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C/- Richard Noble and Company 
Level 1 
189 Hay Street 
SUBIACO   WA   6008 

 

Attention: Alex Gregg 

 

Dear Alex  

 

RE: GROUNDWATER MONITORING AND GROUNDWATER MANAGEMENT PLAN, CYGNIA 
COVE, WATERFORD 

The attached Groundwater Monitoring and Groundwater Management Plan for Cygnia Cove, Waterford 
is intended to satisfy the first component of Proponent Commitment No. 4 for Ministerial Statement 692 
(Prepare Groundwater Management Plan). This report has been revised to address comments made by 
the site auditor.  

The second component of Proponent Commitment No. 4 involves the development of a Dewatering 
Program. It is intended that this will be completed at a later date, and will be lodged with the application 
for a dewatering licence. 

If you have any further queries, please contact myself or Paul Zuvela on 9355 7100. 

For and on behalf of Coffey Environments Pty Ltd 

 

Pamela Lee  
Environmental Scientist 
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1 INTRODUCTION  

1.1 Background and Site Identification 

This report presents historical groundwater monitoring data (2003/2006) and a baseline assessment of 
groundwater quality (2008) prior to remedial works being undertaken at the Cygnia Cove site (formerly 
known as East Clontarf). The Cygnia Cove site is located south of Manning Road in the suburb of 
Waterford (Figure 1) and comprises Pt. Lot 83 and Lots 501 and 829 Manning Road, Waterford.   

Historical and baseline groundwater monitoring data has been assessed to establish a groundwater 
monitoring and contingency plan to maintain groundwater quality during remedial works at the site.  

The site is located approximately 8km south-east of the Perth central business district, and the area of 
the site is approximately 20ha. The coordinates of the centre of the site are approximately 395,730mE 
and 6,457,300mN. Copies of the current Certificates of Title for Lots 501, 83, and 829 Manning Road 
are presented in Appendix A. 

Clontarf Bay on the Canning River forms the southern boundary of the site, and approximately 30% of 
the site comprises a Resource Enhancement category wetland that 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.   

The topography of the site has historically been modified and the original size of the wetland has been 
reduced. During the 1940s, pine plantations and market gardens were present at the site. Drainage 
channels were also created and maintained to assist in reducing groundwater 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 Previous Investigations 

Coffey Environments (then as 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, 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 2002/92.  Prepared for Trustees of the Christian Brothers, December 2003. 
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The site was formally assessed under the Environmental Protection Act 1986, and a Public 
Environmental Review (PER) of the proposed development was prepared and released for public 
comment in June 2004.  Reports associated with the formal assessment process include the following: 

Clontarf Residential Subdivision, Waterford, Public Environmental Review Environmental 
Scoping Document Assessment No. 1467 (ATA, 2003c) ATA Environmental Report 2003/39.  
Prepared for Trustees of the Christian Brothers, October 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, 2006) ATA Environmental Report 2006/82. Prepared for Trustees of the Christian Brothers,  
April 2006. 

In accordance with Ministerial Statement No. 692, the following management plans have been 
prepared. 

Dust and Asbestos Management Plan (Coffey, 2009) Coffey Environments Report 2006/225,  
Version 9, prepared for Trustees of the Christian Brothers. 

Acid Sulfate Soils Management Plan, Cygnia Cove, Waterford (Coffey Environments, 2010a) 
Coffey Environments 2006/129, Version 7, prepared for Trustees of the Christian Brothers. 

Site Remediation and Validation Management Plan, Cygnia Cove, Waterford (Coffey, 2010b) 
Coffey Environments Report 2006/130, Version 7, prepared for Trustees of the Christian Brothers.  
 

1.3 Proposed Site Works 

It is proposed to develop the site for residential use with public open space (POS), and retain the 
western portion of the existing wetland (Figure 2). Remedial works will be required prior to development 
in order to remove geotechnically unsuitable material (uncontrolled fill) which locally exceeds 
Department of Environment and Conservation (DEC) EIL guidelines for metals, and contains some 
asbestos sheeting. 

1.4 Objective and Scope of Works 

As part of Ministerial Statement No. 692, the Trustees for the Christian Brothers have committed to the 
preparation of a Groundwater Management Plan.  More specifically, Proponent Commitment No. 4 
states: 

“(1)  Prepare a Groundwater Management Plan as a component of the Construction Environmental 
Management Plan (CEMP) to the satisfaction of the DoE, Swan River Trust and Water 
Corporation” which will include: 

1. Determining the nature and extent of groundwater contamination; 
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2. Installation of 2 additional monitoring bores; 

3. Quarterly sampling of both additional and existing monitoring bores for a 12-month period; 

4. Groundwater flow characteristics; and 

5. Groundwater contamination plume management. 

(2) Develop a Dewatering Program as a component of the CEMP to the satisfaction of the DoE.” 

In order to fulfil the first part of this commitment the following scope of works was undertaken: 

 Installation of two additional bores (2006);  

 Repair/reinstallation of damaged groundwater monitoring bores; and 

 Quarterly sampling for a 12 month period.  

In order to satisfy auditors requirements, the following additional works were undertaken:   

 Installation of six additional bores (2008);  

 Repair/reinstallation of damaged groundwater monitoring bores; and  

 Completion of a baseline groundwater monitoring programme.  

The work undertaken has culminated in the production of this Groundwater Management Plan. 

A Dewatering Management Plan detailing the dewatering program will also be prepared at a later date 
to ensure that works will be undertaken in a manner that minimises negative impact to the wetland and 
Canning River environment; thereby fulfilling the second part of Proponent Commitment 4. 
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2 ENVIRONMENTAL SETTING 

2.1 Site Observations 

The site is surrounded by the following land uses: the Clontarf Aboriginal College to the west, 
residential to the north and east, Centennial Park (a former landfill) to the south-east and foreshore 
reserve and river to the south.  

2.2 Topography and Geology 

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, and a mound 
of up to 6m high is present in the south-east corner of the site. The south-eastern boundary of the 
Cygnia Cove Estate site with the adjacent former landfill site comprises a steep 5m embankment due to 
the presence of built-up landfill material.  

The natural surface geology over the majority of the site (excluding the wetland) is mapped by  
Jordan (1986) as comprising Unit S8, Bassendean Sand (of the Superficial Formation).  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). 

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 wetlands, 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). Contaminants identified in fill material will result in its 
removal, as shown on Figure 3. 

Natural soils encountered during site investigations 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 (2002c). However, instead of peat 
adjacent to the foreshore, Coffey Environments (formerly ATA) identified clayey and silty soils matching 
the description of Guildford Formation (Jordan, 1986) at shallow depth beneath the Bassendean Sand 
unit (ATA, 2002c). 

The hydrogeology and surface hydrology of the site has been subject to investigation by JDA 
Consultant Hydrologists (JDA, 2004). A copy of this investigation is presented as Appendix B in this 
report.  

2.3 Hydrogeology 

The following summarises the findings presented in the detailed hydrogeological assessment 
undertaken by JDA and included as Appendix B. 
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Superficial Aquifer 

The groundwater flow direction in the superficial aquifer in the vicinity of the site is primarily southerly 
towards the Canning River.  As a result groundwater flows enter the site along its northern boundary 
with Manning Road.  There appears to be slight westerly components in the flows due either to the 
influence of the wetland and its discharge to the Canning River on the western side of the site or a slight 
topographic influence associated with the closed landfill on the south-eastern boundary of the site 
(Centenary Park).  These influences can be inferred from the groundwater contours presented in  
Figure 4 and Figure 11.  

Groundwater within the Superficial Formation is located between 0.373m and 3.820mAHD, and 
discharges to the Swan-Canning River system along the southern boundary of the site and also into the 
wetland along its northern boundary. Groundwater flow is typically in a southerly direction towards the 
Canning River. Field observations indicate that a water table gradient of approximately 1.5m exists 
across the wetland within the Superficial Aquifer (JDA, 2004). The depth to the water table is dependent 
on the surface topography and varies from around 0.5 m on the southern boundary of the site to 6-7m 
along the northern boundary of the site. 

The water table in the wetland and south to the Canning River is effectively controlled by the natural 
surface, and is in a region of groundwater discharge. There is no evidence that the peat beneath the 
wetland acts as a groundwater flow barrier (JDA, 2004). 

Leederville Aquifer 

The Leederville Aquifer underlies the Superficial Formation at a depth of approximately 25m below the 
ground surface, and is up to 300m thick locally. Within the vicinity of the site, a confining layer exists 
between the Superficial and Leederville aquifer, and therefore leakage between the two is negligible. 
The Leederville Aquifer is fresh beneath the site (Davidson, 1995). 

2.4 Surface Hydrology 

A detailed description of the hydrology of the site is provided in Appendix B.  This section briefly 
summarises the main findings presented in JDA’s report titled East Clontarf Hydrological  
Investigation (2004). 

The Cygnia Cove development site contains a large wetland, which is designated as a Resource 
Enhancement management category feature according to the DEC’s Geomorphic Wetlands Swan 
Coastal Plain dataset (http://apostle.environment.wa.gov.au; last accessed October 2006). Coffey 
Environments (formerly ATA) has conducted site specific investigations into the extent and nature of 
wetlands at the site, which resulted in modified wetland boundaries and classifications that have been 
accepted by DoE, as shown in Figure 6 of the PER document (ATA, 2004a).  

The wetland receives surface water discharges from the surrounding road drainage network and 
therefore acts, in part, as a compensating basin for these drainage flows. The wetland functions to 
some extent as a flow-through wetland (JDA, 2004). The wetland has a relatively constant discharge to 
the Canning River from a drainage line in its south-west corner.  Observations on-site over many years 
and at different seasons confirm that the rate of discharge is reasonably constant and in the range of 
10-20 Litres/second. 

The volume of discharge from the wetland to the Canning River far exceeds the surface water inputs 
and as a result it is concluded in the JDA investigation that there is a significant diffuse groundwater 
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inflow to the wetland from the Superficial Formation along the wetland’s northern boundary, and that 
drainage flow to the Canning River, is from this source rather than aquifer discharge to the drainage 
channel down-gradient of the wetland (JDA, 2004).  
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3 CONCEPTUAL SITE MODEL 

3.1 Introduction 

As per DEC (2006), a Conceptual Site Model (CSM) identifies the nature and extent of contaminated 
media and describes the pathways by which exposure to the identified 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 an 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 overall risk management strategy.  

Cygnia Cove, formerly known as the East Clontarf development site, is located south of Manning Road, 
at the corner of Centenary Avenue, in the suburb of Waterford (Figure 1). The site encompasses an 
area of approximately 20ha and is bordered to the south by Clontarf Bay on the Canning River, to the 
west by Clontarf Aboriginal College, to the north-west by Curtin University and both to the north and 
east by residential housing (Figure 1). Centennial Park (a former landfill site) is east of Centennial 
Avenue. A Resource Enhancement category wetland trends east-west across the northern central 
portion of the site and a foreshore reserve forms the southern boundary between the site and Clontarf 
Bay. The site is currently unused and is intended to undergo remedial works to remove geotechnically 
unsuitable fill material (uncontrolled fill) prior to redevelopment as a residential subdivision and public 
open space (POS), as shown in Figure 2.  

The following sections review the contaminants of potential concern identified 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. Sections 3.5 and 3.6 discuss 
the impacts to human health and the environment, respectively. Section 3.7 discusses the changes to 
the CSM and the potential risk to human health and the environment following remedial works and 
redevelopment of the site as a residential subdivision and POS.  Two Conceptual Site Models (CSM) 
are presented in Appendix H for the site under current/remedial conditions (Model A) and as post-
remedial final land uses (Model B), respectively.  

