will be responsible for 
implementing the Site Contamination Investigation, Remediation and Validation Management Plan 
(Coffey Environments, 2009) with assistance and direction from Principal’s Environmental Consultant. 

8.4.3 Principal’s Environmental Consultant 

The Principal’s Environmental Consultant will be responsible for activities associated with inspection 
and/or sampling of soil and dust, such as: 

 Identify areas of potential asbestos soil contamination;  

 Review soil validation data and provide advise with respect to appropriate management and/or  
off-site disposal of material;   

 Review and evaluate analytical data obtained from all ongoing monitoring programs described in 
Section 5.  The results of the monitoring will be included in a Close-out report to be submitted to Site 
Auditor and the DEC as well as in accordance with post-development Progress and Compliance 
reporting. 

The Principal’s Environmental Consultant will be available to provide ongoing environmental advice and 
support to the Site Superintendent and Civil Works Contractor as needed.   

Where necessary, the Principal’s Environmental Consultant will be responsible for ongoing liaison with 
regulatory authorities and the community in relation to environmental issues. 

The Principal’s Environmental Consultant will coordinate community consultation initiatives relevant to 
the project, particularly the release of documentation for public review. 

8.4.4 Civil Works Contractor’s Site Manager 

The responsibility for day-to-day site management lies with the Civil Works Contractor’s Site Manager.  
He will be assisted by the nominated Principal’s Environmental Consultant as necessary. The Civil 
Works Contractor’s Site Manager will take overall responsibility for the environmental performance 
during construction and site development. 
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The Civil Works Contractor has responsibility to ensure activities under their direct control are 
completed in compliance with this Dust and Asbestos Management Plan and related Work Procedures, 
Inspection Plans, Procedural Checklists and Environmental Management Plans, as applicable. 

In the event of absence from site, the Civil Works Contractor Site Manager will be represented by his 
delegate responsible for civil works. 

The Civil Works Contractor is responsible for ensuring that all employees and civil works 
Subcontractors are fully cognisant of, and abide by, the Dust and Asbestos Management Plan. 

The Civil Works Contractor will ensure all employees and Subcontractors are responsible for putting 
into practice the Dust and Asbestos Management Plan and shall ensure that the factors which may 
compromise the achievement of overall project or environmental objectives are brought to the attention 
of the Site Superintendent and Principal’s Environmental Consultant. 

The Civil Works Contractor’s Site Manager will:  

 Be the initial central point of contact for all site related environmental issues; 

 Be responsible for ensuring employee and Civil Works Contractor adherence to the Dust and 
Asbestos Management Plan; 

 Maintain the content and implementation of induction training and tool box sessions; 

 Keep records of who has been trained and to advise the Environmental Manager when new staff 
commence; 

 Undertake and implement procedures and controls with respect to asbestos containing material and 
dust management as outlined within Section 5;  

 Instigate and maintain a program of environmental recording and (as appropriate) environmental 
reporting against key performance objectives as outlined within the DAMP; 

 Maintain a log of remedial earthworks operations and associated management and/or off-site 
disposal of material;  

 Periodically inspect pollution management structures and equipment to confirm availability and 
completeness; and 

 Be responsible for reporting all incidents of breach of this Dust and Asbestos Management Plan to 
the Site Superintendent and Environmental Consultant.  

The Civil Works Contractors Site Manager and Environmental Consultant shall, in conjunction, be 
responsible for the follow works:  

 Inspection of excavations for residual asbestos material to determine extent of remediation (as 
outlined within Section 5.3.5);  

 Identification of access controlled work areas (as outlined within Section 5.3.1 and 5.3.2); and  

 Review and management of imported fill (as outlined within Section 5.3.11).  



Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 

Coffey Environments 
ENVIPERT00209AA - Dust Management Plan (V9) 
5 November 2009 

61

8.4.5 All Employees 

All employees engaged in field activities and under the direct control of Civil Works Contractor shall 
comply with the requirements of this Dust and Asbestos Management Plan.  Formal commitment to 
abide by project requirements will be ratified through the employees’ respective employment contracts. 
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Uncertainties as to what lies below the ground on potentially contaminated sites can lead to
remediation  costs  blow  outs,  reduction  in  the  value  of  the  land  and  to  delays in the
redevelopment  of  land.  These  uncertainties  are  an  inherent  part  of  dealing  with  land
contamination. The following notes have been prepared by Coffey to help you interpret and
understand the limitations of your report.

Your report has been written
for a specific purpose

Your  report  has  been  developed  on  the  basis  of a
specific purpose as understood by Coffey and applies
only to the site or area investigated.  For example, the
purpose of your report may be:
●  To assess the environmental effects of an on-going operation.
●  To  provide  due  diligence on  behalf of a property vendor.
●  To provide due diligence on behalf of a property purchaser.
●  To provide information related to redevelopment of the site
    due to a  proposed change in use,  for example, industrial
    use to a residential use.
●  To  assess  the  existing  baseline  environmental,  and
    sometimes  geological  and  hydrological  conditions  or
    constraints  of  a  site  prior  to an activity which may alter
    the sites environmental, geological or hydrological condition.

Subsurface conditions can change

Interpretation of factual data

Subsurface conditions are created by natural processes
and  the  activity of man and  may  change  with  time.
For example, groundwater  levels  can vary  with  time,
fill may be placed on a site and pollutants may migrate
with  time.  Because  a  report  is based on  conditions
which existed at the time of the subsurface exploration,
decisions  should  not  be  based  on  a  report  whose
adequacy may have  been  affected  by time.  Consult
Coffey to be advised how time may have impacted on
the project and/or on the property.

Environmental  site  assessments  identify  actual sub-
surface conditions only at those points where samples
are taken and when they are  taken. Data derived from
indirect  field  measurements  and  sometimes  other
reports  on  the  site  are  interpreted  by  geologists,
engineers or  scientists  to  provide  an  opinion  about
overall site conditions,  their likely impact with  respect
to  the  report  purpose  and  recommended  actions.
Actual  conditions  may  differ  from  those  inferred  to
exist,  because  no  professional,  no  matter  how well
qualified,  can  reveal  what  is  hidden  by  earth, rock
and time.  The actual interface between materials may
be  far  more  gradual or abrupt than  assumed  based
on the facts obtained. Nothing can be done to change
the  actual  site conditions  which exist,  but steps can
be  taken  to  reduce  the  impact  of unexpected con-
ditions.  For  this  reason,  parties  involved  with  land
acquisition, management and/or redevelopment should
retain the services of Coffey through the  development
and  use  of  the  site  to  identify  variances,  conduct
additional tests if required,  and recommend  solutions 
to  unexpected  conditions or other problems encoun-
tered  on  site.
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Scope of Investigations

The  work  was  conducted,  and the  report  has been
prepared, in response to specific instructions from the
client to whom this report is addressed, within practical
time  and  budgetary  constraints,  and  in  reliance  on
certain data and information made available to Coffey.
The analyses,  evaluations, opinions  and  conclusions
presented in this report are based on those instructions,
requirements,  data  or  information,  and  they  could
change  if  such instructions etc.  are in fact inaccurate
or  incomplete.

For each  purpose, a specific approach to the assess-
ment of potential soil and groundwater  contamination
is required. In most cases, a  key objective is to identify, 
and  if  possible,  quantify  risks  that both  recognised
and unrecognised contamination pose to the proposed
activity. Such risks may be both financial (for example,
clean  up  costs  or  limitations  to  the  site  use)  and
physical  (for example,  potential  health  risks to users
of  the  site  or  the  general  public).
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Data should not be separated from the report

The report as a whole presents the findings of the site
assessment and the report  should  not  be  copied  in
part or  altered  in  any  way. Logs, figures,  laboratory
data,  drawings, etc.  are  customarily  included  in our
reports and are developed by scientists, engineers  or
geologists based on  their  interpretation  of  field  logs
(assembled  by  field  personnel),  field  testing  and
laboratory evaluation of field samples. This information
should not under any  circumstances  be  redrawn  for
inclusion in other  documents  or  separated  from  the
report in any way.

Contact Coffey for additional assistance

Coffey  is  familiar  with  a  variety  of  techniques  and
approaches that can be used to help reduce  risks  for
all  parties  to  land  development  and  land  use.  It  is
common that not  all  approaches  will  be  necessarily
dealt with in your environmental site assessment report
due to concepts proposed  at  that  time. As a  project
progresses  through  planning  and  design  toward
construction and/or  maintenance,  speak  with Coffey
to  develop alternative  approaches  to  problems  that
may  be  of  genuine  benefit  both  in  time  and  cost.

Environmental  reporting  relies  on  interpretation  of
factual information based  on  judgement  and  opinion
and  has  a  level  of  uncertainty attached to  it,  which
is  far  less  exact  than  other  design disciplines. This
has  often  resulted  in  claims  being  lodged  against
consultants, which are unfounded. To help prevent this
problem,  a number of  clauses have  been  developed
for  use  in  contracts,  reports  and  other  documents.
Responsibility  clauses  do  not  transfer  appropriate
liabilities from Coffey to other parties but  are included
to  identify where  Coffey's  responsibilities  begin  and
end.  Their  use  is intended to help all parties involved
to recognise their individual  responsibilities.  Read  all
documents  from Coffey closely and do not hesitate to
ask  any  questions  you  may  have.

