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SURFACE WATER AND SEDIMENT CONTAMINATION
ASSESSMENT

CFA Fiskville Training College, 4549 Geelong-Ballan Rd, 
Fiskville, Victoria

EXECUTIVE SUMMARY
Introduction

Cardno Lane Piper Pty Ltd (Cardno Lane Piper) was engaged by Ashurst (the Client) on 
19 July 2012 to conduct a Surface Water and Sediment Contamination Assessment 
(Assessment) in order to characterise the sources of contamination by PFOA1 and PFOS in 
the surface water bodies at the Country Fire Authority (CFA) Fiskville Training College, 
4549 Geelong-Ballan Rd, Fiskville, Victoria (the site).

Background

The purpose of this Assessment is to provide advice on the surface water contamination 
status at the site, and, in particular, to address recommendations identified in the Professor 
Rob Joy (June 2012) Fiskville, Understanding the Past to Inform the Future - Report of the 
Independent Fiskville Investigation (herein after referred to as the IFI Report). The IFI Report
had a total of ten recommendations including Recommendation 3 which stated:

“That further investigations be undertaken into surface waters in and discharging from 
Lake Fiskville to:
a) better quantify the risk to downstream human health receptors, taking into account 

downstream dilution and environmental fate and transport mechanisms;
b) investigate potential sources of PFOA and PFOS discharges to Lake Fiskville and 

discharging off site, if the potential risk of adverse impact on downstream human 
health receptors is found to be unacceptable;

c) collect surface water samples at a representative location to assess whether the 
reported copper and zinc concentrations are consistent with background levels; 
and

d) assess the ecological condition of Lake Fiskville.”

Recommendations 3b and 3c are addressed in this report.

Objectives

The objectives of this Assessment are:
Investigate potential sources of PFOS and PFOA and other key contaminants discharging 
into Lake Fiskville and discharging off-site;
Assess the quality of surface waters and sediments on-site at Fiskville and off-site both 
downstream and upstream from Lake Fiskville;
Assess the background concentrations of key contaminants including PFOS, PFOA, zinc 
and copper; and

1 PFOA = Perfluorooctanoic acid and PFOS = Perfluorooctane sulfonate.
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Assess Water quality of surface water discharge to the receiving water bodies protected by 
the State Environment Protection Policy - Waters of Victoria (SEPP Waters of Victoria).

Scope of Work

The scope of this assessment was to collect representative samples from surface water and 
sediments from water bodies at the Site, shown in Figures 3a, 3b and 3c in Appendix A, and
other surface water bodies potentially receiving water from the Site (Beremboke Creek and its 
downstream extension Eclipse Creek and Moorabool River further downstream). In order to 
address the study objectives, the following scope was carried out:

Determine the concentration of Perfluorinated Compounds (PFC) in the water column and 
sediment samples from Dams 1 to 4, the Drainage Channel, Lake Fiskville and surface 
waters upstream and downstream from the site. The off-site sampling effort extended to 
approximately 10 km upstream and 44 km downstream from the site.
Assess the concentrations of the Contaminants of Interest (COI) being discharged from 
the site and the extent of detectable levels of PFC off-site.
Assess whether the concentrations of copper and zinc identified on-site are significantly 
higher than background levels.

Assessment Program

Cardno Lane Piper carried out the following tasks in order to address the objectives of this 
assessment:

Site history review: the completion of a site history review focussing on the timing of the 
development of the various dams and lake, and the surface water management system at 
the Site;
First field event: surface water and sediment sampling was completed on 1 to 21 August 
2012. This was conducted at the following locations: Dam 1 to Dam 4; the Drainage 
Channel (which runs north to south, collects excess water run-off adjacent to the PAD 
area and also connects Dam 2 to Dam 3); Lake Fiskville; and two on-site and three off-site
locations in Beremboke Creek2 (i.e. one upstream and four downstream of Lake Fiskville).
Second field event: surface water and sediment sampling was also completed on 24 to 
25 October 2012. This sampling effort was completed at the following locations: three
surface water and sediment samples upstream from the site; and six surface water and 
sediment samples downstream from the site.
Sediment Pore Water Assessment: further sample investigations were undertaken to 
assess the chemical contribution of sediment pore water to surface water interaction
(including additional laboratory analysis of selected sample and desktop study).
Third Field Event: sampling upstream of the Site for background concentrations of 6:2 
FtS, PFOA, PFOS, copper and zinc was also completed on 26 to 28 March 2013.
Fourth Field Event: supplementary surface water and sediment assessment which 
included re-sampling of selected locations and four new locations in Beremboke Creek 
downstream of the Site, completed on 19 June 2013.
Report: the preparation of this report detailing the findings of the above objectives of this 
Assessment.

2 The Ballan Geological Map Series 1:50,000 (1986) refers to a surface water body upstream of Lake Fiskville as 
Swamp Gully and the surface water body downstream of Lake Fiskville as Beremboke Creek (hereinafter referred 
to as the Creek). However, for the purpose of this Assessment the natural surface water body running across the 
site will be identified as the Beremboke Creek or the Creek.
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Although the use of fire-fighting foam containing PFOS at the site has ceased since 2007 (Joy, 
2012), detectable levels of PFC have been identified in samples of water and sediment from 
most locations both on-site and off-site. These results are briefly summarised below for the 
surface water and sediment findings.

Discussion of Results

The main mode of contaminant transport between the dams, Lake Fiskville and subsequently 
off-site is dissolved contaminant (primarily PFCs) in the water which in turn contaminates the 
sediments in water bodies on-site and off-site.

Surface Water 

The results of surface water testing characterise the contamination sources derived from fire 
fighting training and are represented by the effluent water in Dam 1. They also show the 
nature and extent of contamination from this source in the other dams and Lake Fiskville. Most 
of the contamination indicators do not persist beyond the dams with the exception of PFCs 
which are found in Lake Fiskville and downstream.

Specifically, the surface water results for the on-site samples shows that the concentrations of 
PFC, namely 6:2 FtS3, PFOA and PFOS in Dams 1, 2, 3 and 4 are elevated above the 
assessment criteria. The highest values are in Dams 1 and 2. Since PFOS and PFOA have 
not been constituents in foam used since 2007, it is inferred that the observed concentrations
are due to residual contamination in the water which was recirculated from Dam 2 for training 
purposes prior to 26 June 2012. Foams used after 2007 contain 6:2 FtS which was also 
recirculated prior to June 2012 and is reflected in the water quality. The sediment quality 
reflects the contamination in the water column above.

The concentrations of copper and zinc in Dams 1 to 4 and Lake Fiskville are higher than the 
assessed background levels in water bodies upstream of the site.
Petroleum Hydrocarbons were detected in Dams 1 to 4, the Drainage Channel, and only two 
sample locations in Lake Fiskville. These chemicals readily biodegrade and do not leave the 
site in any detectable amount.
Other chemical contamination indicators such as ammonia, Chemical Oxygen Demand (COD), 
Biochemical Oxygen Demand (BOD) and Total Kjeldahl Nitrogen (TKN) indicate contamination 
by nutrient and biodegradable chemicals entering the system from the fire training effluent at 
Dam 1. These indicators are generally much lower in Lake Fiskville than in Dams 1 and 2;
however, there are other sources contributing to these indicators such as animal faeces from 
cattle and wildlife at and upstream of the lake and other agricultural sources such as fertiliser.
These indicators do not point to any impact specifically from training activities at the FTC.

Off-site surface water investigations focused primarily on 6:2 FtS, PFOA, PFOS, copper and 
zinc as required by the IFI Report recommendations. This parameter list was enlarged for 
some phases of the investigations and additional PFC compounds were also reported for the 
downstream samples in Beremboke Creek, within 1.3 km of the Site. The levels of copper and
zinc in the off-site samples along the Beremboke Creek are higher than background levels.
This indicates that dissolved copper and zinc in Beremboke Creek below the lake is likely to 
be derived from the site.

The assessment of PFOA and PFOS in the off-site water samples showed detectable levels of 
PFC downstream at a distance of up to 18 km. 

3 6:2 FtS - 6:2 Fluorotelomer Sulfonate
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The next sample downstream was 28 km from the site and reported no detectable level of 
PFOA and PFOS. Locations between 18 and 28 km downstream were on private property 
and not accessible for sampling.

All surface water samples taken from the Moorabool River reported PFC concentrations below
the laboratory limit of reporting (LOR) of 0.02 μg/L (sample locations are shown in Figures 10a 
to 10c in Appendix A).

The upstream samples in Beremboke Creek were all below the laboratory limit of reporting for 
PFC.

Sediments

The results for sediment testing are more complex than for water due to the different phases of 
contamination occurrence in a sediment. That is, the contaminant can be adhered to the 
sediment or is dissolved in the pore water or a combination of both. Concentration in all
sediment testing is on a ‘wet weight’ basis which incorporates both phases of contamination
occurrences.

The assessment against the ANZECC ISQG criteria indicated that there are no criteria for 
PFC, although there are criteria for metals.  The Environment Agency (EA) UK criterion for 
PFOS was adopted (95% species protection criterion of 67 μg/kg).

The results for sediment testing, similarly to water, show that the sediments in Dams 1 & 2 are 
the most contaminated and those in Lake Fiskville are much less contaminated (an order of 
magnitude less) although still greatly exceed the assessment criterion of 67 μg/kg for PFOS. It 
is notable that the lake was partially cleaned out in 2007, although it is likely that the deeper 
southern pond was not cleaned out and is a ‘trap’ to sediment.

The levels of PFC in sediments in Dams 3 and 4 are quite low as these were constructed
relatively recently (1999 and 2004 respectively). The higher PFC concentrations in Lake 
Fiskville, compared with Dams 3 and 4, can be explained by the discharge from a drain which 
connected Dam 1 and Lake Fiskville in the early 1970s,

Other compounds that have been detected in sediments are:
Petroleum Hydrocarbons in sediments in Dam 1 and Total nitrogen (Total Kjeldahl 
Nitrogen) throughout the sediment in the dams and lake.
Off-site sediment investigation focused primarily on 6:2 FtS, PFOA, PFOS, copper and 
zinc, as for the water investigation. Copper and zinc downstream are within background 
levels and the Site does not seem to be contributing to these metals in sediments off-site.
The results for PFOA and PFOS in sediments off-site showed detectable but low levels of 
PFCs, two to three orders of magnitude less than Dam 1. All four upstream sediment 
samples, near the Site, had detectable PFOS concentrations below the assessment 
criteria. Downstream, the concentrations of PFCs in sediment decrease rapidly away from 
the site, PFOS being in the range 30 to 229 μg/kg less than 2 km downstream and in the 
range 11 and 4.5 μg/kg between 9 and 18 km from the Site. PFOA is not detected after 
9 km from the site and 6:2 FtS is not detectable beyond a distance of 1.2 km from the site.
Additional PFC compounds reported for samples along the Beremboke Creek downstream 
of the Site, within 1.3 km of the Site. 
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Sediment Pore Water

An additional assessment was made of the concentration of the contaminants of interest in the 
sediment pore water in addition to the total sample ‘dry weight’ basis of reporting. This was 
necessary in order to identify whether the contaminant was primarily in the pore water or 
adsorbed to the sediment. This assessment provided information on the potential for ongoing 
sediment contribution of PFC to the surface water.  It was also important input to the 
assessment of the feasibility of remediating the sediment using a drying method.

The samples were prepared using a centrifuge to separate the pore water from the sample
matrix, allowing for separate testing of each material.

The pore water investigation showed that the shorter chain PFC molecules, such as 6:2 FtS, is 
in higher concentration than the longer chain PFC such as PFOS. PFOS has a significantly 
lower pore water concentration than that in the water column above the sediment.

Conclusions

With respect to the IFI Report Recommendations 3b and 3c:
The water management system at the site has been a source of PFC entering Lake 
Fiskville and the downstream surface water environment since the use of PFC-containing 
foams commenced. This is believed to have commenced early in the period of CFA’s 
occupation of the site (mid-1970s), although foams containing PFOS & PFOA were 
discontinued in 2007.
Water discharges from Lake Fiskville following periods of wet weather and only after the 
lake level reaches its spillway. When this overflow occurs, PFCs in the water bodies on-
site, including Lake Fiskville, can discharge off-site due to the residual mass of these 
chemicals in the dams and lake. The concentration of the lake discharge depends on the 
amount of runoff from the creek catchment (dilution effect) and rate of discharge from the 
fire training area (contributing contaminated water to the lake).
The concentrations of copper and zinc in water and sediment on-site are consistently 
higher than background levels, particularly for Dams 1 and 2, and Lake Fiskville. Copper 
and zinc is also elevated above background in water discharging from the Site.
Observations made at the locations of sampling downstream did not identify any water 
supply infrastructure (e.g. water pumps or wind mills) likely to indicate taking of water from 
the Creek for uses such as water supply for humans or stock.
An assessment of the Beneficial Uses of water bodies protected by the State Environment 
Protection Policy - Waters of Victoria (SEPP Waters of Victoria) indicated that the on-site
dams are not water bodies requiring protection by the policy. However, the off-site water 
bodies and creeks are protected by policy and the artificial Lake Fiskville is deemed to be 
protected due to its evident environmental values.
The beneficial uses of water considered relevant to the study area are limited and not all 
are applicable in every water body, especially due to the ephemeral nature of Beremboke 
and Eclipse Creeks.  However, the maintenance of ecosystems is a ‘protected use’ in 
each of these water bodies and also in the high environmental value of Moorabool River.
The water quality criteria specified or referenced in the SEPP provide values for most of 
the chemicals of interest, except for PFCs. Criteria for PFC were taken from published 
sources.
The beneficial uses of surface water potentially impacted by the chemicals of interest 
include:

Drinking water (in Lake Fiskville, Beremboke and Eclipse Creeks)
Stock water  (in Lake Fiskville and Beremboke Creek immediately downstream)
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Primary and secondary contact recreation (Lake Fiskville only)
Maintenance of Aquatic Ecosystems (Lake Fiskville, Beremboke and Eclipse Creeks 
using ecological criterion of 0.023 μg/L).