It is noted that this CSM aims to satisfy Commitment number 6 in Schedule 2 of Ministerial Statement 
No. 692 requiring the 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.  

3.2 Contaminants of Potential Concern (COPCs) 

A number of soil and groundwater investigations at the site identified contaminants in soil and 
groundwater at concentrations equal to, or in exceedance of, relevant assessment criteria, where 
available. All soil samples 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 included several metals (arsenic, cadmium, 
chromium, lead, and zinc), pesticides (dieldrin), and chrysotile and/or crocidolite asbestos. These 
COPCs have been found primarily in upper soil layers and areas of uncontrolled fill. The samples which 
exceeded the assessment criteria are summarised in Table A.  
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TABLE A 
SOIL SAMPLES EXCEEDING ASSESSMENT CRITERIA 

Sample 

Location 

Depth Interval 

(m) 

Soil Type Contaminant Concentration 

(mg/kg) 

EIL1 (mg/kg) 

EC CTP10  0-0.5 Uncontrolled fill Dieldrin 0.23 0.2 

TP 34 0.3 Uncontrolled fill Asbestos 

chrysotile 

Detected NA 

TP 39 0.5 Sand Asbestos 

chrysotile 

Detected NA 

TP 46 0.5 Uncontrolled fill Zinc 610 200 

TP 48 0.2 Uncontrolled fill Lead 460 300 

TP 55 0.5 Uncontrolled fill Arsenic 22 20 

TP 56 0.5 Sand Cadmium 9.4 3 

TP 60 0.5 Uncontrolled fill Zinc 230 200 

TP 73 0.5 Uncontrolled fill Asbestos 

chrysotile  and 

crocidolite 

Detected NA 

Zinc 380 200 

TP 75 (Dup) 1.0 Uncontrolled fill Dieldrin 0.2 0.2 

TP 76 0.2 Uncontrolled fill Asbestos 

chrysotile 

Detected NA 

TP 90 1.5 Mottled sandy clay Chromium 50 50 

TP 113 0.5 Mottled sandy clay Chromium 51 50 

TP 120 0.5 Uncontrolled fill Zinc 200 200 

TP 121 0.5 Uncontrolled fill Zinc 620 200 

TP 139 1.5 Mottled sandy clay Chromium 50 50 

1 Ecological Investigation Levels as listed in Assessment Levels for Soil, Sediment and Water (DoE, 2003), unless otherwise 
noted.  
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Groundwater on-site naturally flows towards the south and slightly south-south-westerly (ATA, 2003b).  
Surface water from the wetland has a relatively constant discharge to the Canning River from a 
drainage line in its south-west corner (Coffey Environments, 2010a).  

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 and ARMCANZ, 2000). Where no Fresh Waters guidelines 
existed, monitoring results were screened using Drinking Water Guidelines specified in Australian 
Drinking Water Guidelines (NHMRC and 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, included several metals (aluminium, arsenic, cadmium, chromium, copper, mercury, nickel, zinc), 
pesticides (DDE, dieldrin), TPH (C15-28), and various nutrients (total phosphorus, ammonia-N, NOx-N, 
and total nitrogen).  

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 B.   

TABLE B 
CONTAMINANT SOURCES AND AREAS OF POTENTIAL CONCERN 

Source Area of Concern COPCs and Environmental Media 

Off-Site Sources 

Former and current land 

uses (e.g. residential 

septic tanks) 

Up-gradient (north of 

the site) 

Metals (Al, As, Cr, Cu, Hg, Ni, Zn), TPH, pesticides 

(DDE), various nutrients (total phosphorus, total 

nitrogen, NH3-N, 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) 

Metals (Cd, Cr, Cu, Ni, Pb, Zn), dieldrin, various 

nutrients (total nitrogen, total phosphorus, NH3-N,  

NOx-N) (groundwater); 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 
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TABLE B 
CONTAMINANT SOURCES AND AREAS OF POTENTIAL CONCERN 

Source Area of Concern COPCs and Environmental Media 

On-Site Point Sources 

Fill material   Historical placement of 

fill materials across the 

site 

Asbestos, Metals (As, Cd, Cr, Pb, Zn), organochlorine 

pesticide (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 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 

Metals (Al, As, Cr, Cu, Ni, Zn), various nutrients (total 

phosphorus, ammonia-N, NOx-N), pesticide (DDE) in 

groundwater 

3.3.1 Off-Site Sources 

Impacted groundwater migrating beneath 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, 2010a). 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 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, although there is no evidence to support his in the 
soil sampling results. 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.  
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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 Assessment Under Current and Remedial Site Conditions 

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 currently unused and is considered private property 
(excluding the foreshore reserve area). An access track is located along the western boundary of the 
site and the wetland comprises the central part of the site.  The site is scheduled to undergo remedial 
works in order to remove geotechnically unsuitable fill material (uncontrolled fill) and asbestos from 
across the site. Potential receptors located on the site, near or down-hydraulic gradient from the site, 
with potential for exposure currently or during remedial works, are as follows: 

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

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

 On-site construction worker (during 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 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. Adverse health 
effects may be associated with chemical exposure via inhalation, ingestion and/or direct contact.  
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An exposure pathway consists of the following elements: 

 A source and mechanism for release; 

 A storage and/or transport medium (e.g. contaminants stored in soil, volatilise and are transported 
into the atmosphere); 

 An exposure point, where the receptor comes in contact with the contamination; and 

 An exposure route (e.g. inhalation or dermal absorption).  

The physico-chemical characteristics of the COPC and the behaviour of the population of interest will 
determine the method of exposure and subsequent systemic absorption. An evaluation of the potential 
exposure pathways previous to, and during, the site remedial works are presented in Tables C and D.  

A schematic of the conceptual site model is provided in Appendix H (Model A - Pre-Remediation) 
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 C 
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  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE C 
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 

of particulate 

 

 Dermal 

 

 Incidental 

Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Guildford 

Formation 

soils 

Naturally-occurring 

metals at depth 

Direct 

contact 

 Inhalation 

of particulate 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

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

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 
Source Release 

Mechanism 

Exposure 

Point 

Exposure 

Route 

Acid sulphate 

soils 

Disturbance during 

remedial works 

Direct and 

indirect 

contact  

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

Former landfill Migration 

(leaching) onto 

site 

Direct 

contact 

 Inhalation 

 

 Dermal 

 

 Ingestion 

 

 Recreational visitor  

 Maintenance worker  

 Construction 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 3.4.3 and    
3.4.4 for a discussion of the complete and excluded exposure pathways.  
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TABLE D 
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  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

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  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

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

Exposure Pathway 

Receptors 

Potential for 

Complete 

Pathway1 
Source Release 

Mechanism 

Exposure 

Point 

Exposure 

Route 

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  

 Construction 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  

 Construction worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  

 

 

 

 

 

 

 



Groundwater Monitoring and Management Plan 

Cygnia Cove, Waterford, WA 

Coffey Environments 
ENVIPERT00209AA_GWMP_Reporting-R01-V2 
12 January 2010 

17

TABLE D 
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  

 Construction 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 3.4.3 and    
3.4.4 for a discussion of the complete and excluded exposure pathways.  

3.5.3 On-Site Impacts 

An evaluation of the potential exposure pathways (Tables C and D) suggests complete exposure 
pathways may presently exist, or be created during proposed remedial works for on-site visitors, 
remediation and construction 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 result in the release of 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 and construction workers and users of the access track on-site, as well as 
residents and students off-site.  

Maintenance workers and construction workers may also be exposed to COPCs via inhalation of 
particulate, incidental ingestion and dermal contact with both the soil and groundwater (via the latter two 
exposure routes) 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.  
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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 establishment of lawns and 
gardens of the proposed residential development but is not proposed to act as a long term source of 
irrigation water. Abstracted groundwater will also be used 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 
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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 
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 (Coffey Environments, 2008a).  

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 (Coffey 
Environments, 2008b). 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), an exposure point and an exposure route 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 E.  
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TABLE E 
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 E 
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 E 
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 E) 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, 2008b). 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 B 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 F.  

TABLE F 
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  

Former landfill site Cross and slightly up-gradient 

(across north-eastern border of the 

site)  

Groundwater 

Surface drainage piped into 

wetland 

Cross and slightly up-gradient 

(across north-eastern border 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 
the impact to human health and the environment. The residential development will be on scheme water 
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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, 2008a), 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 G 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 G 
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 

» Site Safety Plan 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

 Off-site angler  
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TABLE G 
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 

» Site Safety Plan 

 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  

 Subdivision residents  » Contaminated Sites 

Reporting Guideline for 

Chemicals in 

Groundwater 

(DOH, 2006) 

» Site Safety Plan 

 Recreational visitor  

 Maintenance worker  

 Off-site visitor  

 Off-site residents  

 Off-site swimmer  

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

Exposure Pathway 
Complete 

Pathway1 

Associated 

Management Plan(s) 
Source Release Mechanism Potential Receptors 

Guildford 

Formation soils 

Naturally-occurring 

metals (chromium) at 

depth 

 Subdivision residents  Not applicable 

» Site Safety Plan 
 Recreational visitor  

 Maintenance worker  

 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.  

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 use.  

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 potential risk to human health or 
the environment.  
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4 HISTORICAL GROUNDWATER MONITORING 

Groundwater on the site has been monitored over a number of years with between five and seven 
shallow monitoring bores located along the northern, eastern and southern boundaries.  The monitoring 
bore locations were selected to provide information on: 

 The groundwater quality entering the site from the north with the local groundwater flow  
(MW1-MW3). 

 The impact of the community market garden to the north (MW3). 

 To identify the potential for impacts from the former landfill located adjacent to the south-eastern 
boundary of the site (MW4). 

 The quality of groundwater exiting the site to discharge into the Canning River (MW5-MW7). 

No bores screened deeper in the aquifer have been constructed in view of the absence of specific 
evidence of activities that would contribute to significant levels of contamination or subsurface 
infrastructure such as tanks or pipe work that may result in the discharge of contaminants deeper in the 
aquifer.  The primary purpose of the monitoring program is to assess the quality of water entering the 
site on its northern and eastern boundaries and discharging from the southern boundary into the 
Canning River. 

This report also demonstrates compliance with Proponent Commitment No. 4 of Ministerial  
Statement 692, which indicated that a groundwater monitoring program would be undertaken on a 
quarterly basis for the period of one year in order to establish a baseline for groundwater quality at the 
site.  

The groundwater monitoring program involved the following:  

 Installation of two additional bores; and 

 Quarterly sampling for a 12 month period. 

4.1 Groundwater Monitoring Bore Network 

Groundwater monitoring bores MW1, MW2, MW3, MW4 and MW5, which were originally installed as 
part of the detailed site investigation (ATA, 2003b), were present on-site upon the commencement of 
monitoring. The two additional groundwater monitoring bores MW6 and MW7 were installed along the 
southern margin of the site, close to the Canning River (Figure 3). During the first quarterly sampling 
event for this program, it was discovered that bores MW1 and MW2 were damaged. Monitoring bore 
MW1 was damaged beyond repair and was therefore reinstalled, whereas MW2 was repaired by cutting 
off and replacing the PVC standpipe. These works were undertaken on 15 March 2006. Bore logs for all 
monitoring wells are presented in Appendix C. 