Responsibility

Important information about your Coffey Environmental Report
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Your report is prepared for
specific purposes and persons

Interpretation by other professionals

To avoid misuse of the information  contained  in  your
report it is recommended that you confer  with  Coffey
before passing your report  on  to  another  party  who
may  not  be  familiar  with  the  background  and the
purpose  of  the  report.  In  particular,  a due diligence
report for a property vendor may  not  be  suitable  for
satisfying the needs of a purchaser. Your report should
not be applied for any purpose other than that originally
specified at the time the report was issued.

Costly problems can occur when  other  professionals
develop their plans  based  on  misinterpretations  of a
report.  To help avoid misinterpretations,  retain Coffey
to work with other professionals  who  are  affected by
the report.  Have Coffey explain the report implications
to  professionals  affected  by   them  and  then review
plans and specifications  produced  to  see  how  they
have  incorporated  the  report  findings.
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Your report will only give
preliminary recommendations

Your report is based  on the assumption  that  the  site
conditions as revealed through selective point sampling
are indicative of actual conditions throughout an area.
This assumption cannot be substantiated until project
implementation  has  commenced  and  therefore your
report  recommendations  can  only  be  regarded  as
preliminary.  Only  Coffey,  who  prepared  the  report,
is fully familiar with the background information needed
to assess whether or not the report's recommendations
are  valid  and  whether  or  not  changes  should  be
considered  with  redevelopment  or  on-going  use  of
the site. If another party undertakes the implementation
of  the  recommendations  of  this  report there is a risk
that the report will be misinterpreted and Coffey cannot
be held responsible for such misinterpretation.
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Appendix A 
Ministerial Statement 692 

Dust and Asbestos Management Plan 
Cygnia Cove, Waterford 



































 

 

Appendix B 
Site Summary Form and  

Certificates of Title 
Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 



 
 
 

 Site Summary Form – Contaminated Site Assessment 

For completion by the person(s) submitting a report(s) to be assessed by the 
Department of Environment and Conservation (DEC) as per the information 
requirements of the DEC Reporting on Site Assessments (2001) guideline. Completing 
this form enables DEC to maintain accurate records for the site. 

 

  

Please note: A completed site summary form must accompany each report submitted to DEC for assessment. 
Each box must be filled out appropriately. Please do not write “refer to report” in any section. 

Copies of all relevant/current Certificates of Title must accompany this form. 
 
Site location details: 
Site name (e.g. where site may be known by a common/ 
business name) 

East Clontarf Subdivision 

 
Lot no.  9001, 829, 83   House no.  N/A   Street Manning Road 
 
Suburb  Waterford  State  WA  Postcode  6152 
 
Crown Reserve (if applicable) N/A  
 
Certificate(s) of Title (or 
equivalent) 

Lot 9001 on Deposited Plan 44883, Volume 2598 Folio 42;  
Lot 829 on Diagram 88770, Volume 2048 Folio 180; and  
Lot 83 on Plan 2461, Volume 2048 Folio 181. 

 
Where the subject site comprises of multiple certificates of title, please list all certificates: 
Where substances have migrated beyond the cadastral boundaries of the subject site, please provide the 
addresses, relevant Certificates of Title documentation and owners details for all offsite properties impacted 
(includes soil and/or groundwater), as an attachment to this form. 
 
Is a hard copy of Certificate of Title and associated sketch for all listed sites attached? (Y/N) Yes  
 
WAPC reference no. (where applicable)  
 
Current Owner/Occupier details:  
Site owner (Name and  
address) 

Trustees of the Christian Brothers in WA, 53 Redmond Street, Manning 

 
Site owner company ACN/ABN   
 
Site occupier (name and 
address) 

N/A – Site is currently unoccupied 

 
Site occupier company ACN/ABN  N/A  
 
Site status (at time of reporting):  
Proposed  land use (e.g. high density residential/child care 
facility) 

Residential  

 
Identified substances and relevant media  
(e.g. benzene in soil and groundwater, xylene in 
soil only)  

Asbestos (uncontrolled fill), dieldrin, arsenic, cadmium, chromium and 
lead identified in soil. Acid Sulphate Soils identified. Marginally 
elevated concentrations of ammonia, chloride, copper, hydrogen 
sulphide, iron, selenium, zinc, manganese, nitrate, total nitrogen, 
phosphate and TDS recorded in groundwater exceeding 
FWG/ADWG/LTIWG. No contaminants exceeded the STIWG. 

Condition 8 of Ministerial Statement 692 



 
 
 

 Site Summary Form – Contaminated Site Assessment 

For completion by the person(s) submitting a report(s) to be assessed by the 
Department of Environment and Conservation (DEC) as per the information 
requirements of the DEC Reporting on Site Assessments (2001) guideline. Completing 
this form enables DEC to maintain accurate records for the site. 

 

  

 
Asbestos (Y/N) Y  Health Risk 

Assessment (Y/N) 
N  Community health  concerns identified 

(Y/N) 
N Radiological 

issues 
(Y/N) 

N 

Air quality 
issues (Y/N) 

N  Past/present 
landfill (Y/N) 

N  Potential human exposure to identified 
substances > DEC’s health investigation 
levels or equivalent (y/n) 

N Other 
human 
health 
issues (Y/N) 

Y 

 
Specify other health issues:  
 
Where ‘yes’ is recorded for at least one of the above categories, please submit two copies of the report(s) (relevant 
documentation) to DEC for referral to the Department of Health (or Radiological Council, in the case of radiological 
issues)  
 
Are site activities licensed under the Environmental Protection Act 1986? 
(Y/N) 

N/A  

 
Where laboratory analysis has been undertaken, is the laboratory NATA accredited for all analytes 
and analytical methodologies used?  (Y/N) (If not, why not?) 

Yes  

 
Community Consultation: (as per the DEC’s Community Consultation (December 2006) guideline) 
Community consultation program commenced/proposed (Y/N) Yes  
 
Are consultation program details (e.g. community consultation plan) provided in attached report (Y/N) Yes  
 
History of Investigation: 
Have previous site investigations been undertaken? (Y/N - if yes, please provide details 
below) 

Yes  

 
Report title, date and author: • Environmental Assessment, East Clontarf, Manning (ATA, 2001).  ATA 

Environmental Report 2000/179.  Prepared for Trustees of the Christian Brothers, 
January 2001. 

• Preliminary Assessment, East Clontarf, Manning (ATA, 2002a).  ATA Environmental 
Report 2002/47.  Prepared for Trustees of the Christian Brothers, May 2002. 

• Remediation Report, Asbestos Contamination, Clontarf Aboriginal College, Manning 
(ATA, 2002b).  ATA Environmental Report 2002/122.  Prepared for Trustees of the 
Christian Brothers, September 2002. 

• Detailed Soil/Groundwater Contamination and Preliminary Acid Sulphate Soils 
Investigation, Sampling and Analysis Program (ATA, 2002c). ATA Environmental 
Report 2002/147.  Prepared for Trustees of the Christian Brothers, December 2002. 

• Preliminary Acid Sulphate Soils Investigation, East Clontarf, Manning (ATA, 2003a). 
ATA Environmental Report 2003/115.  Prepared for Trustees of the Christian 
Brothers, August 2003.   

• Detailed Soil and Groundwater Investigation, East Clontarf, Waterford (ATA, 2003b).  
ATA Environmental Report 2003/144.  Prepared for Trustees of the Christian 
Brothers, December 2003. 



 
 
 

 Site Summary Form – Contaminated Site Assessment 

For completion by the person(s) submitting a report(s) to be assessed by the 
Department of Environment and Conservation (DEC) as per the information 
requirements of the DEC Reporting on Site Assessments (2001) guideline. Completing 
this form enables DEC to maintain accurate records for the site. 

 

  

 
Declaration: 
 
The information contained in this site summary form is a true representation of the information contained 
in the attached report(s)/document(s). 
 