The sediments in water bodies on-site and off-site have been assessed and compared to 
the available criteria. This shows sediments have been impacted by PFC, hydrocarbons 
and metals in most of the water bodies on-site. The sediments in water bodies off-site are 
contaminated with PFCs exceeding the criterion for a distance of not more than 2 km 
downstream and the concentration rapidly decreases between the site and that distance.
Assuming that the only water body on-site requiring protection by SEPP is Lake Fiskville, 
the sediment quality is a driver for remediation of the lake water and sediment. However, 
the water and sediments in the dams (not protected by policy) also require remediation as
they are an ongoing source of PFC contamination to Lake Fiskville and water bodies 
downstream. 

Other PFCs such as, but not limited to Perfluorobutane sulfonate, Perfluorohexane 
sulfonate, Perfluorohexanoate and Perfluoroheptanoate were detected in the creek off-site 
in some instances at similar concentrations to PFOS. Given the greater environmental
mobility of the lower molecular weight PFCs, these should be included in future surface 
water and sediment assessments. 

Recommendations

It is recommended that:
1. All reasonable measures be taken to reduce or stop further discharge of contaminated 

water from the water management system at the Site, including Lake Fiskville; from 
discharging to surface waters downstream;

2. Surface soil sampling and testing should be conducted along the ‘former’ drainage lines 
which connected Dam 1 to Lake Fiskville noted in Section 3.1;

3. Further sediment sampling and testing be undertaken to confirm the extent of PFC 
contamination in the Creek, as well as sediment sampling and testing of farm dams located 
on the Creek downstream of the Site, to at least sample location CKE on Beremboke 
Creek. (This work was recently commissioned by CFA);

4. The data in this report on water and sediment quality be taken into account in the 
assessment of ecological or human health risk undertaken for the site or downstream;

5. Assess the potential for nutrients from the STP (the existing or upgraded unit) to impact on 
the water quality of Lake Fiskville;

6. Assess the PFC contribution from leaching of residual AFFF adsorbed onto concrete 
surfaces in the PAD areas;

7. Further surface water and/or sediment assessments should include a selective screening 
for extended PFC compounds also present at the Site; and

8. Remediation works should be carried out based on the assessments of risk and the 
feasibility of remediation, work which is currently underway. Following the conclusion of the 
feasibility assessment, the most suitable option for remediation and management of 
surface water and sediments in the on-site water bodies should be implemented.
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Limitations

While this Executive Summary has endeavoured to accurately summarise the key points of the 
surface water investigation report, the latter shall take precedence and this Executive 
Summary must be read in conjunction with the full report (Our ref.: 212163.9Report01.8).
While this executive summary has been undertaken in accordance with the current industry 
guidelines and practices, there may be some limitations on the meaning and use of this 
summary.
Cardno Lane Piper 
March 2014
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List of Abbreviations and Units

Chemical Names
6:2 FtS 6:2 Fluorotelomer Sulfonate

8:2 FtS 8:2 Fluorotelomer Sulfonate

BTEX Benzene, Toluene, Ethylbenzene & Xylenes (subset of MAH)

CHC Chlorinated Hydrocarbons

MAH Monocyclic Aromatic Hydrocarbons

OCP OrganoChlorine Pesticides

OPP OrganoPhosphate Pesticides

PAHs Polycyclic Aromatic Hydrocarbons

PCBs PolyChlorinated Biphenyls

PFAS Perlfuoroalkylsulfonate

PFC Perfluoro Compounds

PFOA Perfluorooctanoic Acid

PFOS Perfluorooctane Sulphonate

PFOSA Perfluorooctanesulfonamide

PFHxS Perfluorohexane sulfonate

PFHxA Perfluorohexanoate

PFHpA Perfluoroheptanoate

PFNA Perfluorononanoate

PFDcS Perfluoro Dodecane Sulfonate

PFUnA Perfluoro Undecanoate

PHC Petroleum Hydrocarbons

SVOC Semi-Volatile Organic Compounds

TDS Total Dissolved Solids (salinity of water)

TKN Total Kjeldahl Nitrogen

TOC Total Organic Carbon

TPH Total Petroleum Hydrocarbons

TRH Total Recoverable Hydrocarbons 

VOC Volatile Organic Compounds

VHC Volatile Halogenated Compounds

Technical Terms
AGL Above Ground Level

AHD Australian Height Datum

AMG Australian Map Grid

ANZECC Australian and New Zealand Environment and Conservation Council

212163.9 Report01.8 Page xiv



Privileged and Confidential
                   Surface Water and Sediment Contamination Assessment

Fiskville Training College, 4549 Geelong-Ballan Road, Fiskville, Victoria
Ashurst

AST Aboveground Storage Tank

BDL Below Detection Limit

BGL Below Ground Level

BSWL Below Surface Water Level

BOD Biological Oxygen Demand

COC Chain of Custody

COD Chemical Oxygen Demand

COI Contaminants of Interest

CoEA Certificate of Environmental Audit

CoPC Chemicals of Potential Concern

DNAPL Dense Non-Aqueous Phase Liquid

DO Dissolved Oxygen

EC Electrical Conductivity

EILs Environmental Investigation Levels

EPA Environmental Protection Authority

ESA Environmental Site Assessment

GCMS Gas Chromatograph - Mass Spectrometer

GDB Groundwater Database (Department of Natural Resources and Environment)

GME Groundwater Monitoring Event

HILs Health Investigation Levels

LNAPL Light Non-Aqueous Phase Liquid

LOR Limit of Reporting

N/A Not Applicable

NAPL Non-Aqueous Phase Liquid

NEPM National Environmental Protection Measure

PID Photo-ionisation detector (measures in ppm)

POP Persistent Organic Pollutant

PQL Practical Quantitation Limit

PSH Phase Separated Hydrocarbon

QA Quality Assurance

QC Quality Control

RL Reduced Level

RPD Relative Percentage Difference

SoEA Statement of Environmental Audit

TIT Triple Interceptor Trap

UCL Upper confidence Limit ("95% UCL of the mean" is a value for the mean 
concentration from sampling which has only a 5% chance of being greater than the 
true mean value.)

UST Underground Storage Tank
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WQC Water Quality Criteria

Units
Ha Hectares

mBGS Metres Below Ground Surface

mBSWL Metres Below Surface Water Level

mg/kg Milligram per Kilogram (approximately equivalent to ppm)

mg/L Milligram per Litre

mTOC Metres below Top of Casing

ppb Part per Billion

ppm Parts per Million

μg/kg Microgram per Kilogram (equivalent to ppb)

μg/L Microgram per Litre

μS/cm Micro Siemens per Centimetre (Electrical Conductivity - Water)

ng/kg Nanogram per Kilogram (equivalent to ppt)

ng/L Nanogram per Litre (equivalent to ppt)

Site Specific
AFFF Aqueous Film Forming Foam

AR-AFFF Alcohol Resistant – Aqueous Film Forming Foam

CFA Country Fire Authority

CK Creek

D1 Dam 1

D2 Dam 2

D3 Dam 3

D4 Dam 4

DC Drainage Channel

IFI Independent Fiskville Investigation

LF Lake Fiskville

NICNAS National Industrial Chemicals Notification and Assessment Scheme

PAD Practical Area Drill

RTG Regional Training Ground

SCA Soil Composting Area
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SURFACE WATER AND SEDIMENT CONTAMINATION 
ASSESSMENT

CFA Fiskville Training College, 4549 Geelong-Ballan Rd, 
Fiskville, Victoria

1 INTRODUCTION

1.1 Background

Cardno Lane Piper Pty Ltd (Cardno Lane Piper) was engaged by Ashurst (the Client) on
behalf of the Country Fire Authority (CFA), to conduct an investigation of contamination in 
surface water bodies associated with the CFA Fiskville Training College, 4549 Geelong-
Ballan Rd, Fiskville, Victoria (the Site) The location and features of the Fiskville Training 
College are shown on Figures 1 and 2 (presented in Appendix A).

This task arose from the findings of the Professor Rob Joy’s report (June 2012) Fiskville, 
Understanding the Past to Inform the Future - Report of the Independent Fiskville Investigation
(herein after referred to as the IFI Report). The IFI Report identified the surface water bodies 
at the site including Lake Fiskville to be potentially impacted from the site activities with 
discharge from Lake Fiskville to off-site surface water bodies. Recommendation 3 of the IFI 
Report stated:

“That further investigation be undertaken into surface waters in and discharging from 
Lake Fiskville to:
a) better quantify the risk to downstream human health receptors, taking into account 

downstream dilution and environmental fate and transport mechanisms;
b) investigate potential sources of PFOA and PFOS4 discharges to Lake Fiskville and 

discharging off site , if the potential risk of adverse impact on downstream human 
health receptors is found to be unacceptable

c) collect surface water samples at a representative location to assess whether the 
reported copper and zinc concentrations are consistent with background levels; and

d) assess the ecological condition of Lake Fiskville.”

The IFI Report identified that “the majority of analysis of surface water and sediment form Lake 
Fiskville reported levels well below drinking water quality criteria, with the exception of analysis 
for PFOA and PFOS” and concluded that “It is to be expected the PFOS and PFOA residues 
will have moved off-site via Lake Fiskville, particularly in the years prior to the upgrade of the 
treatment system”.

This Assessment provides a response to Recommendations 3b and 3c of the IFI Report –to 
assess the sources of PFOS, PFOA, copper and zinc in surface water and sediments on and 
off-site, and their impacts to the water quality in on-site surface water bodies and the off-site
Lake Fiskville. Additional upstream sampling was also undertaken to establish background 
conditions.

4 PFOA - Perfluorooctanoic acid and PFOS - Perfluorooctane sulfonate.
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Recommendation 3a and 3d in the IFI Report are outside the scope of this Assessment;
however, these are covered in reports of separate investigations by Cardno Lane Piper, 
namely:

Site History Review (Cardno Lane Piper, 2014a);
Targeted Soil Assessment (Cardno Lane Piper, 2014b);
Groundwater Contamination Assessment (Cardno Lane Piper, 2014c);
Buried Drums Assessment (Cardno Lane Piper, 2014d);
Aquatic Ecology Assessment (Cardno, 2014);
Human Health Risk Assessment – Fiskville Community (Cardno Lane Piper, 2014e); and
Human Health Risk Assessment – Downstream Users (Cardno Lane Piper, 2014f);

The interaction between the current Surface Water and Sediment Contamination Assessment
and the above reports will be identified where relevant throughout this report where 
comparisons to other Site specific information are warranted.

Following commencement of this assessment, the Environment Protection Authority of Victoria 
(EPA) issued CFA with two Clean Up Notices (CUN) for the site on 22 January 2013. The 
CUN included a requirement for an EPA appointed Environmental Auditor to undertake 
Statutory Environmental Audits of the site – specifically to assess impacts from contamination 
at the site and potentially discharging from the site. The current report will be provided to the 
Auditor for his consideration.

1.2 Purpose & Objectives

The purpose of this Assessment is to provide advice on the surface water contamination 
status at the site, and, in particular, to address recommendations 3b and 3c of the IFI Report
(Joy, 2012). The objectives of this Assessment are the following:

Investigate potential sources of PFOS and PFOA and other key contaminants discharging 
into Lake Fiskville and discharging off-site;
Assess the quality of surface waters and sediments on-site at Fiskville and off-site both 
downstream and upstream from Lake Fiskville;
Assess the background concentrations of key contaminants including PFOS, PFOA, zinc 
and copper; and
Assess Water quality of surface water discharge to the receiving water bodies protected by 
the State Environment Protection Policy - Waters of Victoria (SEPP Waters of Victoria).