4.1.1 Groundwater Levels 

Standing water levels (SWL) recorded for the monitoring period are consistent with values reported by 
JDA (2004). Groundwater levels were highest in the September 2006 round (consistent with the 
estimated AAMGL from JDA, 2004), and lowest in the March 2006 round.  Groundwater contours from 
the March 2006 round (Figure 4) indicate that the general direction of groundwater flow is southerly, 
towards the Canning River. A summary of groundwater levels is presented in Appendix E.  
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4.2 Groundwater Sampling Methodology 

4.2.1 Sampling Procedure 

Prior to collecting the groundwater sample, the standing water level (SWL) was measured (from the top 
of well casing, to the nearest mm) using an electrical depth-to-water indicator.  

The monitoring bore was then purged and sampled using a low-flow pump.  In order to ensure samples 
were representative of groundwater within the aquifer, readings of pH, conductivity, and dissolved 
oxygen were taken and samples were only collected when three successive readings had stabilised to 
within ±0.1, ±3% and ±10% of the previous value, respectively.  

Once filled, the sample container was placed in an esky with ice and transported to the laboratory 
immediately upon completion of the sampling day. The container was packed appropriately to ensure 
that no damage to the integrity of the container occurred during transport to the laboratory. 

Chain of Custody documentation and the analytical certificates for all groundwater analyses are 
presented in Appendix D. 

During the first two sampling rounds (i.e. March and July 2006), both unfiltered and field filtered 
samples were collected for metals samples. The samples were filtered using a 0.45µm filter. Both 
filtered and unfiltered samples were subject to laboratory analysis in March 2006, however, only 
unfiltered samples were analysed in July 2006. For the remainder of the monitoring program, only 
unfiltered samples were collected and subject to analysis, in order to give a worst-case representation 
of groundwater quality. A discussion of the variance between filtered and unfiltered samples obtained in 
March 2006 is provided in Table 8 (Appendix F) and discussed in Section 4.3.2.  

4.2.2 Field Quality Control 

To decrease the chances of cross-contamination, all sampling equipment in contact with groundwater 
(i.e. low-flow pump, water level meter and water quality meter) was decontaminated prior to and after 
use. This involved washing with a solution of “PyroNeg” detergent and tap water, followed by a rinse 
with tap water and then with deionised water. It is noted that the dip metre length was not included in 
the decontamination procedure and as such there is the potential for a nominal degree of cross 
contamination to have occurred during historic groundwater gauging events. Measures were taken 
during the baseline groundwater monitoring in 2008 to address this (see Section 5).  

For the low-flow pump, new, unused sampling hose was cut to length and used at each monitoring bore 
location, and the plastic bladder was replaced thus eliminating the potential for cross-contamination via 
these routes. Due to the use of these measures, a rinsate blank was not considered necessary. In 
addition, sample collection personnel wore disposable nitrile gloves that were replaced between each 
sampling location. The following quality control samples were collected: 

 Field Duplicate: collected at a rate of one sample in 20. 

 Field Blank each sampling day. 

 Trip Blank each sampling day. 

The field duplicate samples are used to assess field and analytical precision, and the precision 
measurement is assessed using the relative percent difference (RPD) between the duplicate sample 
results.  
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                                                    RPD =     X1 - X2      x 100 

                          (X1 + X2)/2 

Generally, it is recommended that the RPD is less than 30-50% (Standards Australia, AS 4482.1-2005). 

4.2.3 Analytical Suite 

In order to establish the baseline water quality for the site, samples were analysed for an extensive 
suite of parameters, as follows: 

 A suite of metals (Al, As, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Zn); 

 Organochlorine (OC) and organophosphorus (OP) pesticides; 

 Total Petroleum Hydrocarbons (TPH); 

 Benzene, toluene, ethylbenzene, and xylenes (BTEX); 

 Polycyclic aromatic hydrocarbons (PAH); 

 Inorganic parameters (pH, conductivity, total suspended solids (TSS), acidity, alkalinity, carbonate, 
hydroxide, chloride, sulphate and hardness); and 

 Nutrients (ammonia-N, NOx-N, total Kjeldahl nitrogen, total nitrogen, and total phosphorus). 

The analytical suite was revised during the last round of monitoring (December 2006) to exclude PAH 
and BTEX, as they had not been detected in any previous monitoring rounds. 

4.2.4 Assessment Criteria 

The proposed guidelines to be adopted are based on the DEC document titled “Assessment Levels for 
Soil, Sediment and Water” (DoE, 2003), which have been developed pursuant to the Contaminated 
Sites Act 2003.  The DEC assessment levels for water are based on the ‘’Australian Water Quality 
Guidelines for Fresh and Marine Water Quality’’ (ANZECC and ARMCANZ, 2000) and the “Australian 
Drinking Water Guidelines” (NHMRC and ARMCANZ, 1996).  

Electrical Conductivity (EC) was measured in the laboratory on three occasions (May 2003,  
March 2006, and July 2006).  

 EC recorded in May 2003 ranged between 410µS/cm (MW2) and 6,600µS/cm (MW6). 
Corresponding TDS concentrations (calculated from EC measurements multiplied by a factor of 
0.65) ranged between 266.5mg/L and 4,290mg/L.  

 Electrical Conductivity (EC) recorded in March 2006 (using filtered data) ranged between 480µS/cm 
(MW1) and 46,000µS/cm (MW6). Corresponding TDS concentrations ranged between 312mg/L and 
29,900mg/L.  

 Electrical Conductivity (EC) recorded in July 2006 ranged between 430µS/cm (MW1) and 
26,000µS/cm (MW6). Corresponding TDS concentrations ranged between 279mg/L and 
16,900mg/L.  

EC and corresponding TDS concentrations within MW6 (which is located closest to the Canning River 
foreshore) are significantly greater that monitoring wells located hydraulically up-gradient and is likely to 
be impacted by saline intrusion. As a conservative approach this data set has been excluded from the 
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assessment of the highest beneficial use of groundwater. Based on the available data as outlined 
above, TDS ranges between 731mg/L and 826mg/L. A comparison with the Water and Rivers 
Commission (WRC, 2004) water quality guidelines indicates the highest potential beneficial use of 
groundwater beneath the investigation area is suitable for human drinking water purposes 
(<1,000mg/L).  

Based on the site specific variables stated, the adopted DEC guidelines include the following 
assessment criteria:  

 Fresh Waters-Rivers Guidelines 

Due to the proximity of the Canning River, the results have been compared to the Fresh Water-Rivers 
guidelines (FWGs) for Aquatic Ecosystems (utilising Lowland Rivers values where available, from 
specified in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 
and ARMCANZ, 2000). Where values for more than one type of ecosystem have been provided, the 
wetland values have been selected. Additional details regarding the assessment of metals using a 
hardness modification factor is provided in Table 7 (Appendix F) and discussed in Section 4.3.1.  

 Australian Drinking Water Guidelines 

The proposed development will be serviced by scheme water as such the Drinking Water Guidelines 
(DWGs) of DoE (2003) and NHMRC and ARMCANZ (1996) are not considered directly applicable but 
an assessment has been provided for completeness.  Furthermore, the presence of former landfill along 
the northern boundary of the site may prevent the domestic use of groundwater at the site.   

Analytical groundwater data has also been compared to the National Health and Medical Research 
Council Australian Drinking Water Guidelines (ADWG) Health values or Aesthetic values multiplied by a 
factor of 10 (ADWG x10), as it is proposed to utilise groundwater for non-recreational purposes  
i.e. reticulation (for the first two years of the development) and dust suppression during earthworks 
(National Health and Medical Research Council and Natural Resource Management Ministerial  
Council, 2005). 

 Irrigation Guidelines  

Abstracted groundwater is proposed to be allowed to infiltrate and/or used for dust suppression. It is 
therefore proposed to use the short term irrigation water (STIWG) guideline (values specified in the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and 
ARMCANZ, 2000).  It is considered that the assumptions used to derive the short term trigger values 
are appropriate for the proposed dewatering project although they are inherently conservative. An 
assessment against Long Term Irrigation Water Guidelines (LTIWG) has also been undertaken for 
completeness.   

4.3 Historical Groundwater Sampling Results 

A summary of the analytical data is presented in Appendix F (Table 1) and a summary of the 
exceedances recorded when compared to applicable ILs is presented in Appendix F (Tables 2 -7).  A 
brief discussion on general trends is provided below.  

 Concentrations of PCBs were less than LOR where analysed and less than applicable ILs where 
available.  
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 Laboratory analysis (March 2006) recorded concentrations of DDE (ranging between <0.001ug/L 
and 0.02ug/L) and dieldrin (less than or equal to the LOR - 0.001ug/L). With the exception of the 
May 2003, the applicable LORs were appropriate to assess potential exceedances of FWG ILs and 
ADWG ILs for individual OC/OPs and it is noted that no elevated concentrations of discrete analytes 
were detected. Subsequent laboratory reports state that no OC/OPs were above applicable LORs. 
The applicable LOR for dieldrin during the May 2003 monitoring event (<0.1ug/L) has resulted in a 
number of potential false positives give that it exceeds the FWG (0.002ug/L).   

 Laboratory analysis indicates that all discrete PAH analytes were detected at concentrations less 
than applicable LORs during all monitoring events where analysed. There are currently only ILs 
established for naphthalene, Benzo(a)pyrene and Total PAH. It is noted that the FWG for 
naphthalene is 16ug/L and as such concentrations of naphthalene were below adopted ILs. It is 
noted that the LOR for B(a)P is greater than the ADWG (0.00001mg/L / 0.01ug/L). This is however 
regarded as a false positive owing to limitations associated with laboratory LORs.  

Note: Lower laboratory limits of reporting will be requested to assess the accuracy of the false 
positives recorded for benzo(a)pyene as part of the baseline groundwater monitoring programme.  

 Concentrations of TPH C6-9, TPH C10-14 TPH C29-36 and BTEX compounds were less than LORs 
where analysed. MW1 recorded one elevated concentration (0.37mg/L) of TPH C15-28 greater than 
the LOR on one occasion (September 2006).  

 Concentrations of Total PAHs were less than the applicable LOR and/or adopted IL in all seven 
monitoring wells.  

 pH was outside the adopted range (ADWG and FWG) in MW1, MW2, MW3, MW4, MW6 and MW7.  

 Elevated EC concentrations were recorded in all seven monitoring wells when compared to FWGs.  

 MW4 recorded one elevated TSS concentration in excess of the ADWG on one occasion  
(March 2006 - unfiltered sample).  

 MW5 and MW6 recorded elevated hardness levels (560mgCaCO3/L and 4,000mgCaCO3/L 
respectively) in excess of the ADWG (aesthetic) on one occasion (September 2006).  

 All seven monitoring wells recorded exceedances of the LTIWG with respect to chloride. MW6 
recorded elevated concentrations of chloride in excess of the ADWG (aesthetic) on three occasions 
(March, July and September 2006). There are two possible sources of chloride impacting the site. 
Monitoring wells up-hydraulic gradient (i.e. MW1, MW2 and MW2) along the northern boundary of 
the site may be affected by septic tank leachate and drainage, as a result of water softening or other 
similar activities arsing from residential properties north of Manning Road. Elevated concentrations 
of chloride recorded in monitoring wells down-hydraulic gradient i.e. along the foreshore (MW4, 
MW5 and MW6) are considered to be resultant from the proximity of this well to the Canning River 
foreshore. Low levels of chloride recorded in MW7 are considered to be as a result of some slight 
dilution effects from the adjacent surface water course. In essence, elevated concentrations of 
chloride are considered to be representative of ubiquitous background levels and do not originate 
from historical site activities.  