Full name (print) Pamela Lee   
 
Position held Environmental Scientist  
 
Signature 

 
 Date 03/07/09 

 
Please ensure that a hardcopy of the current Certificate(s) of Title and associated sketch accompanies 
the site summary form.  DEC cannot proceed with the assessment of the report if this information is not 
provided. 
--------------------------------------------------------------------------------------------------------------------- 
DEC Registrar Only 
 
Registrar name:   Signature:  
 
CoT verified (Y/N)   Owner details verified (Y/N)   Complete form (Y/N)  
 
Awaiting Classification (Y/N)  
Awaiting Re-Classification (Y/N)  
Incomplete Form (Y/N)  
 
LWQB Assessment 
Officer: 

 

 
Comments/Actions:  

 
 
Date of data entry:  

 

 











































 

 

Appendix C 
Dial Before You Dig Information 

Dust and Asbestos Management Plan 
Cygnia Cove, Waterford 

















































 

 

Appendix D 
Site Classification Assessment Chart  

and Management Procedures 
Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 
 



NOTE:  
The following information has been taken from the Department of Environmental 
Protection (now the Department of Environment & Conservation (DEC)) 1996 guidelines 
“Land development sites and impacts on air quality – A guideline for the prevention of 
dust and smoke pollution from land development sites in Western Australia”.  In 
particular: 

• Section 4: ‘Procedures for assessment and management of dust lift-off potential’ 
• Section 5: ‘Contractor’s responsibility’ 
• Appendix 1: ‘Site Classification Assessment Chart’ 
• Appendix 2: ‘Site Assessment Details’ 
• Appendix 3: ‘Notes relating to ‘Site Classification Assessment Chart’. 

 
All reference to the former DEP has been changed to the DEC. 

 
 
 

Section 4 Procedures for assessment and management of dust lift-off potential 
 
Site classifications — Threshold scores 
 
Based on the total score obtained from the “SITE CLASSIFICATION ASSESSMENT 
CHART” and notwithstanding any allowance for special site conditions during the dry 
period, (refer to Note 4) the following Site Classification will apply: 
 
Site Classification 1 — under 199; 
 
Site Classification 2 — 200 to 399; 
 
Site Classification 3 — 400 to 799, and 
 
Site Classification 4 — over 800. 
 
Note:  
•  Unique sites may need special assessment. 
•  It is essential that any contracts for construction work on site include the relevant 

contingency arrangements appropriate for the site classification. 
 
 
4.1 Classification 1 (score under 199, considered negligible risk) 
Provisions: 
•  None required. 
 
Contingency arrangements: 
•  None required. 

 
 



4.2 Classification 2 (score between 200 and 399, considered low risk) 
Provisions: 
•  The developer shall supply a contingency plan to the local government, which shall 

detail the activities to be undertaken should dust impacts occur. 
 
Contingency arrangements: 
•  Include an allowance for water-cart operation, wind fencing and surface 

stabilisation during the construction period for the purposes of dust suppression. 
 
•  All areas of disturbed land should be stabilised to ensure that the disturbed area 

exposed at any time is kept to a practical minimum. 
 
 
4.3 Classification 3 (score between 400 and 799, considered medium risk) 
Provisions: 
•  Appropriate wind fencing of a length specified in the air quality management 

programme needs to be stored on site or available within one hour of being required 
by the engineer for the developer/local government/DEC. 

 
•  All areas of disturbed land should be stabilised to ensure that the disturbed area 

exposed at any time is kept to a practical minimum to prevent exceedence of the 
maximum acceptable dust level. 

 
•  The engineer for the developer shall maintain close control of works with dust 

creating potential (for example, allowable length of open trenching). 
 
•  After all siteworks are completed, and before the contractor has vacated the site, the 

developer should ensure that the entire site is stable. The developer then retains 
responsibility for site stability until change of ownership/control takes place. After 
the change of ownership/control has taken place, the new owner or controlling party 
will inherit responsibility for site stabilisation. 
 

Contingency arrangements: 
•  Suitable water-carts in good working condition and of not less than 10,000 litres 

capacity per 7.5 hectares of disturbed site, or other suitable alternatives, shall be 
available to commence watering on the site within 18 hours of being required to do 
so by the engineer for the developer/local government/DEC. 

 
• Surface stabilisation equipment shall be available to commence operation on site 

within 48 hours of being required to do so by the engineer for the developer/local 
government/DEC and with sufficient capacity to cover the disturbed site area within 
a further 48 hours. 

 
•  Wind fencing shall be erected within 18 hours of the contractor being required to do 

so by the engineer for the developer/local government/DEC. Dust generating works 
on the site shall cease in the interim. 



•  If dust-related complaints are generated due to activities on the site, the developer 
may be required by the local government or an authorised DEC officer to distribute 
advisory notices to adjoining land occupiers within 48 hours. The notices shall 
include the name of the developer, engineer for the developer, contractor/s and the 
contract period. The notices shall also contain contact telephone numbers. 

 
•  If dust-related complaints are generated due to material which has been excavated 

for trenching, the developer shall ensure this material is stabilised within 48 hours 
of being requested to do so by the engineer for the developer, local government or 
an authorised DEC officer. 

•  Include an allowance for water-cart operation, wind fencing and surface 
stabilisation during the construction period for the purposes of dust and wind-borne 
material suppression. 

 
•  Include an allowance for surface stabilisation for the purposes of dust and wind-

borne material suppression to be maintained after the construction period and until 
change of ownership/control takes place. 

 
 
4.4 Classification 4 (score over 800, considered high risk) 
Provisions: 
•  Advisory notices shall be issued to adjoining land occupiers, the local government 

and the DEC at least 48 hours before site works commence. The notices shall 
include the name of the developer, engineer for the developer, contractor/s and the 
contract period. The notices shall also contain contact telephone numbers and 
procedures. 

 
•  Fencing to the extent and in locations agreed to by the developer and local 

government shall be erected before any part of the site surface is disturbed. 
Note: This provision does not necessarily mean that the total site boundary is 
to be fenced. The fence is to be installed to an extent which will protect 
adjacent land uses and in most cases should be erected on the edge of the area 
which will be disturbed rather than on the site boundary. 
 

•  An amount of wind fencing of a length specified in the air quality management 
programme needs to be stored on site or available within one hour of being required 
by the engineer for the developer/local government/DEC. 

 
•  The nominated wind fencing is to remain in position until the disturbed surface is 

stable. 
 
•  Surface stabilisation is to be applied to the disturbed area of each section of the site 

upon completion of the works in that section. 
 



•  The engineer for the developer shall maintain strict control of works with dust-
creating potential. Material which has been excavated for trenching shall be 
stabilised if the trench is to be left exposed for longer than 72 hours. 

 
•  After all siteworks are completed, and before the contractor has vacated the site, the 

developer should ensure that the entire site is stable. The developer then retains 
responsibility for site stability until change of ownership/control takes place. After 
the change of ownership/control has taken place, the new owner or controlling party 
will inherit responsibility for site stabilisation. 
 

Contingency arrangements: 
•  Suitable water-carts in good working condition and of not less than 10,000 litres 

capacity per 5 hectares of disturbed site, or an appropriate alternative, shall be 
available to commence immediate watering on the site. 

 
•  Surface stabilisation equipment shall be available to commence operation on site 

within 48 hours of being required to do so by the engineer for the developer/local 
government/DEC and with sufficient capacity to cover the disturbed site area 
within a further 48 hours. 

 
•  Additional wind fencing shall be erected within 18 hours of the contractor being 

required to do so by the engineer for the developer/local government/DEC. Dust 
generating works on the site shall cease in the interim. 

 
•  Include an allowance for water-cart operation, wind fencing and surface 

stabilisation during the construction period for the purposes of dust and wind-
borne material suppression. 

 
•  Include an allowance for surface stabilisation for the purposes of dust and wind-

borne material suppression to be maintained after the construction period and 
until change of ownership/control takes place. 

 
 
5. Contractor’s responsibility 
The “Site Classification” rating for a particular site should be considered as an aid to 
deciding the appropriate measures which should be taken to contain dust and wind-borne 
material generated by a land development site to maximum acceptable limits. 
 
Notwithstanding the allocated “Site Classification” given to a site, if, during the actual 
construction work, the suggested dust suppression measures are found to be insufficient, 
the responsibility for carrying out the necessary measures to achieve an appropriate level 
of dust suppression rests with the contractor. The DEC or relevant local government, 
however, reserves the right to take enforcement action for any unsatisfactory dust control 
against the engineer for the developer, the developer and/or the contractor. 
 