1.3 Scope of Assessment

Cardno Lane Piper carried out the following tasks in order to address the objectives of this 
Assessment:

Site history review: the completion of a site history review focussing on the timing of the 
development of the various dams and lake, and the surface water management system at 
the Site;
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First field event: surface water and sediment sampling was completed on 1 to 21 August 
2012. This was conducted at the following locations: Dam 1 to Dam 4; the Drainage 
Channel (which runs north to south, collects excess water run-off adjacent to the PAD area
and also connects Dam 2 to Dam 3); Lake Fiskville; and two on-site and three off-site
locations in Beremboke Creek5 (i.e. one upstream and four downstream of Lake Fiskville);
Second field event: surface water and sediment sampling was also completed on 24 to 
25 October 2012. This sampling effort was completed at the following locations: three
surface water and sediment samples upstream from the site; and six surface water and 
sediment samples downstream from the site;
Sediment Pore Water Assessment: further sample investigations were undertaken to 
assess the chemical contribution of sediment pore water to surface water interaction
(including additional laboratory analysis of selected sample and desktop study;
Third Field Event: sampling upstream of the Site for background concentrations of 6:2 
FtS, PFOA, PFOS, copper and zinc was also completed on 26 to 28 March 2013;
Fourth Field Event: supplementary surface water and sediment assessment which 
included re-sampling of selected locations and four new locations in Beremboke Creek 
downstream of the Site, completed on 19 June 2013; and
Report: the preparation of this report detailing the findings of the above objectives of this 
Assessment.

1.4 Relationship to Aquatic Ecology Assessment Report

The current assessment provides the factual basis for a number of related studies by Cardno
Lane Piper into the risks of impacts by contamination to human health and the natural and 
modified ecology of the site and streams downstream (Cardno Lane Piper, 2014e & 2014f).

The Aquatic Ecology Assessment report (Cardno, 2014) specifically addresses the impacts of 
contamination on the aquatic ecology of Lake Fiskville and water bodies downstream into 
which it discharges. Therefore the discussion of the significance of ecological impacts relative 
to the water quality criteria applicable to ecological protection is limited in the current report.

1.5 Standard of Assessment & Limitations 

This assessment has been undertaken in general accordance with the current “industry 
standards” for an Environmental Site Assessment (ESA) for the purpose and objectives and 
scope identified in this report. These standards are set out in:

National Environment Protection Council (1999) National Environment Protection 
(Assessment of Site Contamination) Measure (NEPM 1999);
Standards Australia (2005) Australian Standard AS4482.1- 2005: Guide to the sampling
and investigation of potentially contaminated soil Part 1: Non-volatile and semi-volatile 
compounds (AS4482.1);
Australian and New Zealand Environment and Conservation Council Agriculture and 
Resource Management Council of Australia and New Zealand (2000) Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 2000); and
EPA (2009) Industrial Waste Resource Guideline IWRG701 Sampling and Analysis of 
Waters, Wastewaters, soil and Wastes (IWRG701).

5 The Ballan Geological Map Series 1:50,000 (1986) refers to a surface water body upstream of Lake Fiskville as Swamp Gully 
and the surface water body downstream of Lake Fiskville as Beremboke Creek (hereinafter referred to as the Creek).  However,
for the purpose of this Assessment the natural surface water body running across the site will be identified as the Beremboke
Creek or the Creek.
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This report has been completed following the general requirements of the Assessment of Site 
Contamination Measure (ASC) NEPM (1999). The ASC NEPM was amended in 2013 and 
came formally into operation on 16 May 2013. The ASC NEPM is implemented in Victoria 
through State Environmental Protection Policy (SEPP). EPA Victoria has directed that all 
current investigations can use the old NEPM during the transition period of 12 months before 
full implementation of the amended ASC NEPM (2013). This phase of the assessment was
completed prior to the amended ASC NEPM becoming operational. 

The agreed scope of this Assessment has been limited for the current purposes of the Client. 
The work has been carried out to a standard acceptable as the partial basis for a statutory 
environmental audit. This Assessment may not identify contamination occurring in all areas of 
the site, or occurring after sampling was conducted. Subsurface conditions may vary 
considerably away from the sample locations where information has been obtained.

This assessment report is not any of the following:
An Environmental Audit Report as defined under the Environment Protection Act 1970;
A Detailed ESA or Environmental Site Investigations sufficient for an Environmental 
Auditor to be able to conclude a statutory Environmental Audit; and
A geotechnical report and the bore logs may not be sufficient as the basis for geotechnical 
advice.

An overview of an ESA and the limitations of such an assessment report is included in 
Appendix J.
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2 SITE DESCRIPTION & SAMPLE LOCATIONS

2.1 Geographic Setting

A detailed review of the site geographic setting is presented in the Groundwater 
Contamination Assessment report by Cardno Lane Piper (2014c). In brief however, the site is 
located approximately 65 km west-north-west of the Melbourne central business district (CBD)
and has a total area of approximately 150 ha.

The site is relatively flat in the central and eastern portions, with the exception of western area
(in which the land slopes down towards the Beremboke Creek and Lake Fiskville). The 
topography of the site, looking north, is shown in Figure 2-1. The Beremboke Creek, running 
across the western part of the site in a north to south direction, enters the site west of the 
airfield runway. The Beremboke Creek then continues its course through the artificial Lake 
Fiskville and then exits the site following a southerly flow direction. Figure 2-1 also shows the 
surface elevation differences from Dam 1 and Dam 2, compared to Dam 3, Dam 4, and Lake 
Fiskville.

Figure 2-1: Site Features and topography (March, 2010)

2.2 Surrounding Land Uses

The land uses surrounding the site are summarised in Table 2-1, with a primary focus on 
potential receiving surface water bodies. In brief however, the nearest sensitive receptors are 
considered to be Lake Fiskville and the Beremboke Creek which runs through the site. The
location of on-site surface water bodies are shown on Figure 2-2.

Table 2-1: Surrounding Land Use

Direction Land Use or Activity

North
Large open grassed paddocks
Occasional rural dwellings
Farm land with livestock

West
Farm land with livestock
Lake Fiskville (near the south-east corner of the site) along with the
Beremboke Creek (which runs south west)

East Geelong-Ballan Road
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Direction Land Use or Activity
Farm land with livestock
Yaloak Creek (which is located approximately 250 m east of the site at its 
closest point)
Agricultural land
Occasional dwellings

South

Farm land with livestock.
Surface water bodies which ultimately discharge into Eclipse Creek (located 
approximately 9.0 km from the site) and then the confluence with the 
Moorabool River (located approximately 20 km from the site)

Figure 3a (Appendix A), shows the corresponding sampling locations for the first field event, 
Figure 3b (Appendix A), shows the corresponding sampling locations for the second field 
event and Figure 3c (Appendix A) shows the corresponding sampling locations for the third 
field event.

Figure 2-26: On-site surface water bodies (source after: DPI 2007)

2.3 Sampling Target Areas

The first field event focused primarily on the assessment of on-site surface water bodies. A 
summary of the on-site areas of interest is provided in Table 2-2. These areas are shown in 
Figure 3a (Appendix A).

6 Background image source: DPI – Corangamite Catchment Management Authority, 17 Dec. 2007.

N
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Table 2-2: On-site Area Identification Details – First Field Event

Area Description

Dam 1 Dam 1 is located immediately south of the PAD. The approximate surface 
area is 1,500 m2 and the average depth is 1.0 m.

Dam 2

Dam 2 is located south of Dam 1. The approximate surface area is 5,800 m2

and the average depth is 1.0 m. The current outlet from Dam 2 is located in 
its north east corner. Coffey (1996) report the outlet to be at the south 
western corner of Dam 2. It is assumed that this outfall would be to the 
same drainage alignment as currently joins Dams 3, 4 and Lake Fiskville.

Drainage Channel7

The Drainage Channel is located on the north and eastern side of the main 
drill operations area down to Dam 3. This section of the Drainage Channel is 
approximately 580 m in length. For the purpose of this Assessment, the 
extent of the Drainage Channel was considered only up to the inflow into 
Dam 3. It is assumed that the connecting drainage channel between Dams 
3 and 4, and Dam 4 and Lake Fiskville would be contaminated with similar 
levels of contaminants as Dams 3 and 4.

Dam 3
The approximate surface area of Dam 3 of 2,900 m2 and the average depth
is 1.1 m. Dam 3 receives surface excess spray and run-off from PAD area 
and is connected to Dam 2.

Dam 4
Dam 4 is located in the western portion of the site outside of the drill 
operations area near Lake Fiskville. The approximate surface area is
2,200 m2 and the average depth is 1.4 m.

Lake Fiskville

Lake Fiskville is located on the south western portion of the site. The 
approximate surface area is 18,000 m2, with a depth ranging from 0.8 m on 
its northern portion to 4.7 m on its southern portion.
During dry periods, Lake Fiskville divides into two separate water bodies (as 
can be seen on Figure 2-2).

Beremboke Creek

The Creek runs in a north - south direction along the central to western 
portion of the site. Lake Fiskville receiving the inflow of the Creek on its 
northern end, which then continues to the southern end of the site (outflow 
from the southern end of Lake Fiskville).
The sample locations along the Creek were selected in order to assess
water and sediment quality where it enters the site and also downstream of 
Lake Fiskville (as shown in Figure 9a, Appendix A).

The second field event focused on off-site surface waters locations and these are summarised
in Table 2-3. Figure 3b (Appendix A) shows the corresponding off-site sample locations.

Table 2-3: Off-site Area Identification Details – Second Field Event

Area Description

Extent of Sampling1

The total distance between the targeted areas is approximately 48 km, 
including the two locations upstream of the site to the final sample location 
on the Moorabool River downstream of the Moorabool Water Treatment 
Plant (at the Barwon Water ‘Water Treatment Plant’ at She Oaks).

7 The reference to Drainage Channel in this report is to the channel shown in Figure 2, Appendix A, as “Drainage 
Channel A”. There are other two Drainage Channels connecting outflow between Dam 3 to Dam 4, and Dam 4 to 
Lake Fiskville which were not sampled due to the short distances that these channels have between the connecting 
surface water bodies. The connection between Dams 1 and 2 is via underground pipes, and the discharge from 
Dam 2 into the Drainage The connection between Dams 1 and 2 is via a pipe under the road then an open drain
from Dams 2, 3, 4 and Lake Fiskville.
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Area Description

Upstream 
Beremboke Creek

Location A1 is located at sample location A from the first field event (which 
was re-sampled during the second field event).

Location M Consisted of the furthest point upstream on the Beremboke 
Creek (Swamp Gully) that runs across the site and into Lake Fiskville. 
Location M is approximately 4.0 km from the site2.

Adjacent Creek 
(Upstream)

Location N was selected as a parallel surface water body to the west of the 
site on Pipeclay Gully. This was selected to provide a comparison for 
potential background values. This water body flows into Blair Creek, which 
is also a tributary of the Moorabool River. Location N is approximately 
1.2 km from the site.

Marsh Swamp Area This area was not accessible via public road and therefore it was not 
included in this sampling effort.

Eclipse Creek
(end of Drainage 
Channel)

Location F is the furthest upstream point of the Eclipse Creek at the end of 
the Drainage Channel (i.e. the artificial Drainage Channel which has been 
constructed through the Marsh/Swamp area) just prior to the Drainage 
Channel discharge in to the Eclipse Creek. Location F is approximately 
9.5 km from the site.

Surface Run-off point

Location G was selected as a precautionary sample point, due to surface 
run-off from the drain discharging at the end of the Creek (at the 
Marsh/Swamp area) It was noted in the desktop study that during flood 
periods that there was the potential for excess water to drain to the 
adjoining property. The respective connecting drains near the confluence 
point of Beremboke and Eclipse Creeks is shown in Figure 2-3. The 
approximate distance of Location G from site is 11 km.

Eclipse Creek 
Location I is the furthest point, from the Site, along the Eclipse Creek 
accessible via a public road. This location is approximately 9.0 km along the 
Eclipse Creek just prior to its confluence point with the Moorabool River
(Approximately 18.5 km from the site).

Moorabool River

Location J is the nearest point to the confluence of Eclipse Creek and the 
Moorabool River, located approximately 28 km from the site. 

Location K was located approximately 35 km from the site.

Location L was located downstream from the intake for the Moorabool 
Water Treatment Plant at She Oaks, approximately 44 km from the site.

Note:
1. The off-site sample locations, for the second field work, were selected primarily based on access via public roads.
2. The reference to approximate distances to site are based on the northern site boundary and the distances are not linear 

as it takes into account the meandering of the Beremboke Creek, Drainage Channel, Eclipse Creek and the Moorabool 
river.
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Figure 2-3: Overflow drain to the west of Eclipse Creek – Sample point G (source: 
Nearmap, Feb. 2010)

The third field event consisted of four sample locations being upstream along the eastern and 
western branches of the Moorabool River. Sampling included surface water and sediments at 
each location. The sampling at these locations was undertaken concurrently with the fish 
sampled for upstream analysis as part of the ecology study. The locations are summarised in 
Table 2-4. Figure 3c (Appendix A) shows the corresponding upstream and parallel sample 
locations.

Table 2-4: Upstream and Parallel Sampling Details – Third Field Event

Area Description

North Inlet to 
Bostock Reservoir 

Location Q is the nearest point along the creek reach just north of the 
Bostock Reservoir. The catchment area to the north that contributes into 
this creek has a quite a large surface area and it was considered as a 
suitable point for an upstream of the eastern Moorabool River.

Moorabool River 
East Branch

Location O has a major portion of a State Park to the north of the 
confluence point of Green Hill Gully. The land to the south of the sample 
location point being primarily grazing or agricultural.

Location P is located approximately 4.5 km1 to the west of sample point 
location F.

Moorabool River
Location R is on approximately 3.0 km south of the confluence point of the 
Moorabool River East and West branches, and 7.0 km north of the 
confluence point of the Eclipse Creek and Moorabool River

Note:
1. The reference to approximate distances is based on the meandering of the surface water channel, Creek or River, and

are not linear distances.