 MW6 recorded elevated concentrations of sulphate in excess of the ADWG on two occasions (July 
and September 2006) with concentrations in all other wells significantly less than the adopted IL.  
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 MW4, MW5 and MW6 recorded elevated concentrations of ammonia - N (NH3-N) in excess of 
ADWG on three occasions (March, July and September 2006). All seven monitoring wells recorded 
exceedances of the FWG on at least one occasion. It is noted that the LOR (<0.2mg/L) for  
ammonia-N is greater than the FWG IL, consequently there are potentially a number of false 
positives and exceedances within MW1, MW2, MW3 and MW7 may potentially be discounted. 
Concentrations of ammonia-N were generally greater down-hydraulic gradient in wells within closest 
proximity to the landfill (MW4 and MW5). Concentrations of ammonia may also be accounted for by 
the use of fertilizers (associated with the historic use of the site and potentially domestic fertilisers 
sourced from up-hydraulic gradient residential properties) which can yield increasing nutrient 
contaminants including ammonia.  

 Six monitoring wells (MW1-MW6) recorded elevated concentrations of nitrogen in excess of the 
FWG on at least one occasion. Three MWs (MW1, MW2 and MW5) recorded concentrations of 
nitrogen in excess of the LTIWG on at least one occasion. One monitoring well (MW5) recorded 
elevated concentrations of nitrogen in excess of the STIWG on two occasions (July and  
September 2006). It is noted however, that STIWG are to be developed on a site specific basis and 
in this instance the lowest i.e. most conservative value has been used (25mg/L).   

 All seven monitoring wells recorded elevated concentrations of phosphorous in excess of the FWG 
and LTIWG on at least one occasion. MW3 recorded one elevated concentration of phosphorous in 
excess of STIWG in July 2006. Concentrations of phosphorous were in general greater in  
up-hydraulic gradient wells (notably MW3) and there is an overall trend of decreasing concentrations 
down-hydraulic gradient. Elevated concentrations of phosphorous may be accounted for by the use 
of fertilizers in the north of the site associated with the former market gardens.  

 No specific criterion is quoted for aluminium at lower pH levels in ANZECC and ARMCANZ (2000) 
as there is a preference for developing site specific assessment criteria at lower pH levels.  It can, 
however, be inferred that a more conservative value such as the 99% value (0.027mg/L) may be 
applied. MW1 exceeded the ADWG for aluminium in March 2006. All seven monitoring wells 
exceeded the FWG (<0.055mg/L), this is however regarded as a potential false positive as the LOR 
is <0.1mg/L on a number of monitoring rounds. Higher concentrations were generally recorded in 
down-hydraulic gradient monitoring wells. However, overall the data shows a decreasing trend in 
aluminium concentrations throughout the monitoring period.  

 MW3 exceeded the FWG for arsenic in July 2006. All other monitoring wells were less than LORs or 
adopted ILs.  

 Concentrations of barium were less than LOR and/or adopted IL in all seven monitoring wells.  

 MW1 recorded elevated concentrations of iron in excess of the ADWG (aesthetic). MW1 and MW7 
recorded elevated concentrations of iron in excess of LTIWG in March 2006. All other monitoring 
wells recorded concentrations of iron less than LOR and/or adopted ILs. Elevated concentrations of 
iron are considered to be representative of ubiquitous background concentrations. Higher 
concentrations were recorded in down-hydraulic gradient monitoring wells.   

 MW1 and MW4 recorded elevated concentrations of manganese in excess of the ADWG (aesthetic) 
and LTIWG. MW6 recorded elevated concentrations of manganese in excess of the ADWG (health 
and aesthetic) and also the LTIWG. Given the general widespread trend of elevated concentrations 
of manganese up and down-hydraulic gradient and also within proximity of the landfill suggests that 
background concentrations may be elevated within the vicinity of the site, however the highest 
concentrations are recorded in the down-gradient monitoring wells. 
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 All seven monitoring wells recorded concentrations of mercury <0.0001mg/L which exceeds the 
FWG of 0.00006mg/L. This is therefore considered potentially to be a false positive. 

 MW6 (filtered sample) recorded an elevated concentration of selenium in excess of the ADWG and 
FWG in March 2006. All other monitoring wells recorded concentrations of selenium less than LOR 
and/or adopted ILs. 

4.3.1 Metals with Freshwater Hardness Modification Factor  

The Fresh Waters-Rivers guidelines for metals have been modified according to groundwater hardness 
(as mgCaCO3/L), according to the values given in Table H (from ANZECC and ARMCANZ, 2000). 

TABLE H 
FRESH WATERS-RIVERS HARDNESS MODIFICATION FACTOR (HMF)  
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Hardness (mgCaCO3/L) Bore ID Modification Factor 

Soft (0-59) MW1 1 1 1 1 1 1 

Moderate (60-119) 

MW2, MW3, MW4, 

MW7 2.7 2.5 2.5 4.0 2.5 2.5 

Hard (120-179) - 4.2 3.7 3.9 7.6 3.9 3.9 

Very Hard (180-240) - 5.7 4.9 5.2 11.8 5.2 5.2 

Extreme (>400) MW5, MW6 10.0 8.4 9.0 26.7 9.0 9.0 

Hardness was only measured during the September and December 2006 rounds. These measured 
values have been used to classify each sample location (as indicated in Table H above), and the 
resulting modified values have been applied to each location for all rounds.   

A screening assessment of metals with hardness modifications applied is provided in Appendix F  
(Table 7). A brief discussion on general trends is provided below. Data representing filtered or unfiltered 
samples obtained in March 2006 has been differentiated in the summary below and a discussion of the 
variance between filtered and unfiltered samples is provided in Section 4.3.2 (data is presented in  
Table 8 - Appendix F).  

Cadmium 

One elevated concentration of cadmium was recorded (0.003mg/L) in MW5 on one occasion  
(May 2003) in excess of the ADWG (0.002mg/L) (but below the ADWG x10).  

MW1-MW4 recorded concentrations of cadmium in excess of both the FWG (and the FWG HMF which 
is unamended) on one occasion (May 2003) owing to the LOR (i.e. <0.002mg/L) (Note: MW6 and MW7 
were not installed at the time). Subsequent monitoring recorded concentrations of cadmium less than 
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the lower LORs applied (<0.0001mg/L / <0.0002mg/L). As such, exceedances recorded in May 2003 in 
these wells are considered to be false positives.  

MW6 recorded concentrations of cadmium at the FWG (0.0002mg/L) on two occasions (March 2006 
(unfiltered sample) and July 2006) and as such are not considered to be significantly elevated.  

MW5 was the only well which recorded an elevated concentration of cadmium (0.003mg/L) in  
May 2003, which exceeded the FWG HMF (0.002mg/L). Subsequent monitoring recorded 
concentrations of cadmium below LOR and/or ILs.  

Concentrations of cadmium within groundwater are not considered to represent a significant risk to 
fresh water receptors.  

Chromium  

One marginally elevated concentration of chromium (MW1 0.019mg/L) was recorded in excess of the 
FWG and FWG HMF (0.01mg/L) in March 2006 (unfiltered sample). Subsequent monitoring recorded 
concentrations of chromium less than LORs and/or ILs in all monitoring wells. As such, chromium is not 
considered to represent a significant risk to freshwater receptors.  

Copper  

MW1-MW5 recorded concentrations of copper in excess of both the FWG (and the FWG HMF which is 
unamended) on one occasion (May 2003) owing to the LOR (i.e. <0.01mg/L) (Note: MW6 and MW7 
were not installed at the time). As such, these exceedances are considered to be false positives.  

MW2 and MW4 did not record any elevated concentrations of copper during subsequent monitoring 
rounds. MW1 recorded one additional marginally elevated concentration of chromium in excess of FWG 
(and FWG HMF which is unamended) in September 2006 (0.002mg/L). MW3 recorded elevated 
concentrations of copper during three subsequent monitoring rounds however the results are not 
considered to be significantly elevated.   

Lead  

MW1-MW5 recorded elevated concentrations of lead in excess of both the FWG (and the FWG HMF 
which is unamended) on one occasion (May 2003) owing to the LOR (i.e. <0.01mg/L) (Note: MW6 and 
MW7 were not installed at the time). As such, these exceedances are considered to be false positives. 
MW1 recorded one additional marginally elevated concentration of lead (0.004mg/L) (March 2006 
(unfiltered sample)). MW6 also recorded a marginally elevated concentration of lead in excess of the 
FWG at 0.006mg/L; this is however below the FWG HMF and as such is not considered to represent a 
significant risk to freshwater receptors.  

Nickel  

MW3 and MW4 recorded elevated concentrations of nickel in excess of both the FWG and FWG HMF 
on one occasion (March 2006 using both filtered and unfiltered samples). Subsequent monitoring in 
these wells recorded concentrations of nickel less than LORs/ILs. MW5 recorded elevated 
concentrations of nickel in excess of the FWG on one occasion (March 2006 using both filtered and 
unfiltered samples) however concentrations were below the FWG HMF. MW6 recorded one elevated 
concentration of nickel in excess of both FWG and FWG HMF in March 2006 using an unfiltered 
sample. The filtered sample for the same sampling event recorded a concentration of nickel less than 
the FWG HMF. Subsequent monitoring also recorded concentrations of nickel less than the FWG.  
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Zinc  

MW1, MW3, MW4, MW5 and MW6 recorded concentrations of zinc in excess of both the FWG and 
FWG HMF on at least one occasion, it is however noted that concentrations generally showed a 
declining trend over the course of the monitoring events. No exceedances of the FWG HMF were 
recorded in September 2006.  

4.3.2 Variance Between Filtered and Unfiltered Groundwater Samples  

An assessment of the variance between filtered and unfiltered groundwater samples is provided in 
Appendix F (Table 8). Of the thirteen metals analysed for, aluminium, arsenic and iron have been 
identified as being affected by the filtering process. Analysis of variance between filtered and unfiltered 
groundwater results in the remaining 10 metals (at a significance level of 95%) indicates that filtering 
does not have an effect on those particular contaminants. The variance between the unfiltered and 
filtered samples is not considered to have a significant impact on the overall assessment as each result 
has been assessed individually against the applicable ILs and not considered as averages over the 
course of the groundwater monitoring programme. It is noted that future groundwater monitoring 
undertaken will adopt procedures to filter metals in the field in accordance with industry practice and 
metal concentrations will be reassessed as part of the baseline monitoring programme.  

4.3.3 Quality Control Review 

The following quality control procedures were implemented during previous groundwater monitoring 
events.  

Analytical Procedures 

The laboratory used, Analytical Reference Laboratory (ARL) WA is NATA accredited for all groundwater 
analyses undertaken. It is therefore considered that a review of the specific laboratory analytical 
procedures is not warranted. 

Laboratory Limit of Reporting 

The laboratory Limit of Detection (LOD) refers to the concentration above which reported results can be 
expressed with a minimum 99% confidence level. It is acknowledged that there are a number of 
potential false positives as a result of limitations associated with laboratory Limit of Reporting (LOR) for 
aluminium, mercury, and NH3-N (notably the May 2003 monitoring event). All other analytes were at 
least equal to, if not below, the relevant assessment criterion.   

 The LOR for ammonia-N is <0.2mg/L which is greater than the FWG IL 0.15mg/L.  

 The LOR for aluminium is <0.1mg/L which is greater than the FWG IL of 0.055mg/L.   