 

 

Appendix E 
Bureau of Meteorology Monthly Data  

for Perth Metropolitan Area 
Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 



RECORDS
COMMENCE

 Mean Daily Maximum Temperature oC 30.6 31.2 29.3 25.9 22.3 19.1 18.3 18.5 20.0 22.7 26.1 28.7 24.4 1993
 Mean Daily Minimum Temperature oC 17.8 18.0 16.5 13.9 11.0 8.9 8.0 8.1 9.4 11.1 14.1 16.2 12.8 1993
 Mean Daily Temperature   (Max+Min)/2 oC 24.2 24.6 22.9 19.9 16.7 14.0 13.1 13.3 14.7 16.9 20.1 22.4 18.6 1993
 Mean Temperature - 9AM oC 24.1 24.0 22.1 19.3 15.9 13.0 12.0 12.8 15.1 17.6 20.9 22.9 18.3 1993
 Mean Temperature - 3PM oC 28.8 29.5 27.7 24.6 21.4 18.1 17.2 17.5 18.6 21.0 24.1 26.6 22.9 1993
 Temperature 40oC or greater days 0.8 1.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 3.0 1993
 Temperature 32oC or greater days 11.9 11.8 8.5 1.8 0.2 0.0 0.0 0.0 0.0 0.7 4.0 7.3 46.4 1993
 Temperature 30oC or greater days 15.7 17.0 12.6 4.3 0.7 0.0 0.0 0.0 0.1 1.8 6.6 10.8 69.6 1993
 Temperature 5oC or lower days 0.0 0.0 0.0 0.1 1.9 5.5 7.9 7.1 2.6 0.9 0.1 0.0 26.1 1993
 Temperature 2oC or lower days 0.0 0.0 0.0 0.0 0.0 0.5 2.8 0.7 0.4 0.0 0.0 0.0 4.4 1993
 Mean Relative Humidity - 9AM % 49 51 56 63 72 79 80 76 68 58 52 49 63 1993
 Mean Relative Humidity - 3PM % 40 38 40 46 51 58 57 55 54 47 45 41 48 1993
 Mean MSL Pressure - 9AM hPa 1013.6 1013.9 1016.6 1018.7 1019.0 1018.9 1019.8 1020.3 1019.6 1018.1 1016.1 1014.5 1017.4 1938
 Mean MSL Pressure - 3PM hPa 1011.4 1011.5 1014.2 1016.5 1016.9 1017.0 1018.0 1018.4 1017.7 1016.2 1014.2 1012.6 1015.4 1938
 Mean MSL Pressure - 9AM & 3PM hPa 1012.5 1012.7 1015.4 1017.6 1018.0 1018.0 1018.9 1019.4 1018.7 1017.2 1015.2 1013.6 1016.4 1938
 Thunder Heard days 1.0 1.0 1.0 1.1 1.8 2.3 1.9 1.4 0.8 0.7 1.2 0.9 15.1 1944
 Hail Observed days 0.0 0.0 0.1 0.0 0.1 0.3 0.3 0.3 0.2 0.1 0.0 1.4 2.8 1944
 Frost Observed days 0.0 0.0 0.0 0.0 0.1 0.4 0.7 0.6 0.2 0.0 0.0 0.0 2.0 1944
 Fog Observed days 0.5 0.4 0.9 1.4 1.9 1.8 2.0 1.4 1.4 1.5 0.9 0.4 14.5 1944
 Mean Daily Sunshine Hours hrs 11.7 11.1 9.4 8.1 6.7 5.7 6.1 7.1 7.7 9.6 10.7 11.7 8.8 1993
 Mean Daily Evaporation mm 10.2 9.7 7.8 5.1 3.1 2.2 2.1 2.6 3.6 5.2 7.4 9.0 5.7 1981
 Mean Rainfall mm 9 12 20 44 120 179 171 135 81 53 22 13 859 1876
 Median Rainfall mm 4 5 12 37 119 173 167 136 77 48 18 9 849 1876
 Cumulative Rainfall mm 9 21 41 85 205 384 555 690 771 824 846 859 859 1876
 Mean Rain Days days 2 2 5 7 12 17 17 16 15 9 6 4 112 1876
 Cumulative Rain Days days 2 4 9 16 28 45 62 78 93 102 108 112 112 1876

DECNOVOCTMAY SEPAUGJULJUN

 Commonwealth Bureau of Meteorology, Climate and Consultancy Section WA, January 2006

Perth Metro Climatic Averages

JAN ELEMENT UNIT APRMARFEB

Observations are taken, as appropriate, from official Perth Metro observing sites at Perth Gardens, West Perth (Old Observatory), East Perth and Mt Lawley, and from Perth Airport

ANNUAL



RECORDS
COMMENCE

 Highest Temperature oC 45.8 46.2 42.3 37.6 34.3 28.1 26.3 27.8 32.7 37.3 40.3 42.3 46.2 1897
 Date 31/1991 23/1991 05/1990 09/1910 01/2002 05/1975 * 21/1940 30/1918 29/1967 ** 31/1968 23-Feb-1991
 Lowest Maximum Temperature oC 19.7 19.0 16.4 13.6 11.5 8.8 10.5 9.9 11.4 11.9 15.8 14.9 8.8 1897
 Date 19/1939 17/1914 27/1968 16/1919 23/1995 26/1956 09/1906 05/1951 17/1917 08/1932 02/1919 17/1952 26-Jun-1956
 Highest Minimum Temperature oC 27.8 29.3 28.3 24.4 20.8 18.7 16.1 16.6 19.5 22.2 25.1 27.1 29.3 1897
 Date 21/1989 *** 02/1934 02/1913 01/1983 12/1988 12/1898 13/1976 08/1916 29/1979 24/1920 18/1979 ***
 Lowest Temperature oC 8.9 8.7 7.6 4.1 1.3 1.2 0.0 1.3 1.5 2.2 5.0 8.4 0.0 1897
 Date 25/2001 01/1902 24/2001 20/1914 11/1914 ****  † 21/2000 Ø 06/1994 18/2004 02/2002  †
 Highest Mean Maximum Temperature oC 34.4 35.1 31.8 28.2 24.0 20.6 19.9 20.3 22.6 25.8 27.7 31.7 25.2 1897
 Year 1962 1985 1978 1978/1999 2003 1983 1976/1977 1902 1987 1969 1920 1931 1978
 Lowest Mean Maximum Temperature oC 26.3 26.5 24.4 21.0 18.7 15.9 16.0 16.3 16.8 18.8 21.5 23.7 21.8 1897
 Year 1939 1926 1927 1968 1931/1956 1898 1960 1932 1915 1924 1971 2005 1917
 Highest Mean Minimum Temperature oC 20.9 22.7 20 17.3 13.8 12.8 11.4 11.5 12.4 14.2 16.9 19.6 14.9 1897
 Year 1978 1985 1988 1978 1972 1964 1921 1977/1983 1988 1969 1982 1977 1988
 Lowest Mean Minimum Temperature oC 15.6 15.6 13.5 11.6 8.8 6.9 5.3 6.9 8.0 9.3 11.9 13.9 12.0 1897
 Year 3 years 1931 1900 1914 2000 2001 1997 1956/2001 2004 1910 1954 2005 1908/2001
 Highest Mean Daily Sunshine Hours hrs 12.6 12.0 10.6 9.3 7.9 7.3 7.5 8.4 8.8 10.9 11.9 12.6 9.1 1898
 Year 1974 3 years 2001 1920 2000 2001 1918 1902 Many 2000 2002 2000 1994
 Lowest Mean Daily Sunshine Hours hrs 8.3 7.7 5.5 4.4 3.4 2.9 3.2 4.2 4.9 5.5 5.1 8.0 6.9 1898
 Year 1920 1955 1927 1926 1905 1945 1926 1945 1907 1898 1965 1925 1923/1965
 Highest Daily Rainfall mm 104.0 120.6 77.0 69.6 76.2 99.1 95.0 73.9 51.8 68.2 39.1 46.7 120.6 1876
 Date 22/2000 09/1992 09/1934 17/2002 17/1942 10/1920 29/1987 14/1945 14/1984 18/1995 29/1956 03/1951 9-Feb-1992
 Highest Monthly Rainfall mm 139.0 166.3 145.2 148.8 308.1 476.1 425.1 318.3 199.1 199.9 73.2 80.7 1338.8 1876
 Year 2000 1955 1934 1926 1879 1945 1958 1945 1923 1890 1984 1951 1945
 Lowest Monthly Rainfall mm 0.0 0.0 0.0 0.0 14.1 54.9 61.5 11.8 8.7 1.0 0.0 0.0 508.7 1876
 Year 11 years 17 years 6 years 3 years 1964 1877 1876 1902 1916 1969 1891 5 years 1940
 Highest Number of Rain Days days 8 8 10 19 25 27 29 29 26 22 14 14 167 1876
 Year 1916/90 3 years 1915 1926 1921 1918/70 1946 1955 1915 1898 3 years 1913/44 1926
 Least Number of Rain Days days 0 0 0 0 5 9 6 4 4 1 0 0 87 1876
 Year 11 years 17 years 6 years 3 years 1913 1893/1976 1918 1902/78 1877 1969 1891 5 years 1969
 Maximum Wind Gust kn 48 61 61 70 64 69 74 84 61 63 55 55 84 1942

km/h 89 113 113 130 119 128 137 156 113 117 102 102 156
 Direction compass SW NNE N NNW NW W W W NW WNW NW NW W
 Time WST 15:45 15:15 15:25 16:55 06:45 06:35 04:45 05:15 10:25 03:25 12:45 14:45 05:15
 Date 06/1950 20/1977 27/1960 04/1978 30/1962 25/1947 18/1964 22/1963 07/1973 30/1950 11/1946 06/1944 22-Aug-1963
 * 17 & 18-Jul-1976, ** 24-Nov-1913 & 11-Nov-2003, *** 8-Feb-1933 & 3 Feb-1962, **** 19-Jun-2003 & 2-Jun-2004, † 15-Jul-1997 & 27-Jul-1998 Ø 1 Sept & 10 Sept-2005

JUNJAN ELEMENT UNIT MAYAPRMARFEB

 Commonwealth Bureau of Meteorology, Climate and Consultancy Section WA, January 2006

Perth Metro Climatic Extremes
Observations are taken, as appropriate, from official Perth Metro observing sites at Perth Gardens, West Perth (Old Observatory), East Perth and Mt Lawley

ANNUALDECNOVOCTSEPAUGJUL



Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open • Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.