Table 2-5 provides a summary of the sample locations for the fourth field event including the 
new sample locations along the Beremboke Creek. The fourth field event is reported in the 
Supplementary Surface Water and Sediment Sampling Downstream included in Appendix I. A 
summary of the findings for the fourth field event with regards to PFC is discussed in Section
5.1 for surface water and Section 7.1 for sediments.
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Table 2-5: Downstream Sampling Beremboke Creek – Fourth Field Event

Area Description

Beremboke Creek

Sample locations1 ‘B’, ‘C’, ‘D’ and ‘E’ where re-sampled as part of the 
supplementary surface water and sediment assessment. An additional four 
sample locations was selected as provide a narrower sampling point 
between sample locations ‘D’ and ‘E’. New sample locations are identified 
as ‘S’, ‘T’, ‘U’ and ‘V’.

Note:
1. The re-sampled locations where identified as ‘B2’, ‘C2’, ‘D2’ and ‘E2’ and shown in Figure 2.1 of supplementary report in 

Appendix I.
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3 SOURCES OF CONTAMINATION
Cardno Lane Piper has undertaken a detailed site history review, which is reported in the Site 
History Review report (2014a). The following Section presents a summary of key relevant 
information addressing potential sources PFOS, PFOA, copper and zinc (as well as a range of 
other contaminants) and activities which are likely to impact surface waters and sediments on-
site and off-site.

While other potential source of PFC contamination may be present at the site, such as release 
of adsorbed PFC from the PAD infrastructure including concrete areas. These sources have 
not been considered in this assessment. The primary scope of this assessment focused on the 
surface water bodies and the corresponding sediments section within the dams and Lake 
Fiskville.

3.1 History of Surface Water Management

The development of surface water management at the Site occurred in stages during the 
development and upgrades of the facility by CFA. Aerial photographs which show the 
development of surface water catchments and drainage systems are provided in Appendix G.
An interpretation of the surface water management system development and corresponding 
connections over a period of 25 years is summarised in Table 3-1.

Table 3-1: History of Surface Water Management System

Location
Aerial 

Photograph
(Year)

Comments

Dam 1

1977

This aerial photograph shows the early development of Dam 1, which 
seemed to have been approximately half its current size and only the 
northern portion (which is orientated east-west).

A Drainage Channel can be observed which connects Dam 1 to the 
northern portion of Lake Fiskville.

1990 Works which resulted on the extension of Dam 1 to the south are 
visible. The drainage channel is still visible to the west of Dam 1.

1998 The 1998 aerial photograph shows the Drainage Channel from Dam 1 
is still present at the site.

Dam 2

1990 Initial work on the development of Dam 2 is visible. Dam 2 appears to 
be constructed from imported red scoria crushed rock material.

1999
Scoria fill imported to site to backfill excavations made to remediate 
soil from the PAD area. A fill platform was placed around Dam 2 to 
reach its current capacity.

Dam 3
1998 Dam 3 has been constructed with a discharge drain from the northern 

portion of Dam 3 to Lake Fiskville being visible.

2001 Dam 3 is in use; however, Dam 4 is not yet visible.

Drainage 
Channel 2002

The Drainage Channel connecting Dams 2 and 3 can be clearly 
identified. This channel extends to the northern portion of the PAD 
area. Dam 4 still not visible. (Note: the drainage channel highlighted in 
Figure 3-1 and Figure 3-2 is in reference to a ‘former’ drainage 
channel which is no longer present or in use at the Site).
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Location
Aerial 

Photograph
(Year)

Comments

Dam 4
2002

Dam 4 not yet in place in 2002. Dam 4 was constructed prior to 
December 20048 as noted in Site History Review report conducted by 
Cardno Lane Piper (2014a).

2007 The 2007 aerial photo shows Dam 4 as in its current configuration.

Dam 1 & 2 26 June 2012 CFA ceased using water from Dams 1 and 2 including for training 
drills.

Surface water run-off including contaminated effluent from fire fighting training drills in the PAD 
area from 1974 up to the late 1990s drained directly from Dam 1 into Lake Fiskville, as shown 
in Figure 3-1. This potentially occurred between 1977 and 1998 when Dam 2 was constructed.
It is assumed that the outfall from Dam 2 has always been to the current drain alignment 
between Dam 3 and Lake Fiskville. A schematic diagram of the connecting drainage channel
from Dam 1 into Lake Fiskville is shown in Figure 3-3.

Figure 3-1: Site Layout9 highlighting Drain to Lake Fiskville from Dam 1

The engineering construction of the dams on-site (i.e. Dams 1 to 4) have not been reviewed 
for the purpose of this assessment. However, it is acknowledged that seepage from the dams 
would be expected and this is addressed in the Groundwater Contamination Assessment 
report conducted by Cardno Lane Piper (2014c).

8 Golder (2012) notes that the construction of Dam 4 was in 2005.
9 Figure 3-3 adopted from C.F.A – Training College Fiskville – Drawing Sewer Drainage and Treatment and 
Stormwater Drainage Site Plan (Knight & Associates, 1981). The areas of interest (i.e. drain and Dam 1, and Lake 
Fiskville) highlighted for the purpose of this report.
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Figure 3-2: Inflow to Dam 1 from North East circa 1985 (source: Golder 2012)

Figure 3-3 provides a simplified flow diagram highlighting the discharges of effluent from the 
PAD to Lake Fiskville from Dams 1 and 2.

3.2 Current Surface Water Management

The on-site surface water bodies investigated during the first field event (i.e. On-site Dams,
Drainage Channel, Lake Fiskville and the Beremboke Creek) are hydraulically connected and 
receive effluent from the training drills on the PAD. Each surface water body also receives 
some stormwater run-off from the adjoining areas. The regional stormwater run-off to Lake 
Fiskville is much larger than to the other water bodies in the system as the lake is an artificial 
lake produced by two dams on the Beremboke Creek.

Figure 3-3 shows a simplified flow diagram of the water flow between the on-site surface water 
bodies considered in this Assessment. Table 3-2 provides a summary of the surface area and 
volume of each of the on-site surface water bodies, with the estimate of volume based on the 
depth of water measured during the first field event in August 2012. The surface water levels 
would vary with the quantity of effluent generated during training periods and also run-off from 
rainfall events.

Cardno Lane Piper is cognisant that overflow of Lake Fiskville occurs in higher rainfall periods.
There is no monitoring of surface water flow on the Beremboke Creek and an assessment of 
the potential contaminant loading off-site based on for example a hydrological model was 
beyond the scope for this assessment. Such models would have uncertainty due to lack of 
data on the effluent water quality in the past.
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Figure 3-3: Schematic of Surface Water Body Connections (not to scale)

Historically during periods of prolonged drought such as in the decade before 2010, water from 
Lake Fiskville was periodically pumped into Dam 2. Cardno Lane Piper understands from 
discussions with CFA staff that this occurred infrequently and mainly at the start of the training 
season.

Table 3-2: Surface Water Body Area and Volume (August 2012)

Surface Water Area (m2) Approximate 
Volume (m3)

Dam 1 1,500 1,400

Dam 2 5,800 5,700

Dam 3 2,900 3,290

Dam 4 2,200 3,190

Lake Fiskville 18,000 45,900
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3.3 Materials Used in Training and Contaminants of Interest

The primary contaminants of interest (COI), as identified in the recommendations of the IFI 
Report (Joy, 2012) relevant for this assessment, are:

Perfluorooctane sulphonate (PFOS);
Perfluorooctanoic acid (PFOA); and
Copper and zinc.

The COI are, in part, associated with the use of AFFF foams which in the past included PFOS 
and PFOA. Since the discontinuation of foams containing PFOS and PFOA in 2007, the 
replacement foams contain other PFCs, such as the Fluorotelomer 6:2 (6:2 FtS). PFOS has 
been identified and classified by authorities as a persistent, bio-accumulative and toxic 
chemical (US-EPA, 2012). Discussion of the human health toxicity aspects of PFC is beyond 
the scope of the current report as it is addressed in separate report on Human Health Risk 
Assessments (Cardno Lane Piper, 2014e & 2014f). The composition of AFFF with 6:2 FtS can 
also have other fluorotelomer compounds of differing carbon lengths and chemical 
characteristics. However, for the purpose of this assessment, PFOS, PFOA and 6:2 FtS have 
been targeted in order to obtain the maximum coverage of data economically.

There are a number of potential sources of contaminants which are associated with fire 
fighting training activities conducted at the site. The contaminants are related to the fuels used 
during live fire training drills to simulate emergencies (such as petrol, kerosene and liquefied 
petroleum gas - LPG), the by-products from burned materials (such as wood, tyres and car 
bodies) and the chemicals derived from the AFFF used to suppress liquid fuel fires.

The main sources of contaminants are summarised below, but not limited to:
Foams;
Petroleum hydrocarbons;
Tyres; and
Cars burnt in drills as well.

The interpretation of site history has identified a number of COI in addition to those detailed in 
the IFI Report (Joy, 2012) which requires assessment. Table 3-3 identifies several potential 
sources of contamination and the corresponding COI. The corresponding numbers for the 
various site features and facilities are cross-referenced to Figure 2, Appendix A.

Table 3-3: Source Areas & Contaminants of Interest

Source
Area Description of Activity/Sources Contaminants of Interest

Dam 1

Former storm water drain, shown in Figure 3-1,
Figure 3-2 and Figure 3-4.
PAD area to the north (Feature No. 27)
TIT and surge basin areas (Feature Nos. 28 and 
29)
‘Foam’ training pad to the west (Feature No. 32a)
Foam training Pits (Feature 45)
Fire training building to the south (Feature No. 
33a)
Surface run-off1 from adjacent grassed areas

Firefighting training 
(Current & Past uses):

PFOS, PFOA, 6:2 FtS
Petroleum hydrocarbons
Metals (such as zinc and 
copper)
VOC
SVOC
TPH
MAH (BTEX)
ExplosivesDam 2 Overflow from Dam 1

Aerosols spray form PAD area 
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Source
Area Description of Activity/Sources Contaminants of Interest

Fire training building to the north (Feature No.
33b)
Car wreck storage to the south (Feature No. 51)
Surface run-off from adjacent grassed area

PAH and Phenols
Dioxin and Furan
Fluoride
Solvents
Amino Aliphatics
Amino Aromatics
Anilines
Chlorinated 
hydrocarbons
Halogenated Benzenes
Halogenated 
Hydrocarbons
Halogenated Phenols
Phthalates

Potential historical site 
uses – pre CFA:

Nitrogen (nitrate, nitrite 
and total nitrogen)
Biological assessment2
(includes e coli, total and 
faecal coliforms)
Herbicides 
Inorganics (e.g. cyanide, 
TKN and Moisture) 
Nitroaromatics
Organochlorine 
Pesticides
Organophosphorous 
Pesticides

Drainage 
Channel

Spray overflow (i.e. aerosols) from PAD area
Overflow of surge basin storage area
Overflow from Dam 2
Storage area to the south east of Dam 2
Surface run-off from adjacent grassed area 
(Feature Nos. 39 and 44)

Dam 3
Inflow from Drainage Channel
Overflow from Dam 2
Surface run-off from adjacent grassed area

Dam 4

Overflow from Dam 3
Explosives used on the south west portion of the 
site (third party use of explosives for training, not 
CFA)
Surface run-off from adjacent paddocks

Lake 
Fiskville

Run off from Dam 1 up to 19983

Treated sewer effluent from STP4 (Feature No. 5)
Inflow from Beremboke Creek
Overflow from Dam 4 (from Dams 3, 2 and 1)
Surface run-off from catchment 

Beremboke 
Creek

Regional catchment upstream of the site is 
considered a potential source of contamination 
from historical agricultural and/or pastoral use.
Overflow from the site to downstream sections of 
the creek resulting in contamination of sediments 
along the Beremboke Creek, and this is a 
potential secondary source of contamination for 
surface waters.

Notes:
1. Surface run-off is noted as a potential source of diffuse contaminants; however, for the purpose of this assessment the 

chemical loading of surface water run-off into the respective water bodies has not been considered.
2. Biological analysis was not conducted on any sediment samples.
3. The overflow from Dam 1 directly into Lake Fiskville is clearly noted in the aerial photograph review until 1998. However, 

the exact period which Dam 1 ceased to discharge into Lake Fiskville has not been established.
4. STP – Sewage Treatment Plant
5. For further information regarding Contaminants of Interest refer to Tables 1 and 2 of Appendix B. 