 The LOR for cadmium in May 2003 is <0.002mg/L which is greater than the FWG IL of 0.0002mg/L.  

 The LOR for copper in May 2003 is <0.01mg/L which is greater than the FWG IL of 0.0014mg/L.  

 The LOR for mercury is <0.002mg/L (May 2003) which is equal to the ADWG of 0.002mg/L. The 
LOR for mercury applied during subsequent monitoring events (<0.0001mg/L) is greater than the 
FWG of 0.00006mg/L. The LOR for May 2003 data was noted to be equal to the LTIWG and 
STIWG. 

 The LOR for dieldrin in May 2003 was <0.1µg/L which is greater than the FWG of 0.002µg/L.  
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In the case of mercury, the laboratory has advised that this is the lowest level of detection currently 
practically obtainable at the time of analysis. For bores MW2, MW3, MW4 and MW7, on the basis of the 
July 2006 analytical result, it is likely that the concentrations of aluminium in the bores exceeded the 
FWG during the rounds where the detection limit was greater than the guideline value. For bores MW5 
and MW6, the analytical results indicate that the results were likely less than the FWG. Data for all 
bores indicate that concentrations of NH3-N are likely to have remained above the FWG during the 
monitoring period. 

Accuracy/Bias and Precision Definitions 

Accuracy is defined as "exact conformity to truth," or "freedom from error." It is virtually impossible to 
determine accuracy because the true value being estimated with sampling and analysis methods is 
rarely known. Bias refers to the systematic or persistent distortion of a measurement process, which 
causes errors in one direction (i.e. the expected sample measurement is different from the sample’s 
true value). Two bias analytical errors may occur: 

 Low Bias Analytical Error - when analytical data indicate that a substance is not present above a 
specified concentration, when in fact it is. 

 High Bias Analytical Error - when analytical data indicate that a substance is present above a 
specified concentration, when in fact it is not. 

Precision is the repeatability of measurements. In order to assess the bias and precision, the following 
field and laboratory quality control samples were analysed:  

 Blanks: to assess bias introduced during sampling and analysis; 

 Duplicates: to assess precision; 

 Spikes: to assess bias introduced in laboratory. 

Blank Samples 

Field blanks are used to assess the potential introduction of contaminants from ambient sources  
(e.g. dust, gaseous and particulate emissions from motors in operation, etc) to the samples during 
sample collection. The field blank is collected by filling a sampling container with deionised water in the 
field, simulating the exposure that a sample would have during bottle filling. No samples are collected 
during this time.  

A field blank sample was collected for the each sampling event. The field blank sample was analysed 
for all analytes of concern. As indicated in Table 9 (Appendix F), minor concentrations of iron and 
selenium were detected in the field blank samples in March 2006 and July 2006. In the case of iron, as 
the majority of results were significantly above the DWG, this is not considered to have impacted the 
results. Furthermore, as the DWG for iron is based on aesthetics and as such is not considered to be 
significant.  

Selenium was detected at concentrations equal to the detection limit in all monitoring rounds. Values at 
or near to the detection limit have inherent limitations. Concentrations of selenium in the groundwater 
samples only exceed the guidelines in one monitoring round (March 2006). In this case, the minor 
amounts detected in the field blank sample are not considered to have a significant impact on the final 
result.  
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Trip blanks comprise sample containers filled with laboratory deionised water, which are transported to 
the site, but are not opened. Trip blanks are then transported with the groundwater samples to assess 
the amount of contamination introduced during the transport and storage of samples from the time of 
sampling until the time of analysis. Three trip blank samples were obtained (representing two 
monitoring events - March 2006 and July 2006) and analysed for BTEX and TPH. All samples recorded 
concentrations of these analytes below the LOR and as such, samples are not considered to have been 
impacted by external media during transport.  

Field Duplicate Samples 

A field duplicate sample is a second sample collected at the same location as the original sample. 
Duplicate samples are collected using identical recovery techniques. Samples are collected 
simultaneously from the outlet of the low-flow pump. Duplicate samples are treated in an identical 
manner to other samples during storage, transportation, and analysis. Duplicate samples were collected 
at a rate of one in 20. 

The field duplicate samples are used to assess field and analytical precision, and the precision 
measurement is determined using the relative percent difference (RPD) between the duplicate sample 
results. Generally, it is recommended that the RPD be less than 30-50% (Standards Australia,  
AS 4482-2005). In this instance, should the RPD not exceed 50%, then the results are considered 
acceptable. The RPDs for field duplicates are presented in Table 9 (Appendix F). 

The following samples recorded an RPD value greater than 50%:  

 MW1/MW1 duplicate (March 2006 unfiltered samples) - Chromium - RPD = 62.03%  

MW1 recorded a concentration of chromium of 0.019mg/L whilst MW1 duplicate recorded a 
concentration of 0.01mg/L. The higher concentration recorded in the primary sample (MW1) has been 
utilised in the assessment when considering the number of exceedances of the FWG. It is noted that 
MW1 and MW1 duplicate filtered samples for the same monitoring event recorded equal concentrations 
of chromium.  

 MW1/MW1 duplicate (March 2006 unfiltered samples) - Iron - RPD = 116%  

MW1 recorded a concentration of iron of 0.34mg/L whilst MW1 duplicate recorded a concentration of 
1.4mg/L. As the majority of results were significantly above the DWG, this is not considered to have 
impacted the overall assessment. 

 MW7/MW7 duplicate (September 2006)  - Total Acidity - RPD = 78.26%  

MW7 recorded a concentration of Total Acidity of 64mgCaCo3/L whilst MW7 duplicate recorded a 
concentration of 28mgCaCo3/L. There is currently no established IL for Total Acidity with respect to 
general groundwater quality however this parameter has been considered within the Acid Sulphate Soil 
Management Plan. Total acidity was generally recorded at concentrations higher than the duplicate 
sample and as such, is not considered to significantly impact the overall assessment.  

 MW7/MW7 duplicate (September 2006)  - Sulphate - RPD = 61.22%  

MW7 recorded a concentration of sulphate of 32mg/L whilst MW7 duplicate recorded a concentration of 
17mg/L. Both values are significantly below the ADWG of 250mg/L and as such this is not considered 
to have impacted the results and overall assessment.  
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 MW7/MW7 duplicate (September 2006)  - NOx-N - RPD = 66.66%  

MW7 recorded a concentration of NOx-N of <0.01mg/L whilst MW7 duplicate recorded a concentration 
of 0.02mg/L. Both concentrations are less than adopted ILs and as such this is not considered to have 
impacted the overall assessment.  

 MW7/MW7 duplicate (September 2006)  - Total Phosphorous - RPD = 57.14%  

MW7 recorded a concentration of total phosphorous of <0.09mg/L whilst MW7 duplicate recorded a 
concentration of 0.05mg/L. A number of samples recorded concentrations of total phosphorous greater 
that 0.05mg/L and the higher concentration recorded in the primary sample has been utilised in the 
assessment as a conservative approach.  

 MW7/MW7 duplicate (September 2006) - Iron - RPD = 79.83%  

MW7 recorded a concentration of iron of 1.7mg/L whilst MW7 duplicate recorded a concentration of 
0.73mg/L. As the majority of results were significantly above the DWG, this is not considered to have 
impacted the overall assessment. 

A review of analytical results with RPD exceedances indicates that results can be attributed to one or 
more explanations listed below and are not considered to compromise the integrity of the analytical 
results and overall assessment.  

1. Reported concentrations for both the routine (primary) and duplicate sample are above the adopted 
criteria, or where there are no criteria the reported concentrations indicate the presence of impact. 
The calculated RPD values are not considered to affect the integrity of the results as both results 
indicate the presence of impact. 

2. Low analyte concentrations have exaggerated the percentage differences with respect to small total 
concentration differences. The calculated RPD values are not considered to affect the integrity of the 
results as both results remain well below adopted criteria.  

3. The variation in RPDs is attributed to laboratory preparation techniques/instrument error and was 
confirmed with the laboratory. 

4. Sample variation is exaggerated where only one of the sample pair has been detected given the 
adopted calculation method for RPD (i.e. half the laboratory detection limit concentration for the  
non-detectable sample). 

5. Elevated RPDs are likely to be a result of either the heterogeneous nature of the groundwater or 
sampling procedures.  

It is acknowledged that no triplicate samples were obtained in groundwater monitoring events 
completed to date. Triplicate samples are typically sent to a second independent NATA accredited 
laboratory to provide an additional level of quality control over and above that provided by the primary 
laboratory data (primary and duplicate samples). As indicated above, the majority of duplicate samples 
fell within the acceptable RPD range. Instances where the RPD exceeded 50% are rationalised in the 
section above and are not considered to significantly impact the overall assessment of groundwater 
conditions underlying the site. A QA/QC procedures proposed for future monitoring events are outlined 
in Section 9.0.  
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Spike Data 

The occurrence of both low and high bias errors can be estimated by reviewing the percent recovery of 
matrix spikes, which is expected to vary between 70-130% unless otherwise stated. A summary of the 
reported matrix spike results presented in Table 10 (Appendix F) indicates that the quality of the 
analytical data is sound. 

Documentation  

As a part of this Quality Assurance, ATA Environmental has a standard Chain of Custody form. All 
projects in which sample collection is undertaken must have a completed Chain of Custody prior to 
submission of the samples to a laboratory. Both the laboratory and ATA Environmental retain a copy of 
the Chain of Custody once the samples have been submitted. All quality system documentation is 
retained for a minimum period of five years. Quality system documentation is generally archived rather 
than being disposed of after the minimum retention period has expired. 

Conclusion 

The field method validation and laboratory QA/QC measures employed throughout the assessment 
have enabled the quality of field sample collection and laboratory analysis procedures to be examined. 
Based on the above, the data is considered of acceptable quality for interpretation and environmental 
assessment of the site. Details relating to QA/QC procedures proposed for subsequent groundwater 
monitoring events are outlined in Section 6.  

4.4 Assessment of Groundwater Quality Due to Historical Land Uses 

Overall the monitoring results are consistent with the relative passive land uses that have historically 
been present on this site.  There is no significant evidence of contamination with petroleum 
hydrocarbons, solvents, pesticides or other toxic organic compounds other than a single result from 
bore MW1 in September 2006. The single hydrocarbon result in MW1 (September 2006 (0.37mg/L) has 
been discounted on the basis of the following arguments: 

 The result has not been supported by any visual or olfactory evidence from soil, surface or 
groundwater results on-site. 

 None of the results of analysis from samples from any other groundwater bore has detected any 
petroleum hydrocarbon compounds.  

 There is no identifiable source on-site or in the near vicinity up-gradient of the monitoring well which 
may have resulted in the contamination.  

There is evidence of low level metals contamination from a regional source in urban areas to the north 
of the Cygnia Cove site.  The metals results are consistent with typical urban water quality.  

The concentrations of metals detected in all bores exhibit a general decreasing trend throughout the 
monitoring period. The majority of metal concentrations suggest that contaminant concentrations are no 
greater in down-gradient bores (MW5, MW6 and MW7) with respect to up-gradient bores (MW1, MW2, 
MW3, MW4). Contaminants identified in up-gradient bores are considered to potentially be the result of 
up-gradient land uses off-site.  

The results suggest that the presence of the uncontrolled fill on the site does not appear to be impacting 
adversely on groundwater quality.  
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A number of the bores have detected levels of nitrogen compounds which primarily appear to be a 
regional phenomenon. There is limited evidence in the records of bores MW4 and MW5 of possible 
influence from the former municipal landfill in the south-eastern portion of the site.  