Page 1 of 10

12 am January

A total of 390 observations analysed8
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 3 5 14 3 2 1 30

11–20 * 14 12 23 5 1 * 55
21–30 * 2 3 1 1 * 7

>30 
1 2 18 20 38 9 3 1 100All 

12 am February

A total of 367 observations analysed10
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 4 5 17 3 2 1 35

11–20 1 16 7 21 3 1 * 49
21–30 * 3 2 1 6

>30 
1 2 23 15 38 7 3 1 100All 

12 am March

A total of 399 observations analysed18
NE E SE S SW W NW All

Calm
km/h N
1–10 2 1 6 6 14 2 2 1 34

11–20 * 2 15 6 14 4 1 * 42
21–30 * 2 3 1 1 6

>30 
2 4 23 14 29 8 3 1 100All 

12 am April

A total of 388 observations analysed26
NE E SE S SW W NW All

Calm
km/h N
1–10 4 4 7 6 17 2 1 1 43

11–20 1 2 13 5 6 1 1 * 30
21–30 1 * * * 2

>30 
5 6 21 11 23 3 3 1 100All 

12 am May

A total of 400 observations analysed37
NE E SE S SW W NW All

Calm
km/h N
1–10 8 8 12 4 6 1 2 2 42

11–20 3 3 4 2 2 2 3 1 19
21–30 1 * * 1 2

>30 
11 11 16 6 8 3 5 4 100All 

12 am June

A total of 390 observations analysed34
NE E SE S SW W NW All

Calm
km/h N
1–10 11 12 7 4 3 2 3 3 45

11–20 4 3 1 * * 2 5 1 17
21–30 * * * 1 1 1 3

>30 * *
16 15 8 5 4 4 9 5 100All 

12 am July

A total of 400 observations analysed30
NE E SE S SW W NW All

Calm
km/h N
1–10 10 13 6 3 6 2 4 1 44

11–20 5 2 2 * * 3 5 4 20
21–30 1 * 2 2 1 6

>30 
14 16 8 3 6 7 11 6 100All 

12 am August

A total of 402 observations analysed34
NE E SE S SW W NW All

Calm
km/h N
1–10 11 8 5 5 5 2 3 2 41

11–20 4 1 2 1 3 3 5 1 21
21–30 * * 1 1 1 4

>30 * *
16 9 7 6 8 6 9 4 100All 

12 am September

A total of 387 observations analysed27
NE E SE S SW W NW All

Calm
km/h N
1–10 6 4 5 4 15 3 5 2 44

11–20 2 1 2 2 6 4 7 1 25
21–30 1 1 2 1 4

>30 * *
8 5 7 6 21 8 13 4 100All 

12 am October

A total of 369 observations analysed18
NE E SE S SW W NW All

Calm
km/h N
1–10 3 2 2 6 21 4 1 1 41

11–20 1 * 6 7 16 3 2 3 38
21–30 1 * 1 1 1 4

>30 
4 3 9 13 37 8 5 4 100All 

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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12 am November

A total of 358 observations analysed10
NE E SE S SW W NW All

Calm
km/h N
1–10 2 1 3 8 16 3 3 1 37

11–20 1 * 9 8 20 7 2 2 48
21–30 1 2 1 * * * * 5

>30 * *
3 2 14 17 36 11 5 3 100All 

12 am December

A total of 372 observations analysed7
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 2 3 14 2 3 1 28

11–20 2 12 9 27 5 1 1 57
21–30 * 3 2 2 7

>30 
1 4 17 14 43 8 4 3 100All 

3 am January

A total of 389 observations analysed11
NE E SE S SW W NW All

Calm
km/h N
1–10 2 2 6 5 8 2 2 * 27

11–20 1 25 10 17 3 1 56
21–30 3 2 * 1 * 6

>30 
2 3 34 17 25 6 3 * 100All 

3 am February

A total of 366 observations analysed15
NE E SE S SW W NW All

Calm
km/h N
1–10 2 3 7 5 8 1 2 1 28

11–20 * 1 26 10 14 2 1 * 55
21–30 2 1 * 3

>30 
2 4 35 16 21 4 3 1 100All 

3 am March

A total of 395 observations analysed20
NE E SE S SW W NW All

Calm
km/h N
1–10 2 3 8 6 10 1 1 1 32

11–20 3 22 9 6 4 1 1 45
21–30 2 1 1 3

>30 
2 6 32 16 17 5 2 1 100All 

3 am April

A total of 389 observations analysed29
NE E SE S SW W NW All

Calm
km/h N
1–10 3 7 12 6 10 2 2 1 42

11–20 * 5 12 2 6 1 1 * 28
21–30 1 * * 1

>30 
3 12 26 8 16 3 3 1 100All 

3 am May

A total of 398 observations analysed31
NE E SE S SW W NW All

Calm
km/h N
1–10 8 17 12 5 5 1 1 1 50

11–20 1 6 4 1 1 2 2 17
21–30 1 * 1 1 3

>30 
10 23 16 6 5 2 4 4 100All 

3 am June

A total of 388 observations analysed28
NE E SE S SW W NW All

Calm
km/h N
1–10 10 18 8 3 3 3 3 1 49

11–20 4 4 2 * 2 4 2 19
21–30 * * 1 2 1 4

>30 
15 22 10 3 3 6 9 4 100All 

3 am July

A total of 400 observations analysed28
NE E SE S SW W NW All

Calm
km/h N
1–10 11 14 9 3 3 * 3 1 45

11–20 4 4 2 1 2 4 3 1 21
21–30 1 * 1 3 1 6

>30 * *
16 19 10 4 5 6 9 3 100All 

3 am August

A total of 402 observations analysed29
NE E SE S SW W NW All

Calm
km/h N
1–10 11 12 9 3 5 2 3 1 46

11–20 3 2 2 * 2 3 6 2 21
21–30 * * * 1 1 * 4

>30 * *
15 15 11 3 7 6 10 3 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.

Page 3 of 10

3 am September

A total of 388 observations analysed28
NE E SE S SW W NW All

Calm
km/h N
1–10 6 9 7 5 8 4 4 1 44

11–20 2 2 3 1 4 4 4 2 22
21–30 * 2 2 1 5

>30 * * 1
9 11 11 6 12 10 10 4 100All 

3 am October

A total of 370 observations analysed22
NE E SE S SW W NW All

Calm
km/h N
1–10 3 4 5 7 13 2 3 1 38

11–20 1 2 14 4 10 3 2 1 36
21–30 1 2 1 4

>30 * *
4 6 20 11 22 7 6 2 100All 

3 am November

A total of 358 observations analysed14
NE E SE S SW W NW All

Calm
km/h N
1–10 2 3 6 7 9 3 2 1 33

11–20 1 3 21 8 11 4 3 1 51
21–30 1 1 * * 2

>30 * *
3 5 28 16 20 8 5 2 100All 

3 am December

A total of 372 observations analysed9
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 5 5 12 2 3 2 32

11–20 * 3 22 9 17 2 1 1 54
21–30 * 2 * 1 1 * 4

>30 
1 5 29 14 29 5 4 3 100All 

6 am January

A total of 390 observations analysed10
NE E SE S SW W NW All

Calm
km/h N
1–10 2 3 6 8 7 2 2 * 29

11–20 * 2 28 10 12 2 1 55
21–30 4 * * 1 5

>30 
2 4 39 18 19 5 3 * 100All 

6 am February

A total of 367 observations analysed15
NE E SE S SW W NW All

Calm
km/h N
1–10 1 4 9 5 7 1 2 * 29

11–20 1 3 29 9 9 2 1 1 53
21–30 * 1 1 * 2

>30 
1 8 39 15 16 3 2 1 100All 

6 am March

A total of 399 observations analysed19
NE E SE S SW W NW All

Calm
km/h N
1–10 3 5 11 7 8 1 1 1 36

11–20 * 3 26 5 7 1 1 * 42
21–30 1 1 * * 2

>30 
3 8 39 12 15 2 1 1 100All 

6 am April

A total of 388 observations analysed27
NE E SE S SW W NW All

Calm
km/h N
1–10 5 11 15 6 5 1 1 1 46

11–20 1 5 13 1 4 1 1 * 26
21–30 1 * * 1

>30 
6 17 28 8 9 2 2 1 100All 

6 am May

A total of 402 observations analysed26
NE E SE S SW W NW All

Calm
km/h N
1–10 7 17 18 3 3 1 1 * 50

11–20 3 5 6 1 1 * 2 2 21
21–30 * * 1 1 2

>30 * *
10 23 24 3 4 2 4 3 100All 

6 am June

A total of 388 observations analysed27
NE E SE S SW W NW All

Calm
km/h N
1–10 9 19 11 4 3 2 1 1 49

11–20 3 4 1 * 2 2 5 2 19
21–30 * 1 1 2 1 4

>30 * *
12 24 12 4 4 4 8 4 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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6 am July