3.3.1 Tyres

Open air fires fuelled by car tyres are common scenarios in fire fighting training. These types 
of fires can release organic compounds, due to incomplete combustion. According to the US 
EPA (1997), burning tyres in an uncontrolled scenario can emit a variety of by-products such 
as particulates, carbon monoxide, sulfur oxides, oxides of nitrogen, volatile organic 
compounds (VOC), polycyclic aromatic hydrocarbons (PAH), dioxins, furans, hydrogen 
chloride, benzene, polychlorinated biphenols (PCB) and metals (arsenic, cadmium, nickel, 
zinc, mercury, chromium and vanadium).
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3.3.2 Foams

The IFI Report provides the following summary on training activities in relation to the use of 
AFFF:

“A variety of fire fighting foams have been used in the training at Fiskville. These 
include high expansion foam, designed principally for flooding enclosed spaces and 
Class B foams used on liquid fires. The second group includes: synthetic aqueous 
film forming foams (AFFF) and alcohol resistant aqueous film forming foams (AR-
AFFF) and fluoroprotein foams (FP), a type of biodegradable foam based on animal 
or other protein sources with the addition of a fluorinated surfactant. Both AFFF and 
AR-AFFF contain the fluorosurfactants perfluorooctanoic acid (PFOA) or 
Perfluorooctanesulfonic acid (PFOS)” (Joy, 2012).

The locations where foams were used and the corresponding locations are shown in Figure 2 
(Appendix A), are the following:

Fire attack building (Feature No. 24): an enclosed structure used for search and rescue;
Flammable liquid prop (Feature No 27): a bunded prop with flammable liquids and LPG;
and
Foam training pits (Feature No. 45): Pre-1999 there were two pits of approximately 80 m2

in size each; in an area adjacent to the east side of the old PAD. Flammable liquid fires 
were extinguished using foam in these pits. The original PAD area (i.e. prior to foam pit 
remediation and upgrades), drained into Dam 1.

The historical locations where foams were used within the foam training pits are shown in 
Figure 3-4, with the ‘old’ drain channel discharging into Dam 1.

Dam 1 seems to have been present throughout the history of CFA occupation of the site. It 
was a ‘retention’ pond just south of the old training PAD area and discharged effluent directly 
into Lake Fiskville via a surface drainage channel. Dam 1 received the effluent and stormwater 
run-off from the PAD with a loading of petroleum hydrocarbons and without any form of 
separation such as the current TIT10constructed at the same time as Dam 2 in about 1999. As 
shown in Figure 3-2, the initial ‘retention’ pond (Dam 1) received surface run off from a 
drainage channel running north-south and the inflow located on the north east corner of 
Dam 1.

10 A triple interceptor would have been installed between 1998 and 2002 (Golder, 2012).
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Figure 3-4: Location of Foam Pits and ‘Dam 1’ circa 1985 (Source: IFI Report)

3.3.3 Petroleum Hydrocarbons

Flammable petroleum hydrocarbon fuels have been used for the fire fighting training exercises
from the early days of training at the site. The IFI Report describes ‘petrol’ being poured into 
the respective props including the foam pits. The IFI Report also refers to waste oil and a 
range of miscellaneous organic solvents supplied to the site for use in hot fire training in the 
past. Currently, the primary fuel used at Fiskville is LPG with minor amounts of liquid 
petroleum hydrocarbon fuels (petrol, diesel and kerosene) used for realism.

According to the IFI Report, the use of liquid petroleum hydrocarbons without any separation 
treatment prior to Dam 1 resulted in the fuel accumulated on Dam 1 which was periodically
burned off (Joy, 2012).

3.3.4 Polycyclic Aromatic Hydrocarbons

Polycyclic Aromatic Hydrocarbons (PAHs) are a complex mixture of compounds including 
naphthalene, benzo(a)pyrene and anthracene. They are released into the environment due to 
incomplete combustion of organic matter (DEH, 2002). Natural emissions of PAH can occur 
from forest fires and volcanoes. Anthropogenic sources of PAH occur from the processing of 
coal and petroleum derivatives including the production of aluminium and from incinerators 
(DEH, 2002). Cardno Lane Piper considers that the primary source of PAH at the site would 
be due to the burning of tyres, residual plastics in motor vehicles and petroleum hydrocarbons
burned during a fire fighting exercise.

3.3.5 Dioxins

According to the Environment Protection and Heritage Council – EPHC (2005) “dioxins are not 
deliberately produced, but are released into the environment as a result of combustion 
activities including power generation, waste incineration, metal smelting, the manufacture of 
some chemicals, as well as from natural sources such as bushfires and volcanoes”.
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The term ‘dioxins’ are used to describe a group of several hundred compounds with similar 
chemical structures of which there are approximately (EPHC, 2005), with the following groups 
more commonly involved in contaminated site assessments:

Polychlorinated dibenzo-p-dioxins (PCDD or dioxins);
Polychlorinated dibenzofurans (PCDF or furans); and
Co-planar PCB.

While it is possible that historical application of herbicides and pesticides could have had 
residual dioxins, it is most likely that the levels noted in some sediment samples can be due to 
partial combustion of organic chemicals, therefore these compounds are considered as a 
potential contaminant of interest.

3.3.6 Metals
Metal can be from various sources including;

Burning of metal props, including car bodies and other galvanized materials containing 
zinc;
Contaminated fuel from regular disposals that occurred at the site including the collection 
of used oils;
Hydrocarbon solvents and waste paint (paint pigments contain various concentrations of 
metal oxides);
Treated wood used as a source of fuel (includes copper, chromium and arsenic, as wood 
preservative);
Rubber tyres contain high levels of zinc oxides used in the rubber manufacturing process 
(other metals are found in steel belting containing chromium, molybdenum and zinc
(USEPA, 1997; USEPA, 2005); and
Imported fill and crushed rock imported on to the site.
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4 INVESTIGATION METHODOLOGY

4.1 Work Plan

4.1.1 Sample Location Selection

Site investigations were conducted in two separate field events, dates already discussed in 
Section 2.3, as follows:

First Field Event: this event focused primarily on the surface water bodies within the site 
boundary (i.e. Dams 1 to 4, the Drainage Channel, the Beremboke Creek and Lake 
Fiskville) and three downstream points along the Beremboke Creek extending a distance 
no greater than 1.2 km of the southern site boundary; 
Second Field Event: this event focused on the surface water bodies outside of the site 
boundary, consisting of three upstream sample points and six downstream sample points;
and
Third Field Event: this event included four locations upstream of the confluence point of 
the Eclipse Creek and Moorabool River. Three samples were collected on the eastern 
reach of the Moorabool River and one sample downstream of the confluence point of the 
west and east Moorabool River. 

The selection of the sample locations was based upon a site inspection and further desktop 
assessment of aerial photographs, regional maps and site history in order that each sample 
point would be representative of the water body.

Each location was geo-referenced using hand held GPS with an accuracy of ±5.0 m. Sampling 
locations for the first, second and third field events are summarised in Table 4-9,Table 4-13
and Table 4-15 respectively and shown in Figures 3a, 3b and 3c (Appendix A). The fieldwork 
was undertaken by a Cardno Lane Piper team of experienced environmental 
scientists/engineers in accordance with the methods set out in the Cardno Lane Piper’s
Integrated Management System which conforms to industry standard of practice.

4.1.2 Quality Control – Decontamination 

All field equipment was decontaminated and rinsed with de-ionised water prior to moving to a 
subsequent sampling location. A boat was used for the sampling effort on the dams and Lake
Fiskville, which was also decontaminated between each surface water body by washing the 
underside of the vessel with a phosphate free detergent (Decon 90 and water) and sprayed 
with a high pressure hose.

The sampling process commenced at the location presumed to be the least contaminated,
moving towards the location presumed to be the most contaminated (in the order of Lake 
Fiskville, Dams 4, 3, 2 and 1, the Drainage Channel and Beremboke Creek). The sampling 
process also considered that sampling should be conducted against the water flow direction
which would ensure that subsequent samples would not simply collect the “same water plug”
as it flows through the system. The assumption of sequencing the sampling from least to most
potentially contaminated point was also applied during the second sampling event.

4.2 Laboratory Program

The laboratory analytical schedule for the first field event was based on a broad suite of 
chemical analysis; however, the second and third field events focused primarily on PFOS, 
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PFOA, 6:2 FtS, copper and zinc identified in the surface water bodies on-site and to provide
information for addressing the Recommendations 3b and 3c from the IFI Report to verify the 
extent of off-site migration of the COI (Joy, 2012). The third field event was primarily to obtain 
additional data to assess regional background levels.

The primary laboratory was ALS Laboratory Group (ALS) in Clayton, Melbourne, and the 
secondary laboratory (i.e. quality control) was MGT Environmental Consulting (MGT) in 
Oakleigh, Melbourne. Both ALS and MGT are National Association of Testing Authorities 
(NATA) accredited for the analyses conducted. The details of the testing program for each 
work component are described in the following sections.

4.3 Surface Water Investigation Program – First Field Event

4.3.1 Sample Strategy & Methodology

The surface water sampling fieldwork was conducted from 1 to 21 August 2012 in accordance 
with Cardno Lane Piper field procedures. Field procedures are detailed in Table 4-1. The 
scope and work method are summarised in Table 4-1. Sampling locations and corresponding
sample depths are summarised in Table 4-2 and shown in Figures 4a, Figure 4b to Figures 
10a and 10b (Appendix A). Sampling equipment used for the depth profile sampling is shown 
in Figure 4-1 and surface water sampling undertaken of the boat is shown in Figure 4-2.

Figure 4-1: The Van Dorn water sampler
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Table 4-1: Surface Water Investigation Activity Summary – First Field Event

Activity Details

Dates of Field Activity 1 to 21 August 2012

Surface Water Depth Gauging The depth of water column at each sampling location was 
determined using a water level meter.

Surface Water Parameters

Surface water physicochemical parameters were measured at 
each sample target depth, prior to each surface water sample 
and sediment sample, was obtained from each location. 
In situ water parameters were recorded on field sheets and a 
table summary is included in Appendix F.

Surface Water Sampling

All samples were collected using a Van Dorn sampler or directly 
into a sampling container, with the exception of the Drainage 
Channel and Beremboke Creek surface water samples (which 
were collected directly into appropriate sampling bottles).
Samples were placed directly into laboratory provided sampling 
containers (sample containers had the required chemicals for 
preservation of samples where necessary).
Samples for metals analysis were collected in unfiltered and 
field filtered using a 0.45 μm filter. All samples were labelled 
with an indelible marker pen on water resistant labels attached 
to the sample bottles.

Surface Water Sampling & Target 
Depths

Surface water samples were generally targeted at 
approximately at 0.5, 1.0, 1.5 and 2.0 m below standing water 
level (m BSWL) and at 1.0 m intervals from 2.0 m.
Locations with surface water depth less than 0.5 m BSWL were 
sampled midway between the surface water level and the 
sediment.

Surface Water Observations
Observations noted during surface water sampling were
recorded in the Surface Water Field Records presented in
Appendix F.

Decontamination Procedure

Re-usable surface water sampling equipment was 
decontaminated with a Decon 90 water solution, followed by a 
final rinse in de-ionised water prior to the collection of each 
surface water body, Beremboke Creek or Drainage Channel
location.

Sample Storage and Transport

Samples were stored on ice, in an esky while on-site and in 
transit to the laboratory under Chain of Custody (COC)
documentation. The COC documentation is provided in 
Appendix E.
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Table 4-2: Surface Water Sample ID & Locations – First Field Event

Location Location 
Name1

Depth of Surface 
Water (m BSWL)

Sampled Depths
(m BSWL)

Figure locations 
in Appendix A

Dam 1

D1WA 0.85 0.50

Figure 4bD1WB 0.89 0.50

D1WC 1.13 0.50, 1.00

Dam 2

D2WA 0.80 0.50

Figure 5b and
Figure 5c

D2WB 0.60 0.50

D2WC 0.75 0.50

D2WD 1.37 0.50, 1.00

D2WE 1.12 0.50, 1.00

D2WF 0.75 0.50

Drainage 
Channel

DCWA2 - -

Figure 9b
DCWB2 - -

DCWC 0.30 0.20

DCWD 0.25 0.10

Dam 3

D3WA 1.40 0.50, 1.00

Figure 6bD3WB 1.00 0.50, 1.00

D3WC 0.80 0.50

Dam 4

D4WA 1.50 0.50, 1.00, 1.50

Figure 7bD4WB 1.40 0.50, 1.00

D4WC 1.20 0.50, 1.00

Lake Fiskville

LFWA 0.80 0.50

Figure 8b

LFWB 1.25 0.50, 1.00

LFWC 2.40 0.50, 1.00, 1.50, 2.00

LFWD 4.70 0.50, 1.00, 1.50, 2.00, 
2.50, 3.00, 3.50, 4.00

LFWE 3.20-3.40 0.50, 1.00, 1.50, 2.00, 
2.50, 3.00

Beremboke 
Creek

CKWA 0.50 0.25

Figure 10c

CKWB 0.50 0.10

CKWC 0.20 0.10

CKWD 0.25 0.10

CKWE 0.50 0.30
Note:
1. Sample ID follows the same description as discussed in Table 4-9 with the sample matrix now being “Water” (i.e. W).
2. Surface water samples were taken from locations C (DCWC) and D (DCWD) only in the Drainage Channel. Locations A 

and B in the Drainage Channel had insufficient water for surface water sample collection.
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Figure 4-2: Preparation for surface water sampling in Dam 1

4.3.2 Field Observations

Physicochemical parameters recorded in-situ did not clearly show any evidence for distinct or 
major thermal stratification in the on-site dams or in Lake Fiskville. Therefore it is not 
anticipated concentration of any compound of interest would be affected by depth as thermal 
stratification is not evident. The stratification had not been anticipated to occur for Dams 1 to 4 
(due to their shallow depths). However, the south portion of Lake Fiskville (which has a depth 
greater than 4.0 m) would have been expected to demonstrate some thermal stratification.