Elevated parameters such as NH3-N, TKN, chloride, sulphate, conductivity and zinc in are generally 
considered to be associated with impacts from municipal waste or waste water. The elevated 
concentrations of these parameters in bores MW4 and MW5 may suggest that the former municipal 
landfill site that is located immediately to the north and east of these bores may be impacting on 
groundwater quality in this vicinity.  

It is noted that the upward discharge of brackish water from the Leederville aquifer into the superficial 
aquifer causes elevated salinity concentrations adjacent to the Canning River (Davidson, 1995), which 
is considered to result in the elevated concentrations of chloride recorded.  

It is also noted that within the Perth region, dissolved iron in the groundwater of the superficial aquifer 
potentially originates from a chemical reaction between acidic groundwater and ilmenite grains  
(Baxter, 1977), which are contained mainly in the Bassendean Sand Formation which is present on-site.  

Although groundwater contours presented in Figure 4 do not suggest a north-westerly flow direction in 
this area, it is possible that a component of north-westerly flow may be induced in this area due to the 
topography at the boundary of the former landfill site to the south-east. This may be either due a slight 
mounding of the watertable underneath the landfill or to surface run-off from the raised landfill (the 
former is considered more likely than the latter). To date, the location of groundwater bores on-site 
(which resulted in the groundwater contours shown in Figure 4) do not allow for a detailed assessment 
of the groundwater flow patterns underneath the former landfill site on the adjacent site; however this is 
considered the most likely explanation for the elevated parameters; rather than an on-site source. This 
will be further assessed upon completion of the baseline groundwater monitoring programme. 

Based on the bore monitoring undertaken to date there appears to be little evidence that current or 
historical on-site activities have contributed to significant groundwater contamination.  Owing to the 
transient nature of groundwater, a baseline monitoring programme was completed prior to the 
commencement of remedial works. The baseline monitoring completed is discussed further is Section 
5.0 and 6.0.  

4.4.1 Assessment of Impacts on Environmental Receptors 

As indicated in Section 3.6, the receptor for groundwater or surface water contamination originating on 
the Cygnia Cove site is the Canning River.  A requirement of the EPA’s assessment of the site was to 
undertake and ecotoxicological assessment of the groundwater discharge under current conditions.  
This is regarded as a conservative predictor of future of the post-remediation ecotoxicological impact for 
all parameters other than nutrients as the remediation of the site will remove all identified contaminants 
at above EIL concentration and remove a significant fraction of the potentially acidic soil that currently 
exists on the site. 

An Ecotox study has been initiated by Dr Jill Woodworth of Geotechnical Services under the direction of 
Coffey Environments.  The initial phase of work consisted of a screening assay using the unicellular 
algal test Isochrysis sp. With water samples from all seven sampling wells (MW1-7) and a sample of 
River water taken from near the shoreline on the southern boundary of the site. Unicellular algal growth 
inhibition tests have been shown to be sensitive to organics and metals and are deemed to be a 
suitable screening test to assess this site.  The test protocols were performed in accordance with 
Geotech Work Instruction WIENV-45 that is based on the method described by Stauber et al (1994). 
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The results of this screening study indicated that all samples resulted in enhanced algal growth 
probably due to the presence of nutrients in the samples which enhanced algal growth.  As a result of 
the masking effect of the nutrients it was not possible to draw any conclusions regarding the impact of 
the low levels of metals that are known to be present in groundwater on the site. 

Subsequently samples from five of the seven bores (MW3-MW7) were subject to microtox testing. 

In this test, selected species of bioluminescent bacteria were challenged with groundwater samples and 
the level of bioluminescence used to assess whether any toxic impacts were observed.  The tests were 
completed in accordance with Geotech Work instruction WIENV-30.  

Microtox results showed that water samples from sites MW4 and MW5 exhibited toxicity to the bacteria. 
These two sites are closest to a former landfill site so would be expected to show some toxicity. 

However, these two sites are also located furthest from the wetland discharge site and would be 
unlikely to contribute to direct impacts through the surface water discharge from the site. 

Based on this original work, an ecotox monitoring program has been developed and agreed with the 
EPA.  The program consists of detailed testing using five analytical methods following a rain event and 
ground disturbance with monthly/quarterly screening tests using the Microtox procedure.  A copy of the 
plan and DEC correspondence approving it are provided at Appendix H. 
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5 BASELINE GROUNDWATER MONITORING  

Following discussions with the appointed Auditor it was agreed that a number of additional groundwater 
monitoring bores located more centrally within the site would be installed to: 

1. Assist in monitoring the impacts from the implementation of the Acid Sulfate Soil Management Plan 
prepared for the site (ATA, 2007b); 

2. Provide additional evidence to show that neither the community market garden previously located in 
the northern part of the site adjacent to Manning Road nor the uncontrolled fill located to the south of 
the wetland are contributing to localised contamination of the aquifer that has not been evidenced in 
bores located on the boundaries of the site; and  

 MW1 and MW2 were gauged in September 2008 and noted to be dry as a result of either a fall in 
groundwater levels or the bores were potentially damaged. Consequently, the bores were redrilled 
approximately 1m down-hydraulic gradient and have been assigned a prefix of MW1(A) and 
MW2(A).  

The locations of the six additional shallow monitoring bores which were installed in October 2008 are 
shown on Figure 3. These monitoring bores have been assigned a prefix of ‘ASSMW but numbered 
sequentially from 8-13 to avoid any possible confusion with the number of the existing seven monitoring 
bores with the MW prefix.  

All 13 wells were gauged and sampled to establish baseline groundwater quality prior to remediation 
works. The groundwater assessment field activities conducted at the site are summarised in Table I. 

TABLE I 
GROUNDWATER ASSESSMENT METHODOLOGY 

Activity  Details 

Date of Field Activity 17 and 22 September 2008 (drilling works). 

28-29 October 2008 (baseline groundwater monitoring event). 

Well Construction Monitoring wells installed in September 2008 (MW1(A), MW2(A) and  

ASSMW8-ASSMW13) targeted the superficial aquifer and were constructed 

using 50mm diameter class 18 PVC. Slotted sections were extended to 

accommodate the potential drawdown in groundwater levels during dewatering 

activities so as to enable groundwater sampling to be undertaken in the future 

(i.e. post-remediation). Clean gravel pack was backfilled around the screened 

interval. A bentonite seal (generally 0.5m) was installed above the gravel pack 

and the remainder of the well was backfilled using soil cuttings.  The wells were 

completed with a cemented steel riser. Well construction details are included in 

the drilling logs in Appendix I. 
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TABLE I 
GROUNDWATER ASSESSMENT METHODOLOGY 

Activity  Details 

Well Survey Wells were surveyed to mAHD by licensed surveyors. Survey results are 

detailed in Appendix J. Potentiometric groundwater contours for the most 

recent monitoring event (28-29 October 2008) are provided in Figure 11.  

Well Development The wells were purged until water quality parameters stabilised or 

groundwater obtained from the well was sediment free.  

Well Gauging Monitoring wells were gauged using an oil/water interface probe (IP) after a 

minimum seven day settling period from installation date. The IP was 

decontaminated between each monitoring well. Field well gauging sheets are 

contained in Appendix K. 

Well Purging Purging of each monitoring well was undertaken until water quality parameters 

(pH, oxidative/reduction potential, temperature, electrical conductivity) 

stabilised  

(i.e. three consecutive measurements 10%) using disposable bailers. Field 

purging data sheets are contained in Appendix K. 

Sampling Method Groundwater samples were collected using the low-flow sampling techniques.  

Decontamination Procedure The water sampling equipment, IP (including the full length of the IP meter, 

equalling the length of the bore gauged) and water quality meter were 

decontaminated with laboratory grade detergent and rinsed with deionised 

water between wells. Dedicated disposable nitrile gloves were used for each 

sample.  Decontamination records are contained within Appendix L.  

Sample Preservation Samples were placed in laboratory supplied bottles containing appropriate 

preservatives. Samples were stored on ice (<4oC) in an esky while on-site and 

in transit to the laboratory. Samples collected for metals analysis were filtered 

in the field.  

Groundwater gauging data and water quality measurements collected during field activities are 
presented in Appendix K. Based on the gauging data collected during field activities, interpreted 
groundwater contours are detailed in Figure 11. Site specific hydrogeology for the site is summarised in 
Table J. 
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TABLE J 
SITE SPECIFIC HYDROGEOLOGY 

Item Description 

Depth to Groundwater  Standing water levels (SWLs) across the area of investigation ranged between 

0.545m below top of casing (mbtoc) (MW6) and 6.562mbtoc (MW2A). Corrected 

water elevations ranged between 0.373mAHD (MW7) to 3.820mAHD (MW3).  

Phase Separated 

Hydrocarbon (PSH) 

PSH was not encountered during the monitoring event.  

Gradient and 

Groundwater Flow 

Direction 

Based on the groundwater contour plan, groundwater flow direction is to the south 

towards the Canning River.  

Groundwater Discharge 

Location 

Groundwater discharges to the Swan-Canning River system along the southern 

boundary of the site and also into the wetland along its northern boundary. 

5.1.1 Field Groundwater Quality Parameters 

Groundwater quality parameters measured post-purge during field activities conducted on 28 and  
29 October 2008 are presented in Appendix K. Post-purge groundwater quality measurements are 
assumed to be more representative of fresh water flowing within the aquifer, and are discussed below, 
where available.  

 Dissolved oxygen (DO) measurements ranged between 0.28mg/L (MW4) and 4.65mg/L 
(ASSMW12), indicating aerobic conditions. 

 Oxidation/reduction (redox) potential (Eh) measurements ranged between -125mV (MW5) and 
311mV (ASSMW12) indicating oxidising conditions.  

 EC measurements ranged between 426µScm-1 (ASSMW13) and 1,710µScm-1 (ASSMW12).  

 Field TDS concentrations (calculated from the field EC measurements by a factor of 0.65) ranged 
between 277mg/L (ASSMW13) and 1,112mg/L (ASSMW12), with an average of 503mg/L. 

 pH measurements ranged between 4.64 (ASSMW12) and 6.95 (MW5). The pH range indicates 
neutral to acidic conditions.  

 Temperature measurements ranged between 15.86OC (ASSMW8) and 20.81OC (MW3). 
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6 ASSESSMENT CRITERIA FOR BASELINE GROUNDWATER 
MONITORING DATA  

The guidelines adopted for the Baseline Groundwater Monitoring Assessment are outlined in  
Section 4.2.4. As indicated in Section 4.3.1, previous groundwater monitoring and assessment 
undertaken assessed heavy metals using the Fresh Waters-Rivers guidelines hardness modification 
factor (HMF) (from ANZECC and ARMCANZ, 2000). Hardness was measured during the September 
and December 2006 rounds. These measured values have been used to classify each sample location 
(as indicated in Section 4.3.1 - Table H), and the resulting modified values have been applied. 
Hardness was not assessed in the most recent groundwater monitoring completed. Whilst it is 
acknowledged that alkalinity and hardness have similar values owing to the fact that carbonates and 
bicarbonates responsible for total alkalinity are usually in the form of calcium carbonate or magnesium 
carbonate, it is however noted that total alkalinity is not always representative since the carbonates can 
be in the form of sodium or potassium carbonate also. Consequently, a conservative approach has 
been adopted and a hardness modification factor of 1 has been applied to groundwater samples within 
ASSMW8-ASSMW13. A screening assessment of metals with hardness modifications applied is 
provided in Appendix M (Table 14).  