A total of 400 observations analysed24
NE E SE S SW W NW All

Calm
km/h N
1–10 9 20 10 3 4 2 4 2 52

11–20 5 4 1 2 2 4 2 19
21–30 1 1 * 1 3 1 6

>30 
14 25 11 3 6 5 10 4 100All 

6 am August

A total of 402 observations analysed24
NE E SE S SW W NW All

Calm
km/h N
1–10 10 17 7 2 4 1 2 2 47

11–20 3 4 4 1 3 2 6 2 26
21–30 * 1 * 1 1 3

>30 * *
13 21 11 3 8 4 10 4 100All 

6 am September

A total of 386 observations analysed26
NE E SE S SW W NW All

Calm
km/h N
1–10 6 13 10 5 6 2 3 1 46

11–20 3 3 3 * 3 4 5 1 22
21–30 * 1 1 3 1 6

>30 * *
9 16 13 5 10 7 12 3 100All 

6 am October

A total of 371 observations analysed23
NE E SE S SW W NW All

Calm
km/h N
1–10 5 6 11 5 9 1 2 2 41

11–20 2 2 12 3 7 4 2 1 33
21–30 * 1 * 1 * * 3

>30 
7 9 24 8 16 6 4 3 100All 

6 am November

A total of 357 observations analysed13
NE E SE S SW W NW All

Calm
km/h N
1–10 3 4 10 5 9 1 3 2 37

11–20 1 1 26 5 8 3 2 1 47
21–30 * 1 1 * 1 3

>30 
4 6 37 10 18 4 6 2 100All 

6 am December

A total of 372 observations analysed10
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 9 9 10 1 2 1 35

11–20 * 4 21 9 13 2 2 * 50
21–30 1 4 * 1 5

>30 
1 7 34 17 23 4 4 1 100All 

9 am January

A total of 390 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 3 2 4 3 5 2 1 1 20

11–20 1 6 29 11 12 3 3 2 66
21–30 * 3 5 2 1 2 14

>30 
4 11 38 16 18 7 4 3 100All 

9 am February

A total of 366 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 6 4 5 2 1 1 20

11–20 1 11 26 9 9 5 2 1 63
21–30 3 9 2 2 1 * 16

>30 * *
2 16 41 14 16 7 3 1 100All 

9 am March

A total of 403 observations analysed1
NE E SE S SW W NW All

Calm
km/h N
1–10 2 4 9 5 5 1 1 * 27

11–20 1 11 26 6 9 4 2 1 59
21–30 4 5 1 1 * * 13

>30 
2 19 40 13 15 5 3 1 100All 

9 am April

A total of 387 observations analysed3
NE E SE S SW W NW All

Calm
km/h N
1–10 5 11 15 6 5 1 1 2 44

11–20 3 10 21 3 5 1 2 1 46
21–30 2 3 * 1 * * 7

>30 
7 23 39 9 10 2 3 3 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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9 am May

A total of 402 observations analysed5
NE E SE S SW W NW All

Calm
km/h N
1–10 7 15 17 6 3 1 1 51

11–20 6 14 10 2 2 * 3 2 39
21–30 * 1 1 1 1 4

>30 * * * *
14 30 28 8 5 * 5 4 100All 

9 am June

A total of 389 observations analysed4
NE E SE S SW W NW All

Calm
km/h N
1–10 9 22 16 4 3 1 3 1 58

11–20 6 12 3 1 2 2 5 1 33
21–30 1 1 * 1 2 1 5

>30 
15 35 19 5 5 3 11 3 100All 

9 am July

A total of 401 observations analysed7
NE E SE S SW W NW All

Calm
km/h N
1–10 9 22 10 5 2 1 3 1 53

11–20 9 10 2 1 2 3 4 1 33
21–30 * 1 * 1 3 1 6

>30 * *
19 33 12 6 4 5 10 3 100All 

9 am August

A total of 400 observations analysed3
NE E SE S SW W NW All

Calm
km/h N
1–10 10 17 12 4 2 1 2 2 49

11–20 9 11 5 3 5 2 5 3 41
21–30 1 1 1 3 2 * 8

>30 
18 29 18 7 8 6 8 5 100All 

9 am September

A total of 387 observations analysed2
NE E SE S SW W NW All

Calm
km/h N
1–10 6 9 10 4 5 * 1 2 37

11–20 6 9 9 4 7 2 8 2 48
21–30 1 1 1 1 4 5 2 13

>30 
13 19 20 7 13 7 14 6 100All 

9 am October

A total of 370 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 3 5 7 6 4 1 1 1 28

11–20 3 5 14 9 13 4 4 4 55
21–30 * 3 5 1 2 2 2 2 17

>30 
6 13 27 16 18 6 6 7 100All 

9 am November

A total of 358 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 2 1 4 3 4 1 3 1 18

11–20 3 6 27 8 12 5 5 3 69
21–30 * 4 2 * 1 2 1 1 12

>30 * *
5 11 33 11 16 8 9 6 100All 

9 am December

A total of 372 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 3 * 4 3 6 3 1 * 19

11–20 2 5 22 10 13 5 4 1 62
21–30 * 5 5 1 3 2 1 * 18

>30 
5 10 31 14 22 9 6 2 100All 

12 pm January

A total of 390 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 3 2 5 2 1 1 16

11–20 5 16 12 10 12 10 1 67
21–30 * 1 2 2 5 6 1 1 17

>30 
2 7 21 15 20 20 12 2 100All 

12 pm February

A total of 367 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 4 2 4 2 1 1 15

11–20 1 9 20 9 12 12 9 2 74
21–30 * 2 1 1 5 1 * 11

>30 * *
2 10 26 13 16 19 11 3 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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12 pm March

A total of 399 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 4 4 5 2 2 1 19

11–20 2 11 19 7 10 10 9 2 70
21–30 * 1 3 1 1 3 1 * 11

>30 
3 13 26 12 16 15 12 3 100All 

12 pm April

A total of 390 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 3 4 4 3 5 6 2 2 28

11–20 3 11 14 5 10 6 9 3 62
21–30 1 2 3 1 1 1 2 9

>30 
6 16 21 8 16 14 12 6 100All 

12 pm May

A total of 399 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 5 6 7 4 2 2 2 2 30

11–20 10 17 10 3 6 2 6 6 58
21–30 1 2 1 * 2 3 2 12

>30 
16 24 18 7 8 6 12 10 100All 

12 pm June

A total of 390 observations analysed1
NE E SE S SW W NW All

Calm
km/h N
1–10 7 9 4 3 3 1 2 3 30

11–20 17 13 4 1 5 4 7 4 54
21–30 3 3 1 2 4 2 15

>30 
27 24 8 4 8 7 13 9 100All 

12 pm July

A total of 402 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 7 5 4 3 2 1 1 3 26

11–20 16 13 7 3 6 3 7 5 59
21–30 1 2 1 3 4 3 15

>30 * * 1
24 19 11 6 9 7 13 11 100All 

12 pm August

A total of 401 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 4 3 3 5 4 2 2 2 25

11–20 11 8 6 2 7 7 8 6 56
21–30 3 2 1 * 1 2 4 3 18

>30 * *
18 14 9 7 13 12 14 12 100All 

12 pm September

A total of 383 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 3 2 3 4 3 2 2 2 22

11–20 5 5 5 2 8 13 11 5 56
21–30 1 1 1 * 3 5 7 3 21

>30 * * * 1 2
9 8 9 6 14 20 21 12 100All 

12 pm October

A total of 369 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 2 4 3 2 1 1 17

11–20 3 3 10 5 14 15 10 3 63
21–30 * 1 2 * 3 5 5 3 19

>30 * * 1
4 6 14 10 20 22 17 8 100All 

12 pm November

A total of 353 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 2 2 4 3 2 2 * 1 15

11–20 1 3 12 9 10 14 14 3 66
21–30 1 2 * 3 6 4 3 19

>30 * *
3 6 18 12 14 22 18 7 100All 

12 pm December

A total of 370 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 2 2 2 * 1 8

11–20 1 4 14 10 12 17 13 2 72
21–30 * 1 4 1 2 10 2 1 20

>30 
2 6 19 12 16 27 16 3 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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3 pm January

A total of 392 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * * 1 1 * * 2

11–20 * 2 7 7 7 16 9 1 50
21–30 2 3 13 27 4 48

>30 1 1
* 2 9 11 21 43 13 1 100All 

3 pm February

A total of 365 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * * 1 1 * * 2