Figure 4-3 shows the physicochemical parameters for sample location D collected from Lake 
Fiskville in which a thermocline can be inferred to be present at approximately 1.5 m BSWL. It 
is noted that this data was collected in late winter (August 2012) and Lake Fiskville would 
behave differently during the summer period, where there is less water inflow and the water 
column is reduced due to evaporation. Even with the inferred thermocline shown in Figure 4-3,
the water column within Lake Fiskville is quite a homogenous with regards to the analytical 
data obtained, discussed in Section 5.

Physicochemical parameters were also collected in order to assist with the selection of 
samples for analysis. Some physicochemical parameters (such as oxidation potential, 
dissolved oxygen and pH) can influence the water chemistry and the behaviour of a chemical 
species. As such, differences in the water quality parameters can be used to infer vertical 
chemical concentrations. No major variation in the concentrations of the COI analysed at 
locations where samples were collected is present at different depths in the water column 
however. The only parameters which showed a change with depth was dissolved oxygen and 
redox potential (as shown in Figure 4-3). Other physicochemical parameters are summarised 
in Figure D1 (Appendix D).

The surface water depth and stabilised physicochemical parameters recorded during the 
surface water sampling program are summarised in Table 1 (Appendix F), including field notes 

212163.9 Report01.8 Page 40



Privileged and Confidential
Surface Water and Sediment Contamination Assessment

Fiskville Training College, 4549 Geelong-Ballan Road, Fiskville, Victoria
Ashurst

with additional details with respect to turbidity, colour and/or odour. No non-aqueous phase 
liquid (NAPL) such as a layer of floating petroleum product was observed in the surface water 
bodies on-site during the surface water and sediment sampling fieldwork.

Figure 4-3: Field Parameters for Lake Fiskville (Sample location ‘D’)

4.3.3 Laboratory Analysis – Surface Water

A total of 35 samples were selected for analysis and the remainder of the surface water 
samples collected were placed on hold at the laboratories. The selection of samples for 
analysis was based primarily upon the depth of the water body. For a shallow water body only 
one sample per location was selected and for deeper water body (i.e. Lake Fiskville) up to two
different sample depths per location was analysed. The analytical schedule was based on 
general screening for potential contamination as discussed in Section 3 of this report. The 
analysis undertaken is summarised in Table 4-3.

Table 4-3: Laboratory Testing Program – Surface Water Samples, First Field Event

Location Samples Analysed Analysis Conducted

Dam 1 D1WA0.5, D1WB0.5 and
D1WC0.5

Inorganic: (Alkalinity, Cl-, COD, Cyanide, 
Electrical conductivity, Major
anions/cations, BOD, COD, Ionic Balance,  
F-, Na, NH3, NO3, Nitrogen (Total), pH, 
Reactive Phosphorus as P, SO4

2-, TKN, 
Total F and TDS);
Biological: (Faecal Coliforms, Coliforms, 
E-coli, Total Coliforms (Colilert), ps. 
aureginosa);
Organic: perchlorate, TPHs, MAHs,
PAHs/ Phenols, VOCs, SVOCs, BTEX,
PFC (PFOS, PFOA, 6:2 FtS), Amino 

Dam 2
D2WA0.5, D2WB0.5, D2WC0.5, 
D2WD0.5, D2WD1.0, D2WE1.0
and D2WF0.5.

Dam 3 D3WA1.0, D2WB1.0 and
D3WC0.5.

Dam 4 D4WA1.0, D4WB1.0 and
D4WC1.0.

Drainage Channel DCWC0.2 and DCWD0.1.
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Location Samples Analysed Analysis Conducted

Lake Fiskville

LFWA0.5, LFWB1.0, LFWC0.5, 
LFWC1.5, LFWC2.0, LFWD1.0, 
LFWD2.0, LFWD3.0, LFWD4.0, 
LFWE1.0, LFWE2.0 and
LFWE3.0.

Aliphatics, Amino Aromatics, Anilines, 
Chlorinated Hydrocarbons, Explosives, 
Halogenated Benzenes, Halogenated 
Hydrocarbons, Halogenated Phenols, 
Herbicides, Nitroaromatics, 
Organochlorine Pesticides, 
Organophosphorous Pesticides, 
Pesticides, Phthalates, PCB and Solvents.
Metals: (aluminium, antimony, arsenic, 
barium, beryllium, boron, cadmium, 
cobalt, chromium, copper, iron, lithium, 
magnesium, manganese, molybdenum, 
mercury, nickel, potassium, phosphorous, 
lead, selenium, silver, titanium, vanadium 
and zinc).

Beremboke Creek CKWA0.2, CKWB0.25, CKWC0.1, 
CKWD0.15 and CKWE0.3.

Copies of the NATA accredited laboratory reports and the Cardno Lane Piper COC and
sample receipt records are included in Appendix E. Tabulated laboratory results are presented
in Table 2 in Appendix B. The quality control and quality assurance (QA/QC) summary review 
of the surface water sampling program is discussed in Section 4.8.

4.4 Surface Water Investigation – Second Field Event

4.4.1 Sample Strategy & Methodology

The second surface water sampling fieldwork was conducted on the 24 and 25 October 2012 
in accordance with Cardno Lane Piper field procedures. The scope and method of the work is 
summarised in Table 4-4. The in-situ observations, decontamination procedures, sample 
storage and transport were similar to the first field event described in Table 4-1. Locations 
were chosen to provide even coverage of the surface water bodies upstream and downstream 
from the site. Sampling locations are summarised in Table 4-5 and shown in Figure 3b,
Appendix A.

Table 4-4: Surface Water Investigation Activity Summary – Second Field Event

Activity Details

Dates of Field Activity 24 to 25 October 2012.

Surface Water Gauging The depth of water column at each sampling location was 
determined using a water level meter.

Surface Water Parameters
Surface water physicochemical parameters were measured at 
each sample location. Water parameters were recorded on the 
Surface Water Record field sheets (Appendix F).

Surface Water Sampling

All samples were collected using a sample cup with an extendable 
handle and immersed to approximately 0.5 m below surface or 
directly into a sampling container for sample locations with 
shallow water column (at locations M and F).
Samples were placed directly into laboratory provided sampling 
containers (sample containers had the required chemicals for 
preservation of samples where necessary).

Surface Water Sampling & 
Target Depths

Surface water samples were generally targeted at approximately 
at 0.5 m.
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4.4.2 Laboratory Analysis – Surface Water

All surface water samples were submitted for analysis as shown in Table 4-5. The analysis 
schedule was based on general screening for potential contamination which was determined 
for the COI.

Table 4-5: Surface Water Sampling Locations – Second Field Event

Location Location 
Name

Location 
ID

Depth of 
Investigation (m)

Surface 
Water flow

Analysis 
schedule

Upstream
Beremboke 

Creek
A1 0.7 No

PFOS,
PFOA,

6:2 FtS and
Metals2

M < 0.2 No

Pipeclay Gully N 0.1 No

Downstream

Eclipse Creek
F < 0.1 No

I 1.25 No

Moorabool 
River

J 0.54 Yes

K 0.32 Yes

L 0.5 Yes
Note:
1. Sample location G had no surface water at the time of sampling.
2. Metal analysis was primarily for assessment of copper and zinc.

4.5 Surface Water Investigation – Third Field Event

4.5.1 Sample Strategy & Methodology

The third sampling fieldwork event was conducted on the 26and 28 March 2013 in accordance 
with Cardno Lane Piper field procedures. The scope and method of the work is summarised in
Table 4-6. The in-situ observations, decontamination procedures, sample storage and 
transport were similar to the first and second field events described in Table 4-1 and
Table 4-4. Sampling locations are shown in Figure 3c, Appendix A.

Table 4-6: Surface Water Investigation Activity Summary – Third Field Event

Activity Details

Dates of Field Activity 26 and28 March 2013

Surface Water Gauging The depth of water column at each sampling location was determined 
using a water level meter.

Surface Water 
Parameters

Surface water physicochemical parameters were measured at each 
sample location. Water parameters were recorded on the Surface Water 
Record field sheets (Appendix F).

Surface Water Sampling

All samples were collected using a van dorm sampler or sampling cup 
with an extendable handle and immersed below surface or directly into a 
sampling container for sample locations with shallow water.
Samples were placed directly into laboratory provided sampling 
containers (sample containers had the required chemicals for 
preservation of samples where necessary).

Surface Water Sampling 
& Target Depths Surface water samples were generally targeted below at 0.5 m.
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4.5.2 Laboratory Analysis Upstream – Surface Water

All surface water samples were submitted for analysis as shown in Table 4-5. The analysis 
schedule was based on general screening for potential contamination which was determined 
for the COI.

Table 4-7: Surface Water Sampling Locations – Third Field Event

Location Location 
Name

Location 
ID

Depth of 
Investigation (m)

Surface 
Water flow

Analysis 
schedule

Upstream &
Parallel

North Inlet to 
Bostock 

Reservoir
Q 0.1

Yes

PFOS,
PFOA,

6:2 FtS and
Metals1

Moorabool 
River East 

Branch

O 0.5 Yes

P 0.7 Yes

Moorabool 
River R 0.2 No

Note:
1. Metal analysis was primarily for assessment of copper and zinc.

4.6 Sediment Investigation Program – First Field Event

4.6.1 Sample Methodology

The sediment sampling fieldwork was conducted from 1 to 21 August 2012. The scope and 
method of the work is summarised in Table 4-8.

Sediment samples were collected following the measurement of in-situ water quality 
parameters and the collection of the water samples. The preferred sediment sampling method 
was the manual push tube, shown in Figure 4-4. In instance where there was no sample 
recovery in the sample tube, the ponar sediment grab sampler would be deployed to collect 
samples, shown in Figure 4-5.
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Figure 4-4: Manual Push Tube Sediment Sampler

Figure 4-5: Sediment sampling using the Ponar Sampler
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Table 4-8: Sediment Investigation Activity Summary – First Field Event

Activity Details

Dates of Field Activity 1 to 21 August 2012

Sediment sampling
All samples were collected using either a manual hollow stem push tube, a
hand auger (used in the Drainage Channel and Beremboke Creek only)
and/or a bottom sampling dredge (i.e. Ponar sampler).

Target Depths for
Analysis

Samples were collected at approximately 0.1 m below the sediment surface
or until refusal. Samples collected from the Dams 1 - 4 and Lake Fiskville 
ranged from a depth of 0.05 - 0.25 m below sediment surface. Samples 
collected from the Beremboke Creek and the Drainage Channel were taken 
down to a depth of 0.5 m BGL. Analysis was conducted on near surface 
samples only (i.e. 0.1 m).

Sediment Logging Sediment logs are presented in Appendix C.

Decontamination 
Procedure

Reusable soil sampling equipment was decontaminated with Decon 90 and
rinsed with deionised water prior to the collection of subsequent samples
according to Cardno Lane Piper’s field operating procedures.

Sediment Screening
Sediment samples were field screened by using a calibrated PID and noting 
any odours and any other olfactory signs of contamination. PID calibration 
records are provided in Appendix F.

Sample Storage and 
Transport

Samples were stored in zip locked bags for the PFC screening and glass 
containers for other COI. The sample containers were provided by the 
laboratory and all samples were placed on ice immediately following 
sampling, in an esky while on-site and in transit to the laboratory under COC
documentation. The COC documentation is provided in Appendix E.
The records of the sediments encountered, the samples collected including 
depths and related observations are presented in the sediment records 
provided in Appendix C. All samples were labelled with an indelible marker 
pen on water resistant labels attached to the sample jars.

Table 4-9: Sediment Sample ID & Locations - First Field Event

Location Location 
Name1

Depth of 
Investigation (m) Shown in Appendix A Sampling Method

Dam 1

D1SA

0.10 Figure 4a Manual push tube 
sediment samplerD1SB

D1SC

Dam 2

D2SA 0.10 and 0.15

Figure 5a Manual push tube 
sediment sampler

D2SB 0.25

D2SC 0.10 and 0.20

D2SD 0.10 and 0.15

D2SE 0.10

D2SF 0.10 and 0.20

Drainage 
Channel

DCSA

0.10 and 0.50 Figure 9a Hand auger
DCSB

DCSC

DCSD
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Location Location 
Name1

Depth of 
Investigation (m) Shown in Appendix A Sampling Method

Dam 3

D3SA 0.15

Figure 6a Manual push tube 
sediment samplerD3SB 0.10

D3SC 0.10

Dam 4

D4SA 0.25

Figure 7a Manual push tube 
sediment samplerD4SB 0.10

D4SC 0.10

Lake 
Fiskville

LFSA

0.10 Figure 8a Ponar sampler

LFSB

LFSC

LFSD

LFSE

Beremboke 
Creek

CKSA

0.10 and 0.50 Figure 10a Hand auger

CKSB

CKSC

CKSD

CKSE
Note: 
1. The sample ID is based upon the “Sample Area” – (D2) / Sample matrix “Sediment” – (S)

/ corresponding sample locations within the sample area (i.e. A, B, C etc...).
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Figure 4-6: Sediment sampling using manual push tube

4.6.2 Field Observations

Sediment sample descriptions from observations during the sediment sampling program are 
summarised in Table 4-10.