Groundwater analytical results, including field QC data and comparisons to the adopted ILs are 
presented in Tables 11 to 18 as outlined in Table K.  

TABLE K 
TABLE IDENTIFICATION FOR BASELINE GROUNDWATER ANALYTICAL RESULTS (2008)  

Tables Analytes 

Table 11 Summary of Baseline Groundwater Analytical Results  

Table 12 Summary of Baseline Groundwater Analytical Results in excess of ADWG and ADWG x10 

Table 13 Summary of Baseline Groundwater Analytical Results in excess of FWG  

Table 14 Summary of Baseline Groundwater Analytical Results in excess of FWG with HMF assessment 

Table 15 Summary of Baseline Groundwater Analytical Results in excess of LTIWG  

Table 16 Summary of Baseline Groundwater Analytical Results in excess of STIWG  

Certified laboratory reports are included in and Chain of Custody (COC) documentation is presented in 
Appendix N. A summary of the baseline groundwater analytical results is presented in Table L below.  
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TABLE L 
SUMMARY OF BASELINE GROUNDWATER ANALYTICAL RESULTS (2008)  

Analytes Comments  

Metals  Copper 

MW1(A), MW3 and ASSMW9-ASSMW13 recorded concentrations of copper in excess of the 

FWG with HMF.  

Iron 

Elevated concentrations of iron were recorded in excess of the ADWG in MW3, MW7, MW8 

and MW10-MW13.  Concentrations of iron exceed the ADWG x10 in MW4, MW5, MW6 and 

MW9. Concentrations of iron exceeded the LTIWG in MW1(A) and MW3-ASSMW13. 

Concentrations of iron exceed the STIWG in MW4, MW6 and MW9.  

Manganese  

Concentrations of manganese were recorded in excess of the ADWG and LTIWG in MW4 and 

MW6.  

Mercury  

All 13 groundwater monitoring bores (including QC samples) recorded elevated concentrations 

of mercury owing to limitations associated with laboratory LORs. The laboratory has advised 

that it is not possible to achieve a lower LOR and as such, these exceedances may be 

considered to be false positives. The laboratory has advised that a lower LOR is not achievable. 

Selenium  

One bore (MW6) recorded an elevated concentration of selenium in excess of the FWG.  

Zinc  

All 13 groundwater monitoring bores, with the exception of MW5 and MW6, recorded elevated 

concentrations of zinc in excess of the FWG with HMF.  

PAHs Concentrations were detected less than the LORs and adopted ILs (where available).  

Phenolics Concentrations were detected less than the LORs and adopted ILs (where available).  

BTEX  Concentrations were detected less than the LORs. 

TRH  Concentrations were detected less than the LORs. 

OC/OP Elevated concentrations of DDT, aldrin, chlordane, chlorpyrifos, diazinon, fenitrothion and 

methyl parathion were recorded in excess of FWG owing to limitations associated with 

laboratory LORs. It is noted that no samples exceeded adopted ADWG where available. The 

laboratory has advised that a lower LOR is not achievable.  
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TABLE L 
SUMMARY OF BASELINE GROUNDWATER ANALYTICAL RESULTS (2008)  

Analytes Comments  

Carbamate 

Pesticides  

Concentrations were detected less than the LORs. 

Major Anions and 

Cations  

Ammonia 

Elevated concentrations of ammonia were recorded in excess of the ADWG in MW4, MW5, 

ASSMW9 and ASSMW13. Concentrations of ammonia exceeded the FWG in QC1, MW4-MW6, 

ASSMW8 and ASSMW13.  

Chloride  

Concentrations of chloride exceeded the ADWG in MW6 and ASSMW12. Concentrations of 

chloride exceeded the LTIWG in all 13 groundwater monitoring bores (including QC samples).  

Hydrogen Sulphide  

All 13 groundwater monitoring bores (including QC samples) recorded elevated concentrations 

of hydrogen sulphide in excess of the FWG owing to limitations associated with laboratory LOR. 

The LOR for hydrogen sulphide is 0.05mg/L (i.e. equal to the ADWG but greater than the 

FWG), and as such may be considered to be false positives.   

Nitrate  

Eight groundwater monitoring bores (MW1(A), MW2(A) (including QC1 - duplicate of MW2(A) 

and QC2 - triplicate of MW2(A)), MW3, ASSMW10, ASSMW11 and ASSMW13) recorded 

concentrations of nitrate in excess of the FWG.  

Total Dissolved Solids (TDS)  

MW4, MW6, ASSMW8 and ASSMW12 recorded elevated concentrations of TDS in excess of 

the ADWG.  

Total Nitrogen (N)  

MW1(A), MW2(A) (including QC1 - duplicate of MW2(A) and QC2 - triplicate of MW2(A)), MW3, 

MW5 and ASSMW9-ASSMW11 recorded elevated concentrations of total nitrogen in excess of 

the FWG. MW2(A) (including QC1 - duplicate of MW2(A) and QC2 - triplicate of MW2(A)), MW5 

and ASSMW10 recorded elevated concentrations of total nitrogen in excess of the LTIWG.  

Total Phosphate  

MW1(A), MW2(A) (including QC1 - duplicate of MW2(A)), MW3, MW5, MW7 and ASSMW10 

and ASSMW11 recorded elevated concentrations of total phosphate in excess of the FWG.  

All 13 groundwater monitoring bores, with the exception of MW4, MW6, ASSMW8, ASSMW9 

and ASSME12, recorded concentrations of total phosphate in excess of the LTIWG.  
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6.1 Baseline Groundwater Monitoring - Field and Laboratory QA/QC Data 
Assessment 

Groundwater samples (including field QC samples) were submitted to MGT Environmental Consulting 
(MGT) laboratory.  Triplicate samples were submitted to SGS Environmental Services (SGS) laboratory. 
Both MGT and SGS are NATA accredited for the laboratory analysis performed.  

6.1.1 Groundwater Quality Control  

A total of 13 groundwater samples along with one duplicate/triplicate pair selected from a primary 
groundwater sample (QC1, QC2 for MW2(A)) were submitted for heavy metals, carbamate pesticides, 
OC/OP and major anions and cations. Certified laboratory reports and laboratory QA/QC data is 
included in Appendix N. Assessment of the analytical results for the groundwater sampling is 
summarised in Table M. 

TABLE M 
BASELINE GROUNDWATER MONITORING - ANALYTICAL QUALITY CONTROL VALIDATION 

Requirement Yes/No 

All soil and groundwater samples were submitted to NATA accredited laboratories. Yes 

All samples were extracted within the required holding time. Yes 

Percentage recovery results were all within the acceptable range for all duplicates.  Yes 

Laboratory internal standards, calibration blanks and mid-range calibration verifications 

were acceptable. 

Yes 

The RPDs for analytes tested were all within the acceptable RPD range. No  

6.1.2 Assessment of Baseline Groundwater Monitoring RPD’s  

All duplicates and triplicates were found within the acceptable RPD range (<50%) for groundwater 
samples with the exception of: 

 Ammonia: 116.67% RPD between QC1 (duplicate of MW2(A) and MW2(A)). It is noted that QC2 
(duplicate of MW2(A) constituent analyte concentrations were less than applicable LORs.  

 Total phosphate: 66.67% RPD between QC2 (triplicate of MW2(A) and MW2(A)). It is noted that 
QC1 (duplicate of MW2(A) was found within the acceptable RPD range (34.48%).  

 Total Kjeldahl Nitrogen (N): 80% RPD between QC2 (triplicate of MW2(A) and MW2(A)). It is noted 
that QC1 (duplicate of MW2(A) was found within the acceptable RPD range (15.38%).  

 Bicarbonate alkalinity: 53.66% RPD between QC2 (triplicate of MW2(A) and MW2(A)). It is noted 
that QC1 (duplicate of MW2(A) constituent analyte concentrations were less than applicable LORs. 

Elevated RPDs could result from a number of factors including the heterogeneous nature of ground 
conditions, sampling procedures and analytical methods. In addition, variations can be expected to be 
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higher for organic versus inorganic analyses and for low analytes concentrations, which will exaggerate 
apparent differences. It should also be noted that for concentrations close to the LOR, acceptance 
targets for RPDs are difficult to apply as the uncertainty of the concentration can approach, and even 
equal, the reported concentration (Keith, 1991). 

6.2 Blank Quality Control Sample  

In addition to the field duplicate/triplicate QC samples, equipment rinsate, field blanks and trip blanks 
were collected during the sampling program. Equipment rinsate blanks were collected from the final 
rinse of either the IP or the water quality meter using distilled water in laboratory supplied containers 
with appropriate preservative. Trip blanks were prepared prior to each field day using distilled water in 
laboratory supplied containers with appropriate preservative and stored in an esky during fieldwork. 
Equipment rinsates and trip blanks collected during the current investigation are summarised in  
Table N.  

TABLE N 
BASELINE GROUNDWATER MONITORING - EQUIPMENT RINSATE, FIELD BLANKS 

AND TRIP BLANKS  

Sample ID Sample Type Analysis Conducted 

QC3 Equipment Rinsate (28 October 2008) Heavy metals, carbamate pesticides, 

organochlorine pesticides, 

organophosphorous pesticides and major 

anions and cations. 

QC4 Field Blank (28 October 2008) 

QC5 Trip Blank (28 October 2008) 

QC6 Equipment Rinsate (29 October 2008) 

QC7 Field Blank (29 October 2008) 

QC8 Trip Blank (29 October 2008) 

Targeted analyte concentrations were less than the laboratory LOR for the equipment rinsate, field 
blanks and trip blanks analysed.  

6.3 QA/QC Summary 

The field method validation and laboratory QA/QC measures employed throughout the assessment 
have enabled the quality of field sample collection and laboratory analysis procedures to be examined. 
Based on the above, the data is considered of acceptable quality for interpretation and environmental 
assessment of the site. 
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6.4 Discussion of Baseline Groundwater Monitoring Analytical Results  

Analytical results from the baseline groundwater monitoring have recorded similar trends to those 
identified in previous groundwater monitoring events. It is noted that contaminants were generally 
recorded at lower concentrations than previous monitoring events indicating an overall improvement in 
the general groundwater quality in the past two years.  

Concentrations of TPH C15-28 were recorded in MW1 in September 2006. Subsequent baseline 
groundwater monitoring of MW1(A) (or any other monitoring bores) did not detect concentrations of any 
TPH fraction greater than LORs. As such, the elevated concentration recorded in 2006 is considered to 
be an anomaly. There is no identified soil source and it may be a result of vandalism.  

The following exceedances were recorded in the baseline groundwater monitoring event recently 
completed:  

 Concentrations of copper, selenium, zinc, ammonia, hydrogen sulphide, nitrate, total nitrogen and 
phosphate exceeded the FWG in the baseline groundwater monitoring event.  

 Concentrations of iron, manganese, ammonia, chloride and TDS exceeded the ADWG whilst only 
iron exceeded the ADWG x10 (for non-recreational use).  

 Concentrations of iron, manganese, total nitrogen and phosphate exceed the LTIWG whilst no 
contaminants exceeded the STIWG.  

The following comments are made with respect to the exceedances recorded:  

 Elevated concentrations of chloride, ammonia, iron, zinc are considered to be representative of 
ubiquitous background levels and do not originate solely from historical site activities given their 
presence in up-hydraulic gradient wells.  