11–20 2 10 7 9 26 9 1 64
21–30 * 2 2 7 21 1 33

>30 1 1
* 3 13 10 16 47 10 1 100All 

3 pm March

A total of 402 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 3 2 2 1 1 * 12

11–20 * 2 11 9 8 20 10 1 63
21–30 * 2 2 2 18 1 * 25

>30 
1 4 16 14 12 39 13 2 100All 

3 pm April

A total of 389 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 5 2 3 1 2 1 16

11–20 * 4 11 5 8 25 14 4 72
21–30 * 1 1 2 7 1 1 12

>30 
1 6 17 7 14 34 17 5 100All 

3 pm May

A total of 401 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 3 4 6 3 5 3 4 1 30

11–20 4 7 10 2 7 11 11 7 59
21–30 1 * 1 * 3 2 4 11

>30 
8 11 17 5 12 17 18 12 100All 

3 pm June

A total of 389 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 5 4 4 2 5 3 5 3 30

11–20 9 11 5 1 4 9 12 6 57
21–30 1 1 1 2 5 3 12

>30 * *
15 15 9 3 9 15 22 12 100All 

3 pm July

A total of 403 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 5 4 4 3 3 4 3 3 30

11–20 9 7 5 2 5 9 9 8 56
21–30 1 * * 4 4 3 13

>30 * * * 1
15 12 10 5 9 17 17 15 100All 

3 pm August

A total of 401 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 2 2 2 3 4 2 18

11–20 4 5 5 1 5 16 15 12 63
21–30 * * 2 5 5 5 18

>30 
5 7 7 4 9 24 24 18 100All 

3 pm September

A total of 385 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 2 1 * 1 1 1 7

11–20 1 4 3 3 9 20 24 6 70
21–30 1 * 3 10 5 4 24

>30 
1 5 4 4 12 31 31 11 100All 

3 pm October

A total of 372 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 * 1 * * * 3

11–20 * 2 7 3 8 19 13 4 57
21–30 * * 1 1 10 17 5 4 39

>30 * * * 1
1 4 9 5 19 37 18 8 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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3 pm November

A total of 358 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 1 * * * 3

11–20 1 7 4 7 17 12 3 50
21–30 1 2 14 22 6 2 46

>30 1 * 1
1 9 7 22 39 18 4 100All 

3 pm December

A total of 370 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 * * 1 2

11–20 1 9 7 6 18 8 1 49
21–30 1 1 12 31 2 * 48

>30 * 1 1
1 11 8 18 49 11 1 100All 

6 pm January

A total of 391 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * * 1 1 1 1 3

11–20 1 5 3 10 25 4 1 49
21–30 * 2 2 13 31 * 48

>30 
1 7 5 24 57 5 1 100All 

6 pm February

A total of 365 observations analysed*
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 * 1 * * 3

11–20 1 7 4 9 30 2 1 54
21–30 2 4 9 27 42

>30 1 1
1 10 8 18 59 2 1 100All 

6 pm March

A total of 400 observations analysed1
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 2 1 3 4 2 * 13

11–20 1 11 7 12 35 4 1 70
21–30 * * 2 3 11 17

>30 
1 2 13 10 17 49 6 1 100All 

6 pm April

A total of 390 observations analysed2
NE E SE S SW W NW All

Calm
km/h N
1–10 2 7 3 5 13 4 1 35

11–20 * 2 9 3 12 27 3 2 59
21–30 * * 1 2 * * 3

>30 
* 3 16 7 18 42 8 4 100All 

6 pm May

A total of 399 observations analysed15
NE E SE S SW W NW All

Calm
km/h N
1–10 4 3 10 6 9 11 6 5 54

11–20 1 2 3 1 7 7 4 4 28
21–30 1 * 1 1 1 3

>30 * *
6 4 14 7 15 19 11 10 100All 

6 pm June

A total of 390 observations analysed26
NE E SE S SW W NW All

Calm
km/h N
1–10 7 6 6 5 7 5 6 6 47

11–20 4 1 1 3 6 5 1 22
21–30 * 1 * 1 2 1 5

>30 
11 7 7 5 11 12 13 8 100All 

6 pm July

A total of 402 observations analysed19
NE E SE S SW W NW All

Calm
km/h N
1–10 7 4 9 3 6 7 6 6 50

11–20 2 1 1 * 4 6 5 4 25
21–30 * 1 2 1 5

>30 * * 1
10 6 10 3 10 15 14 12 100All 

6 pm August

A total of 399 observations analysed7
NE E SE S SW W NW All

Calm
km/h N
1–10 5 3 5 2 4 14 8 4 42

11–20 2 1 3 2 7 15 8 9 45
21–30 * 1 2 1 2 6

>30 
7 4 7 3 12 30 17 14 100All 
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Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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6 pm September

A total of 387 observations analysed1
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 3 1 2 6 8 3 24

11–20 1 1 3 2 13 32 11 5 66
21–30 1 * 2 2 2 2 9

>30 * * 1
2 2 6 3 17 40 21 10 100All 

6 pm October

A total of 372 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 1 1 * 3 2 1 9

11–20 1 5 4 18 34 9 4 75
21–30 * 1 6 7 1 1 16

>30 * *
1 2 6 6 24 44 12 6 100All 

6 pm November

A total of 358 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * 1 * * 1 3

11–20 6 4 11 30 9 3 63
21–30 * 1 12 20 * 1 34

>30 
6 5 23 50 10 4 100All 

6 pm December

A total of 370 observations analysed
NE E SE S SW W NW All

Calm
km/h N
1–10 * * 1 1 2

11–20 1 6 4 8 22 6 47
21–30 2 2 14 32 1 51

>30 * *
1 9 6 22 55 7 100All 

9 pm January

A total of 390 observations analysed2
NE E SE S SW W NW All

Calm
km/h N
1–10 1 * 1 4 7 4 3 * 20

11–20 * 3 7 42 12 2 * 66
21–30 * 1 3 4 3 * 12

>30 
1 1 5 14 54 19 5 1 100All 

9 pm February

A total of 364 observations analysed4
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 4 9 6 4 * 25

11–20 1 5 7 38 9 1 * 62
21–30 2 2 2 3 * 9

>30 * *
1 1 8 14 49 18 5 1 100All 

9 pm March

A total of 399 observations analysed10
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 5 7 13 6 1 * 33

11–20 * * 7 7 31 8 1 * 53
21–30 * 1 1 1 4

>30 
1 1 12 15 44 15 2 1 100All 

9 pm April

A total of 386 observations analysed16
NE E SE S SW W NW All

Calm
km/h N
1–10 2 2 7 9 19 3 2 1 46

11–20 1 1 5 4 23 3 1 1 37
21–30 1 * * * 2

>30 
2 3 13 12 41 6 3 2 100All 

9 pm May

A total of 399 observations analysed31
NE E SE S SW W NW All

Calm
km/h N
1–10 6 5 10 8 10 1 3 2 45

11–20 2 1 2 1 8 1 3 2 21
21–30 * * * * 1 3

>30 * *
9 7 12 9 19 2 6 5 100All 

9 pm June

A total of 389 observations analysed38
NE E SE S SW W NW All

Calm
km/h N
1–10 8 8 6 5 7 2 2 2 40

11–20 5 3 1 1 2 4 2 18
21–30 * 1 2 1 4

>30 
12 11 7 5 8 5 8 5 100All 

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.



Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open • Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.
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9 pm July

A total of 404 observations analysed30
NE E SE S SW W NW All

Calm
km/h N
1–10 9 5 9 4 8 2 3 2 44

11–20 6 1 1 * 2 4 4 2 21
21–30 * * 1 2 * 4

>30 * *
16 6 11 5 11 7 10 5 100All 

9 pm August

A total of 402 observations analysed26
NE E SE S SW W NW All

Calm
km/h N
1–10 8 4 3 7 14 3 4 1 46

11–20 3 * 1 2 6 2 4 4 24
21–30 * * 1 1 1 4

>30 
12 4 4 10 21 7 9 6 100All 

9 pm September

A total of 386 observations analysed19
NE E SE S SW W NW All

Calm
km/h N
1–10 4 2 2 5 15 4 6 3 41

11–20 2 * 1 2 16 6 5 1 34
21–30 1 2 2 1 6

>30 
5 2 3 7 32 12 13 6 100All 

9 pm October

A total of 371 observations analysed6
NE E SE S SW W NW All

Calm
km/h N
1–10 2 1 1 3 10 7 4 2 30

11–20 1 * 3 7 39 5 3 3 60
21–30 2 1 1 4

>30 
3 1 3 10 51 12 8 5 100All 

9 pm November

A total of 358 observations analysed2
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 1 3 9 5 4 1 25

11–20 * 3 7 41 11 3 3 68
21–30 * 1 3 1 * 6

>30 
1 1 4 11 53 17 8 4 100All 

9 pm December

A total of 372 observations analysed1
NE E SE S SW W NW All

Calm
km/h N
1–10 1 2 3 7 4 2 1 20

11–20 1 1 5 6 40 15 3 71
21–30 1 1 4 2 8

>30 
1 1 7 11 51 22 6 1 100All 

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.



Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open • Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Frequency analysis using available data between Jan 1994 and Sep 2006 for

Values are percentage frequencies; * indicates the range has occurred but with a frequency of less than 0.5%.

Page 1 of 1

Summer

A total of 9019 observations analysed4
NE E SE S SW W NW All

Calm
km/h N
1–10 1 1 3 3 6 2 2 1 19

11–20 * 3 16 8 16 11 4 1 58
21–30 * 1 3 2 4 9 1 * 18

>30 * * * *
1 5 22 13 26 21 6 1 100All 

Autumn

A total of 9503 observations analysed13
NE E SE S SW W NW All

Calm
km/h N
1–10 3 6 9 5 7 3 2 1 36

11–20 2 5 12 4 8 7 4 2 44
21–30 * 1 1 1 1 2 1 1 7

>30 * * * * *
5 11 22 9 16 12 7 4 100All 

Winter

A total of 9534 observations analysed18
NE E SE S SW W NW All

Calm
km/h N
1–10 8 10 7 4 5 3 3 2 42

11–20 6 5 3 1 3 5 6 4 33
21–30 1 1 * * * 2 3 1 7

>30 * * * * * *
15 16 10 5 8 9 12 7 100All 

Spring

A total of 8911 observations analysed9
NE E SE S SW W NW All

Calm
km/h N
1–10 3 3 4 4 7 2 3 1 27

11–20 2 2 9 5 13 11 7 3 51
21–30 * 1 1 * 3 5 2 1 13

>30 * * * * *
4 6 14 9 22 18 12 6 100All 

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 1 of 8

12 am January 390 observations 12 am February 367 observations 12 am March 399 observations

12 am April 388 observations 12 am May 400 observations 12 am June 390 observations

12 am July 400 observations 12 am August 402 observations 12 am September 387 observations

12 am October 369 observations 12 am November 358 observations 12 am December 372 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 2 of 8

3 am January 389 observations 3 am February 366 observations 3 am March 395 observations

3 am April 389 observations 3 am May 398 observations 3 am June 388 observations

3 am July 400 observations 3 am August 402 observations 3 am September 388 observations

3 am October 370 observations 3 am November 358 observations 3 am December 372 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 3 of 8

6 am January 390 observations 6 am February 367 observations 6 am March 399 observations

6 am April 388 observations 6 am May 402 observations 6 am June 388 observations

6 am July 400 observations 6 am August 402 observations 6 am September 386 observations

6 am October 371 observations 6 am November 357 observations 6 am December 372 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 4 of 8

9 am January 390 observations 9 am February 366 observations 9 am March 403 observations

9 am April 387 observations 9 am May 402 observations 9 am June 389 observations

9 am July 401 observations 9 am August 400 observations 9 am September 387 observations

9 am October 370 observations 9 am November 358 observations 9 am December 372 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 5 of 8

12 pm January 390 observations 12 pm February 367 observations 12 pm March 399 observations

12 pm April 390 observations 12 pm May 399 observations 12 pm June 390 observations

12 pm July 402 observations 12 pm August 401 observations 12 pm September 383 observations

12 pm October 369 observations 12 pm November 353 observations 12 pm December 370 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 6 of 8

3 pm January 392 observations 3 pm February 365 observations 3 pm March 402 observations

3 pm April 389 observations 3 pm May 401 observations 3 pm June 389 observations

3 pm July 403 observations 3 pm August 401 observations 3 pm September 385 observations

3 pm October 372 observations 3 pm November 358 observations 3 pm December 370 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 7 of 8

6 pm January 391 observations 6 pm February 365 observations 6 pm March 400 observations

6 pm April 390 observations 6 pm May 399 observations 6 pm June 390 observations

6 pm July 402 observations 6 pm August 399 observations 6 pm September 387 observations

6 pm October 372 observations 6 pm November 358 observations 6 pm December 370 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
Copyright © Commonwealth of Australia 2006      Prepared on 28 September 2006
We have taken all due care but cannot provide any warranty nor accept any liability for this information.



Calm

N
NE

E

SE
S

SW

W

NW

Calm 1–10
km/h

11–20 21–30 >30

20%
40% calms

Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open
Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for Page 8 of 8

9 pm January 390 observations 9 pm February 364 observations 9 pm March 399 observations

9 pm April 386 observations 9 pm May 399 observations 9 pm June 389 observations

9 pm July 404 observations 9 pm August 402 observations 9 pm September 386 observations

9 pm October 371 observations 9 pm November 358 observations 9 pm December 372 observations
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by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
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Perth Metro
Site Number 009225 • Locality: Mount Lawley • Opened Feb 1993 • Still Open • Latitude 31°55'09"S • Longitude 115°52'22"E • Elevation 24.9m

Wind Roses using data between Jan 1994 and Sep 2006 for

Page 1 of 1

Summer 9019 observations Autumn 9503 observations

Winter 9534 observations Spring 8911 observations

Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology. Contact us
by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au
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Wind Frequency Analyses and Wind Roses
The included set of wind frequency analysis tables or wind roses show the frequency with 
which winds of various strengths have been observed coming from various directions. These 
notes should help you to use the information.

Data
Wind speed and direction are measured by a number of means. In some cases, they are only estimated. To find out 
exactly which method has been used, a search of the appropriate station history file would be required.
Wind measurement is particularly sensitive to changes in site, exposure and instrumentation. Observations from a site 
may differ significantly from the conditions in the surrounding area, and past records are not always directly 
comparable with current measurements.
The data are collected by the National Climate Centre in the Bureau of Meteorology's Melbourne head office. They are 
stored in ADAM (the Australian Data Archive for Meteorology), an extensive computer database of meteorological 
observations. As the observations are stored, basic checks are performed. Any observations that fail these tests 
(specifically, any whose quality flag is poorer than "4 - estimated, medium certainty") are excluded from the frequency 
analyses that follow.

Analysis
The data are collated in a number of ways, depending on the nature of your request.
To group by hour, the observations are assigned to the closest standard three-hour reporting time. For example, all 
observations between 7:30 am and 10:30 am local standard time are labeled "9 am". If a seasonal grouping has been 
requested, then "autumn" is March, April and May, "winter" is June, July and August, "spring" is September, October 
and November, and "summer" is December, January and February.
The observations are then grouped by speed. The exact number of speed ranges and their size depends on your 
request. When the speed ranges are labelled, "1 - 10" is used for all speeds greater than 0 but less than or equal to 10. 
"11 - 20" means greater than 10 but less than or equal to 20.
The data are then grouped by direction; into 8 or 16 bins as requested. When doing this, observations that fall on bin 
boundaries are split equally between the two bins. For example, when grouping into 8 bins, a direction of "NE" covers 
all observations with directions strictly between NNE and ENE; "E" covers from ENE to ESE.  If the direction is exactly 
ENE (67.5°), then it will be placed half in the "NE" bin and half in the "E" one.

Tables
If you have requested wind frequency tables, you will get a separate table for each time group. Each table shows the 
time to which it applies, and the total number of observations used at that time. The percentage frequency with which 
calm conditions (that is, no wind) are observed are displayed at the top left of the table.
The rest of the table is laid out with directions across and speeds down. To find the frequency with which winds of a 
given speed and direction occur, follow down the appropriate direction column and across the speed row until they 
intersect. The value printed there is the frequency you require. For example, a value of "14" indicates that this 
speed/direction group occur about 14% of the time. "*" indicates the range has occurred but less than 0.5% of the time.
The last column, labeled "All", gives the frequency of each speed range regardless of direction. Similarly, the last row 
gives the frequency of each direction, regardless of speed.

Roses
Wind Roses seek to make the data in a wind frequency table easier to digest. Although not ideal for quantitative work, 
they are good for providing a quick visual impression of the wind regime.
Like the tables, there is one wind rose for each time group that you requested. Each rose consist of a central circle, 
surrounded by branches, each made up of a number of petals.
The circle represents the frequency of calm conditions. The size of the circle is proportional to the number of calms; a 
scale is given in the legend at the top of the page.
Each branch represents the wind coming from that direction. North is to the top, and the other directions are shown in 
the legend. In each case, the wind is blowing from that direction toward the calms circle. Each petal corresponds to a 
speed range from that direction. The length of the petal is proportional to the frequency of that wind; the scale is shown 
in the legend. The thickness of the petal is used to indicate which speed range it represents.



More Information
Prepared by Climate Service Centre in the WA Regional Office of the Bureau of Meteorology
Contact us by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wa@bom.gov.au

Copyright and Disclaimer
All the tables and roses are Copyright © Commonwealth of Australia 2006. We have taken all due care but cannot 
provide any warranty nor accept any liability for this information.



 

 

Appendix F 
Copy of DEC Letter, Dust and Air Quality 

Management for ANI Bradken 
Dust and Asbestos Management Plan 

Cygnia Cove, Waterford 