Table 4-10: Typical Sediment Profile

Sub-Surface 
Horizon Typical Depth Range Description

On-site Surface Water

Dam 1 Surface to 0.10 - 0.15 m

FILL: Clay (CH) high plasticity, black to grey, soft, 
wet, organic material, hydrocarbon odour and 
sheen.
Refusal on rock.

Dam 2

Surface to 
approximately 0.10 m

FILL: Clay (CH) high plasticity, black to grey, soft, 
wet, organic material, hydrocarbon odour and 
sheen.

Approximately  0.10 to 
0.20 m

Clay (CH) high plasticity, grey to brown, firm, wet, 
some with hydrocarbon odour, some with minor 
gravels to refusal.
Some locations encountered refusal on rock.
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Sub-Surface 
Horizon Typical Depth Range Description

Dam 3 and Dam 4 Surface to 0.10-0.25 m

Clay (CH) high plasticity, light brown to grey, minor 
black, soft to firm, wet, organic material, gravels 
present in Dam 3, minor gravels in Dam 4 to 
refusal.

Drainage Channel Surface to 
approximately 0.55 m

Clay (CH) high plasticity, grey to brown, minor 
black, firm, wet, organic material.
Clay becoming stiff at 0.5 m at some locations.

Lake Fiskville Surface to 0.10 - 0.20 m

Silts (MH) and Silty Clays (CH) high plasticity, 
brown to black, soft, wet, some locations with minor 
gravel.
Refusal on rock at some locations.

Off-site Surface Water

Beremboke Creek
Upstream Surface to 0.20 - 0.25 m

Silty Clay (CL) low plasticity, brown to green, soft, 
wet, loose gravels and fine to medium grained 
sands encountered, organic matter present.

Beremboke Creek
Downstream

Surface to 
approximately 0.20 m

Silty Clay (OH) medium to high plasticity, grey to 
brown to orange mottling, firm, moist, slight organic 
odour present.

Bostok Reservoir
North inlet

Surface to 0.10 m Silty Clay (CL) low plasticity, dark grey, light brown, 
soft, wet, cobbles present.

Moorabool River 
East branch Surface to 0.70m Silty Clay (CL) low plasticity, grey, dark brown, 

black, soft, wet, occasional cobbles present

Moorabool River Surface to 0.20m Silty Clay (CL) low plasticity, grey, dark brown, soft, 
wet.

Eclipse Creek

Surface to 
approximately 0.10 m

Silty Clay (OH) medium plasticity, grey to green, 
stiff, wet.

Surface to 0.10 - 0.30 m Sand (SP) coarse grained brown to grey, loose, 
minor silt and gravels encountered.

4.6.3 Sediment Laboratory Analysis – First Field Event

A total of 29 sediment samples were collected and all near-surface samples were selected for 
laboratory testing, as shown in Table 4-11. The analysis program was based on an analytical 
screening for potential contamination based on the historical use of the site with a primary 
focus on the COI.

Table 4-11: Laboratory Testing Program – Sediment Samples

Location Samples Analysis

Dam 1 D1SA0.1, D1SB0.1, D1SC0.1 Inorganics: Nitrogen Compounds (NH3, NO3,
NO2

-, Nitrogen (Total Oxidised)), F-, Sulfate,
Cyanide (Free and Total), Moisture, Total 
Kjeldahl Nitrogen;
Organic: TPH, MAH, PAH, Phenols, VOC, 
SVOC; PFC (PFOS, PFOA, 6:2 FtS), 
Amino Aliphatics, Amino Aromatics, Anilines, 

Dam 2 D2SA0.1, D2SB0.1, D2SC0.1, 
D2SD0.1, D2SE0.1, D2SF0.1

Drainage 
Channel

DCSA0.1, DCSB0.1, DCSC0.1, 
DCSD0.1

Dam 3 D3SA0.15, D3SB0.1, D3SC0.1
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Location Samples Analysis

Dam 4 D4SA0.1, D4SB0.25, D4SC0.1 Chlorinated Hydrocarbons, Explosives, 
Halogenated Benzenes, Halogenated 
Hydrocarbons Halogenated Phenols, Herbicides, 
Nitroaromatics, Organochlorine and 
Organophosphorous Pesticides, Phthalates and
Solvents.
Metals: (arsenic, barium, beryllium, boron, 
cadmium, chromium, copper, lead, manganese, 
mercury, nickel, phosphorous, vanadium and 
zinc).

Lake Fiskville LFSA0.1, LFSB0.1, LFSC0.1, 
LFSD0.1, LFSE0.1

Beremboke 
Creek

CKSA0.1, CKSB0.1, CKSC0.1, 
CKSD0.1, CKSE0.1

Copies of the NATA accredited laboratory reports, COC and sample receipt records are 
included in Appendix E. Tabulated sediment laboratory results are presented in Table 2
Appendix B.

The QA/QC assessment of the sediment sampling program is discussed in Section 4.9.

4.7 Sediment Investigation – Second Field Event

Off-site sediment investigation followed the same procedures as for the first field event with 
the exception that the sample collection was conducted of the embankment of the water body.

4.7.1 Sample Methodology

The sediment sampling fieldwork was conducted from 24 to 25 October August 2012. The 
samples were collected using a hand auger and targeted the sediments within the upper 
10 cm and sample details are summarised in Table 4-13. Locations were chosen to provide 
information regarding the levels of the COI in the sediments upstream and downstream of the 
site. The sampling effort extended to a distance of approximately 48 km (i.e. 5.0 km upstream 
and 43 km downstream of the site).

Table 4-12: Sediment Investigation Activity Summary – Second Field Event

Activity Details

Dates of Field Activity 24 to 25 October 2012

Sediment sampling

All samples were collected using a hand auger and analysis was targeted 
for the upper 0.1 m of sediment layer. No deeper (i.e. >0.3 m) samples 
were collected for off-site during this field event. The maximum sampling 
depth of 0.3 m BGL at sample location I.

Target Depths for 
Analysis Samples were targeted for analysis for near surface only (i.e. <0.1 m).

Sediment Logging Sediment logs are presented in Appendix C.

Decontamination 
Procedure

The hand auger was decontaminated washing with a Decon 90 and 
water solution, followed by a final rinse in deionised water prior to the 
collection of subsequent samples according to Cardno Lane Piper’s field 
operating procedures.

Sediment Screening No field screening instrument was used (e.g. PID).

Sample Storage and 
Transport

Samples were stored in glass containers provided by the laboratory and 
placed on ice, in an esky while on-site and in transit to the laboratory 
under COC documentation. The COC documentation is provided in 
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Activity Details
Appendix E.
The records of the sediments encountered, the samples collected 
including depths and related observations are presented in the sediment 
records provided in Appendix F. All samples were labelled with an 
indelible marker pen on water resistant labels attached to the sample 
jars.

4.7.2 Sediment Laboratory Analysis – Second Field Event

All near-surface samples were selected for laboratory testing (i.e. depth of investigation). The 
analysis program was based on the COI as shown in Table 4-13.

Table 4-13: Sediment Sampling Locations - Second Field Event

Location Location 
Name

Location 
ID

Depth1 of 
Investigation (m)

Surface 
Water flow

Analysis 
schedule

Upstream
Beremboke 

Creek
A1 0.1 No

PFOS
PFOA

6:2 FtS and
Metals3

M 0.15 No

Pipeclay Gully N 0.1 No

Downstream

Eclipse Creek F 0.05 No

Surface run-
off2 G 0.1 Dry

Eclipse Creek I 0.1 No

Moorabool 
River

J 0.1 Yes

K 0.1 Yes

L 0.1 Yes
Note:
1. Depth of investigation refers to depth of sediment sample collected, not a reference to depth of water column.
2. Sample location G had no surface water at the time of sampling.
3. Metal analysis was primarily for assessment of copper and zinc.

4.8 Sediment Investigation – Third Field Event

The sediment investigation during the third event followed the same procedures as for the first 
and second field events with the exception that the sample collection was conducted of the 
embankment of the water body using a ponar sampler or a hand auger for location with 
shallow water column.

4.8.1 Sample Methodology

The sediment sampling fieldwork was conducted from 26 to 28 March 2013. The sampling 
event details are summarised in Table 4-14 .

Table 4-14: Sediment Investigation Activity Summary – Third Field Event

Activity Details

Dates of Field Activity 26 to 28 March 2013

Sediment sampling All samples were collected using a hand auger with the exception of 
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Activity Details
sample locations F, M and N where a hand spade was employed. 
Sediment sampling targeted the upper 0.1 m of sediment layer. No 
deeper samples were collected for upstream sampling.

Target Depths for Analysis Samples were targeted for near surface only with a maximum 
sampling depth of approximately 0.1 m BGL.

Sediment Logging Sediment logs are presented in Appendix C.

Decontamination Procedure

The hand auger was decontaminated by washing with a Decon 90 and 
water solution, followed by a final rinse in deionised water prior to the 
collection of subsequent samples according to Cardno Lane Piper’s 
field operating procedures.

Sediment Screening No field screening instrument was used (e.g. PID).

Sample Storage and 
Transport

Samples were stored in glass containers provided by the laboratory 
and placed on ice, in an esky while on-site and in transit to the 
laboratory under COC documentation. The COC documentation is 
provided in Appendix E.
The records of the sediments encountered, the samples collected 
including depths and related observations are presented in the 
sediment records provided in Appendix F. All samples were labelled 
with an indelible marker pen on water resistant labels attached to the 
sample jars.

4.8.2 Sediment Laboratory Analysis – Third Field Event

All near-surface samples were selected for laboratory testing. The analysis program was 
based on the COI as shown in Table 4-15.

Table 4-15: Sediment Sampling Locations - Third Field Event

Location Location 
Name

Location 
ID

Depth of 
Investigation (m)

Surface 
Water flow

Analysis 
schedule

Upstream & 
Parallel

North Inlet to 
Bostock 

Reservoir
Q 0.1 Yes

PFOS,
PFOA,

6:2 FtS and
Metals1

Moorabool 
River East 

Branch

O 0.1 Yes

P 0.1 Yes

Moorabool 
River R 0.1 No

Note:
1. Metal analysis was primarily for assessment of copper and zinc.
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4.9 Quality Control / Quality Assurance

A critical aspect of an assessment is the demonstration of the quality of the data used as the 
basis for the assessment. This is achieved through a data validation process which includes a 
review of the following aspects of the data collection process:

Project Quality Objectives and Plans;
Data Representativeness;
Data Precision and Accuracy;
Laboratory Performance;
Data Comparability; and
Data Set Completeness.

A detailed review of these aspects has been undertaken, the results of which are presented in 
Appendix E. In brief however, the overall data completeness calculated is 91%. The data 
validation process has concluded that though the overall Completeness for the Quality 
Assurance program undertaken for both field sampling efforts (i.e. 1 to 21 August, 24 to 25 
October 2012 and 26 to 28 March 2013) do not meet the overall completeness quality 
objective of 95%. However, the QC completeness for the field event component is above 95%. 
It is concluded that any errors that may have occurred during the three separate sampling 
events are not considered to have an impact on the overall assessment.

Therefore the data set used as the basis for the assessment is considered acceptable, valid 
and complete.
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5 DISCUSSION OF SURFACE WATER RESULTS
This section presents a discussion of the water quality results. All of the surface water results 
are presented in Tables 2 and 7, Appendix B. An assessment of the results relative to the
beneficial uses protected under SEPP Waters of Victoria (SEPP, 2003) is presented in
Section 8.

It should be noted that the initial monitoring event tested waters onsite and in Beremboke 
Creek immediately downstream of the site, for a wide suite of parameters (e.g. PFCs, metals, 
OCP, OPP, TKN). Subsequent sampling events off-site were focused on PFCs, copper and 
zinc as discussed in Section 4.

5.1 Perfluorinated Compounds

The concentration of PFCs (PFOS, PFOA and 6:2 FtS) is relatively constant between Dams 1,
2, 3 & 4 and in the Drainage Channel linking them. However, there is a noticeable reduction in 
the concentrations of PFC in surface water from the 4 dams to Lake Fiskville, as shown in
Figure 5-1. The noticeable change in concentration from the surface water dams to the 
concentration in Lake Fiskville is attributed to dilution from the upstream catchment and flow in 
Beremboke Creek. The following observations are noted for the concentrations of PFC for the 
on-site surface water bodies:

PFOS concentration ranges from 178 to 275 μg/L with a slight reduction in concentration 
from Dam 1 to Dam 4; however there is approximately a 1 in 10 dilution in concentration 
for the samples from Lake Fiskville (maximum concentration 17.7 μg/L) compared to the 
concentrations noted for the dams;
PFOA concentration ranges from 7.8 to 13.9 μg/L and remains relatively constant through 
Dam 1 to Dam 4. A similar dilution ratio is noted for Lake Fiskville (maximum concentration 
0.76 μg/L); and
6:2 FtS concentrations range from 93.8 to 122 μg/L, with an increase in concentration 
between Dams 1 and 4. A similar dilution ratio is noted for Lake Fiskville (maximum 
concentration 7.4 μg/L).