 Elevated concentrations of nutrients (nitrate and total nitrogen) were recorded in wells principally to 
the north of the wetland area (MW1(A), MW2(A), MW3, ASSMW10, ASSMW11 and ASSMW13 and 
the highest concentrations were recorded in MW1(A), MW2(A) and MW3 along the northern 
boundary of the site suggesting that off-site sources are contributing to the overall nutrient loading of 
groundwater beneath the site.  

 Whilst elevated concentrations of total phosphate were recorded in both up and down-hydraulic 
gradient wells in excess of the FWG and LTIWG, the higher concentrations were primarily recorded 
in monitoring bores in the north of the site. Elevated concentrations of phosphorous may be 
accounted for by the use of fertilizers in the north of the site associated with the former market 
gardens.  

 Concentrations of ammonia recorded in the south-east of the site (MW4 and MW5) are considered 
to be resulting from the adjacent landfill site and as such is arising from an off-site source. Ammonia 
appears to be localised along the south-eastern boundary of the site and given the groundwater flow 
direction (south) it is unlikely to migrate beneath the site beyond MW4 and MW5 (i.e. against the 
hydraulic gradient). Ammonia has a low volatility (low Henrys Law Constant) and binds to organic 
material further reducing its mobility. Consequently, low levels of ammonia in groundwater in the 
south-east of the site is not considered to represent a significant risk.  

Based on the bore monitoring undertaken to date there appears to be little evidence that current or 
historical on-site activities have contributed to significant groundwater contamination.   
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The ASSMP (Coffey Environments, 2010a) and DAMP (Coffey Environments, 2009) produced for this 
site have indicated that a bore will be installed in the north-east of the site and will be used for dust 
suppression measures and landscape irrigation for the first two years of the development to aid 
vegetation growth. As indicated in Section 4.2.4, ADWG x10 (for non-recreational use) and STIWG are 
considered to be the most appropriate assessment criteria.  

On the basis that only concentrations of iron exceeded the ADWG x10 and no contaminants exceeded 
the STIWG, the use of groundwater for dust suppression and irrigation is considered appropriate. 
Management procedures for the use of bore water are outlined in Section 8.0.  
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7 PROPOSED SURFACE WATER MONITORING  

Baseline sampling of surface water quality will be commenced prior to remediation or earthworks 
starting.  Sampling will be conducted in the wetland, the drain (two locations and also in the near shore 
area of the Canning River to provide an indication of the likelihood of surface water discharged from the 
site impacting on aquatic biota resident in the near shore area of the canning river adjacent to the site.  
The surface water program will include indicator parameters for acidification processes including: 

 pH 

 metals  (ASS suite) 

 Total Acidity 

 Chloride 

 Sulphate 

 Total Alkalinity 

If these indicators suggest that acidification is occurring, then a full ASS sampling regime will be 
implemented for the surface water sample locations. This sampling will continue though the soil 
remediation program (Contamination and ASS) as part of the Ecotox investigation described in 
Appendix H. 
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8 GROUNDWATER MANAGEMENT AND CONTINGENCY PLAN 

8.1 Groundwater Management 

The development of the site will involve the removal (down to natural surface) of geotechnically 
unsuitable material (uncontrolled fill) which locally exceeds EIL guidelines for metals and contains some 
asbestos sheeting, as well as removal of isolated pockets of contamination as shown in Figure 3. Note 
that remedial works involve the removal of contaminated and geotechnically unsuitable fill material only, 
and does not include bulk earthworks or final subdivision works. 

Remedial works are not expected to cause a negative impact to groundwater quality; however, ongoing 
groundwater monitoring will allow an assessment of the groundwater quality post-remedial works.  

Investigations undertaken by Coffey Environments (formerly ATA) identified that acid sulphate soils 
(ASS) are present at the site, triggering the preparation of an Acid Sulphate Soil Management Plan  
(ASSMP) (Coffey Environments, 2010a). ASS was encountered within the east-west portion of the 
wetland and extending from the wetland to the foreshore along the western edge of the site, as shown 
in Figure 3).  Acidity is primarily associated with black peaty material as well as grey silty sands  
(ATA, 2003a). Works with the potential to directly disturb ASS include enhancement of the wetland and 
non-wetland POS areas, excavation of uncontrolled fill and geotechnically unsuitable material from the 
remainder of the site, and linear trenching to install buried services. Indirect disturbance, (via 
dewatering) may be required during both bulk earthworks and subdivision works. 

The ASSMP (Coffey Environments, 2010a) provides a strategy for the management of both the 
excavation and treatment of ASS and dewatering so as to minimise the possibility of adverse impacts 
from the disturbance of ASS during site works. The Dewatering Management Plan (lodged with the 
Application for the Dewatering Licence) will detail exactly how dewatering works will be undertaken to 
comply with the ASSMP. 

8.1.1 Groundwater Monitoring Frequency 

Remedial works are anticipated to take approximately three months. On the basis of the results of the 
baseline groundwater monitoring, it is proposed to undertaken groundwater monitoring during and after 
ASS disturbance and dewatering at the site, as stipulated in the ASSMP (Coffey Environments, 2010a). 
The frequency and analytical parameters required for the monitoring will vary based on field 
measurements of untreated dewatering effluent as specified in Table 5 of the ASSMP (Coffey 
Environments, 2010a).  

Upon completion of remedial works, it is proposed to undertake three-monthly groundwater monitoring 
for a period of six months (i.e. two rounds) to assess the impact of remedial works on groundwater. At 
this point, the need for further groundwater monitoring will be evaluated.  

8.1.2 Groundwater Contingency Plan  

As bulk earthworks and subdivision works will be undertaken in stages (where each stage may take one 
to two months) there will be a considerable period of groundwater monitoring for ASS parameters, 
which will allow an assessment of groundwater quality with time. If groundwater monitoring conducted 
as part of the ASSMP suggests that groundwater quality is being significantly impacted, the following 
actions will be taken: 
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1. The site Auditor and the DEC will be notified of the impacts.   

2. The extent and frequency of monitoring to be completed under this plan will be reviewed after 
considering the data generated from ASS monitoring. 

3. If necessary additional monitoring or remedial actions will be implemented in consultation with the 
site Auditor and/or DEC. 

Significant change for the purpose of notifying the auditor will be as follows: 

 pH reading of <4.5. 

 Total Acidity readings in excess of 30mg/L. 

 Any other parameter varying in a trend by more than 10% from baseline readings.  Note that a single 
reading in the range 10-20% of baseline will not be regarded as significant until confirmed by a 
second reading taken within two weeks for the first reading with a result more than 10% above 
baseline.  

To ensure that the Auditor remains informed, copies of all groundwater reporting will be forwarded to 
the Auditor for information. 

8.1.3 Use of Bore Water for Dust Suppression and Irrigation 

On the basis that only concentrations of iron exceeded the ADWG x10 and no contaminants exceeded 
the STIWG, the use of groundwater for dust suppression and short term irrigation (for the establishment 
of gardens and lawns) is considered appropriate. However, on the basis that some elevated 
contaminant concentrations were recorded in groundwater the following measures will be put in place to 
limit any potential negative effects:  

1. The upper 10cm of surface soil cover will be dampened down. This is considered sufficient volume 
to control dust whilst limiting excessive infiltration to the underlying aquifer. Should excessive 
surface run-off be produced, it will be managed appropriately (i.e. bunding) to ensure no water 
reaches the wetland or surface waters.  

2. The root zone of the proposed landscaping will be assessed and calculations for the volume of water 
required and the application rate will be completed to limit excessive infiltration to the underlying 
aquifer.  
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9 GROUNDWATER ANALYSIS AND SAMPLING METHODOLGIES  

9.1 Data Quality Objectives 

The following data quality objectives (DQO) are suggested as being appropriate for any subsequent 
groundwater monitoring and are consistent with the process set out in AS 4482. The DQO defines how 
the quality of the data collected through the various phases of the investigation is to be assessed.  
These criteria are summarised in Table O. 

TABLE O 
EVALUATION CRITERIA OF THE VARIOUS FACETS OF THE INVESTIGATION 

Feature Evaluation Criteria 

Documentation and data completeness  Site conditions properly described. 

 Sampling locations properly described. 

 Completion of field records, calibration results, Chain of 

Custody documentation, laboratory test. certificates from NATA 

registered laboratories. 

 Samples collected from all areas of potential environmental 

concern identified (in consideration of works scope). 

 Samples are tested for all appropriate COPC. 

Data comparability  Use of appropriate techniques for the sampling, storage and 

transportation of samples. 

 Use of NATA certified laboratory using NEPM procedures. 

 Use of NATA certified check laboratory. 

Data representativeness  Collection of representative samples from each sampling 

location. 

 Collection of representative samples across the site. 

 Use of the appropriate techniques for the sampling, storage 

and transportation of samples. 

 Collection of equipment rinsate, field blanks and trip blanks at 

a frequency of one per day whilst underrating groundwater 

sampling.  
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TABLE O 
EVALUATION CRITERIA OF THE VARIOUS FACETS OF THE INVESTIGATION 

Feature Evaluation Criteria 

Precision for sampling and analysis  Use of properly trained and qualified personnel. 

 Use of duplicate and triplicate samples to be collected at a 

minimum rate of 1 in 20. 

 RPDs to be less than 50%. 

 Acceptable recovery of trip spikes. 

 Acceptable quality of rinsate blanks. 

Accuracy for sampling and analysis  Achieve laboratory QC criteria. 

 Blanks returned with no contamination. 

 All matrix and surrogates returned acceptable results. 

Groundwater sampling methodologies will be completed in accordance with procedures outlined in 
Section 4.2.1. Field quality control protocol will be completed in accordance with that outlined in  
Section 4.2.2 and the assessment criteria used will be as per specifications of the ASSMP (Coffey 
Environments, 2010a).  

9.2 Reporting Requirements 

9.2.1 Pre- Earthworks Operations  

Groundwater monitoring data will be presented to the DEC after the second round of post-remedial 
groundwater monitoring (i.e. six months after completion of remedial works). Copies of all groundwater 
reporting will be forwarded to the Auditor for information. 

9.2.2 During Earthworks Operations 

Monitoring will be conducted during periods when acid sulphate soils are being disturbed due to the 
more extensive and intrusive nature of these works.  As indicated in Section 6.1.2 and also in the 
ASSMP (Coffey Environments, 2010a), in the event that there is evidence that groundwater quality is 
being impacted as a result of processes associated with the oxidation of acidic or potentially acidic 
soils, a review will be undertaken of the need for additional monitoring or management under this 
groundwater management plan.  The outcome of the review and any additional management measures 
will be discussed and agreed with the Auditor 

9.2.3 Post-Remediation and Earthworks  

If post-remediation groundwater data indicates significant increases of contaminants in groundwater 
that are attributable to on-site impacts, and which have the potential to impact on the Canning River 
environment, then the DEC will be notified so that an appropriate management strategy can be 
emplaced. It is likely that the management strategy will involve one or more of the following measures: 
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 Review of current site works to address possible alternative sources of contaminants; 

 Increased monitoring frequency to verify the contaminant trends; 

 Assessment of possible on-site management strategies (e.g. removal of any residual contamination 
that may be contributing to groundwater impacts, pump and treat options or installation of permeable 
reactive barriers). The exact nature of such strategies can only be determined based on and 
assessment of the nature and extent of the impacts that are detected; 

 Sampling and analysis of Canning River water to assess any potential impact; and 

 Risk-based assessment of any potential impacts on the river/wetland environment and/or human 
health. 
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11 STATEMENT OF LIMITATIONS 
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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
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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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