The surface water management system does not provide treatment to cause a reduction in 
PFC levels. The marked reduction in concentration from Dams 1 to 4 compared to Lake 
Fiskville is concluded to be due to dilution by creek inflows to the lake. The depth of water 
column does not have any major influence on concentration of PFCs. Summary plots of PFC
data for are shown in Appendix D, as follows:

Dam 1 – Figures D 21, D22 and D23;
Dam 2 – Figures D24, D25 and D26;
Dam 3 – Figures D27, D28 and D29;
Dam 4 – Figures D30, D31 and D32;
Drainage Channel – Figures D33, D34 and D35; and
Lake Fiskville – Figures D36, D37 and D38.

The concentrations of PFC for the off-site water samples are as follows:
The upstream and parallel water samples (sample locations ‘A’, ‘A1’, ‘M’, ‘N’, ‘O’, ‘P’, ‘Q’
and ‘R’); had no PFC reported above the laboratory limit of reporting (LOR); and
The downstream water samples for the Beremboke Creek showed concentrations similar 
to levels in Lake Fiskville extending to 1.2 km south of the site. The furthest sample point in 
which PFC was detected was at sample location ‘F’. However, PFOS was detected at 
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sample location ‘I’, which is along the Eclipse Creek at 17 km south of the site. A summary 
graph for PFOS concentrations at the corresponding sample locations is shown in 
Figure D51, in Appendix D.

During the investigation for the supplementary surface water and sediment report, Appendix I,
Cardno Lane Piper considered the inclusion of other PFCs (i.e. PFBS, PFHpA, PFHxA, 
PFHxS and PFNA) which are also present as residual chemical in the AFFF formulation or 
breakdown of larger fluoro carbon chemicals.

It is understood that short chain PFC (e.g. perfluoro butane-based or hexane-based) have 
shown persistence in the environment (MPCA, 2008) although they do not bio-accumulate as 
much as the longer chain PFCs (Lassen, et al, 2012). Short chain PFCs are more mobile in 
the environment then the longer chain PFCs (MDH, 2012).

The supplementary surface water and sediment assessment identified 5 PFC compounds, in 
addition to PFOS, PFOA and 6:2 FtS, in the surface water samples. These are summarized in 
Table 5-1.

Table 5-1: Summary of Extended PFC Analysis in Surface Water – Fourth Field Event

Sample
Locations Units

Analytes

PFBS PFHpA PFHxA PFHxS PFNA

CKB2

μg/L

1.35 2.78 10.1 9.86 0.29

CKC2 1.02 1.82 4.62 6.2 0.16

CKD2 0.49 1.14 2.76 3.52 0.13

CKS 0.06 0.36 0.7 0.63 0.09

CKT 0.32 0.73 3.34 3.44 0.11

CKU 0.23 0.6 1.9 1.09 0.03

CKV 0.16 0.45 1.08 1.23 0.06

CKE2 0.25 0.48 2.28 2.46 0.11

PFHxA and PFHxS have similar concentration to PFOS, while PFBS is present at much lower 
concentrations in the samples analysed in Beremboke Creek.
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5.2 Petroleum Hydrocarbons
Petroleum hydrocarbons were detected on all surface water bodies at the site (i.e. Dams 1 
to 4, Drainage Channel and Lake Fiskville) as shown in Figure 5-2. However, for Lake 
Fiskville it was reported for only one sample location (i.e. sample location ‘D’);
No petroleum hydrocarbon above the laboratory LOR was reported for the upstream nor 
the downstream off-site samples along the Beremboke creek; and
No PAH was detected above the laboratory LOR for the surface water samples collected 
for the on-site and off-site samples.

Figure 5-2: Surface Water Results - Petroleum Hydrocarbons

5.3 Metals

Zinc concentrations in surface water are above background concentrations for most of the 
samples analysed for the on-site samples as shown in Figure 5-3. The concentration of copper 
for the surface water samples were, for most samples, near background levels. However, 
samples from Lake Fiskville and the Beremboke Creek had slightly elevated copper than the 
on-site surface water bodies (i.e. Dams 1 to 4 and the Drainage Channel).
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Figure 5-3: Surface Water Results - Copper and Zinc

Background levels for copper and zinc where calculated from samples collected off-site for the 
upstream and downstream locations. The selection of a sample location downstream of the 
site was based on sample with a concentration less than sample locations ‘CKA, ‘CKA1, 
‘CKM’, ‘CKN’ which were upstream of the site. Due to sample locations CKB’, ‘CKC’, ‘CKD’ 
and ‘CKE’ being on the Beremboke Creek and less than 2 km of Lake Fiskville, the results 
obtained for these samples were not included in the determination of background levels. The 
average background levels11 for copper and zinc calculated are 0.0027 and 0.004 mg/L 
respectively. For the background samples collected further away from the site (i.e. ‘O’ ‘P’, ‘Q’ 
and ‘R’), the copper concentrations ranged from less than LOR to 0.007 mg/L. As for zinc, the 
concentrations ranged from less than LOR to 0.036 mg/L (note: above the adopted criteria 
ANZECC 2000, Fresh Water 95%).

The filtering of the surface water samples did not have any influence on the concentration 
reported for these metals. This was also noted in the centrifuged samples for selected surface 
water samples, discussed in Section 6.3.5 for PFC. The metal analysis for the centrifuged 
samples did not show any major differences in metal concentrations compared to the samples 
which were not centrifuged, and this is shown in Figures D45, D46 and D47 in Appendix D.

11 Background levels are taken from the average values of 13 sediment sample locations for the concentrations of 
Cu and Zn. Surface water sample locations from Beremboke and Eclipse Creeks, and Moorabool River (‘A’, ‘A1’, ‘ 
‘F’, ‘I’, ‘J’, ‘K’, ‘L’, ‘M’, ‘N’, ‘O’, ‘P’, ‘Q’ & ’R’). Note: for samples which reported less than laboratory LOR, it was 
assumed a concentration of ½ the laboratory LOR which results in a more conservative assessment of background 
levels with the lowering of corresponding average values.
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5.4 Additional Chemicals & Indicators Assessed

For other parameters that do provide an indication of water quality characteristics, the most 
commonly assessed being calcium, potassium, magnesium and sulphate, there were no 
noticeable variations that could be associated with either a surface water body or other COI.
Figures D1 to D12 (Appendix D) shows the concentrations for the above mentioned chemical 
parameter for the corresponding surface water bodies. The following sections provide a 
summary of the COI in surface water:

5.4.1 Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) –

There is a noticeable trend in the reduction of COD concentrations from Dam 1 to Dam 4, 
which correlates with a reduction in the BOD. However, the COD concentrations for Lake 
Fiskville and the Beremboke Creek are comparable to the concentrations reported for Dam 1. 
This may be in part due to residual high chemical loading from the period from which Dam 1 
discharged directly into Lake Fiskville which shows a higher level of chemicals which are 
readily oxidisable or a reflection of grazing in the catchment and potential input from CFA’s 
sewer treatment plant. Although this is noticeable only in the COD levels, BOD levels are 
consistently low for Lake Fiskville. The COD and BOD levels are shown in Figure D13, in 
Appendix D.

Another source of effluent that will impact on BOD and COD in Lake Fiskville is the effluent 
discharge from the sewer treatment plant (STP) on site located to the north east and upstream 
of Lake Fiskville with its infiltration field located between Beremboke Creek and the STP. It can 
be assumed that any overflow over flow from the infiltration field (if its capacity is exceeded) 
could reach the Beremboke Creek.

5.4.2 Nitrogen Species

Total Kjeldahl Nitrogen (TKN): sample location upstream on Beremboke Creek (i.e. CKA) 
has TKN concentration similar to Dam 2. The highest TKN concentration was reported off-site 
on Beremboke Creek at sample location CKE indicating a local source of organic nitrogen, 
such animal droppings. Dam 3 and Dam 4 reported the lowest concentration for TKN. The 
remainder of the surface water bodies on-site and including the off-site samples from the
Beremboke Creek have comparable concentrations for TKN, shown in Figure D9, in
Appendix D. The dissolved TKN in the surface water does not correlate to the sediment 
concentrations of TKN, shown in Figure D8, Appendix D.

Nitrate: the concentration of nitrate (N) is higher in Lake Fiskville than Dams 2, 3, and 4, and
the Drainage Channel (average concentration 0.12 mg/L), as shown in Figure D9, Appendix D
(Note: Dam 1 reported less than the laboratory LOR). This indicates that firefighting training is 
not a source of nitrate in Lake Fiskville. The nitrate results for Lake Fiskville show the highest 
concentration in the deepest part of the southern portion of the lake. The average 
concentration of nitrate for sample locations LFA, LFB and LFC is 0.32 mg/L (shallow portion 
of lake), and the average concentration for sample locations LFD and LFE is 0.78 mg/L
(deeper portion of lake).

Ammonia: occurs naturally in surface water bodies as a result of breakdown of organic 
matter, excretion from biota, and also from anthropogenic sources due to industrial process 
waste that are discharged into a water body. Considering the discharge to the surrounding 
environment from the Site, the levels of ammonia reported highest concentration in Dam 2.
From Dams 3 to 4 there is a slight increase in concentration of ammonia, although lower than 
in Dam 2. The concentrations from Dam 3 to Dam 4 are comparable to levels reported for 
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Lake Fiskville. The levels of ammonia along the Beremboke Creek show a lowering in 
concentration away from the Site. The ammonia concentrations are shown in Figure D9, in 
Appendix D.

The concentration of TKN in the sediments, discussed in Section 6, indicates that the 
compounds which are contributing to the high TKN levels are strongly bound to sediments. 
This conclusion is based upon the comparison for TKN concentrations in the water column 
versus the sediment concentrations. Also, the sediment TKN concentrations in Dams 3 and 4, 
which are newer developments compared to Dams 1 and 2, indicates that the sediments in 
Dams 3 and 4 have not accumulated or not been exposed with respect to the sediment 
concentrations for TKN (Figures 4a to 10d, Appendix A shows the TKN concentrations for 
sediments and surface water for the Site).

5.4.3 Fluoride

Assessed as a potential secondary contaminant due to the use of AFFF with fluorine as a 
major component. However, the concentrations of fluoride in the surface water samples
ranged from 0.2 to 0.5 mg/L and does not show any correlation with the PFC concentrations or 
other COI.

5.4.4 Micro-biological Indicators

E. coli is typically identified in surface water bodies throughout Victoria. Its presence in surface 
waters is used to indicate the potential for other enteric pathogens that may result in human 
health risks following incidental ingestion. The source of E. coli is most likely due to water fowl 
which frequent surface water bodies in the area and would include animal droppings (e.g.: 
rabbits) which are washed from the catchment area.

E. coli was detected in 6 samples, out of 20, collected from Lake Fiskville and ranged from 72 
to 330 organisms per 100 mL. The maximum range is higher than the mean E. coli levels 
reported in the literature for surface water bodies in regions with intense agriculture practice 
(e.g.: 210 organisms per 100 mL) but less than that for urbanised areas (e.g.: 450 organisms 
per 100 mL). During rain events the mean level of E. coli in surface water bodies, in intense 
agricultural areas, increases by orders of magnitude (up to 17,700 organisms per 100 mL) 
(CRC 2004). 

The maximum E. coli level reported from the samples collected, shown in Table 5-2, is above 
the relevant criteria for PCR shown in Table 5-2. This indicates that the presence of pathogens 
in the surface water from Lake Fiskville, using E. coli as an indicator, makes the water 
unsuitable for swimming.

Table 5-2: Screening Results for E. coli (Organisms per 100mL).

Criteria Comparison Concentration Source

Maximum Concentration from samples 330 LFWB

Primary Contact Recreation Criterion (Average value) 150 (600)1

ANZECC (2000)Secondary Contact Recreation Criterion (Average 
Value) 1,000 (4,000)

Note:
1. The numbers in brackets are the maximum value allowed for a continued monitoring period.
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5.4.5 Contaminants of Interest below Laboratory LOR

The following chemical groups reported below the laboratory LOR and are listed in Table 2 in 
Appendix B;

Amino Aliphatics and Aromatics
Anilines;
Chlorinated Hydrocarbons;
Explosives;
Halogenated Benzenes;
Hydrocarbons and Phenols;
Herbicides;
MAHs;
Nitroaromatics;
OCP;
OPP;
Pesticides; and 
Solvents, SVOC and VOC.

5.5 Upstream Surface Water Results

The sample collection at the locations upstream and parallel to the site was to assess the 
background levels of copper, zinc, PFOS, PFOA and 6:2 FtS and are provided in Table 2,
Appendix B, and summarized as follows:

The surface water results, for metals, did not report results above ANZECC 2000 Fresh 
Water (95%) criteria with the exception of slightly elevated concentrations of copper at 
locations ‘A’, ‘A1’, ‘M’, ‘O’ and for zinc at locations ‘O’ and ‘P’, The concentrations 
exceeded only the ANZECC (2000) freshwater criteria; and 
For PFC, all of the background surface water sample locations, upstream and parallel to 
the Site, were below the laboratory LOR (i.e. sample locations ‘A’, ‘A1’, ‘M’, ‘N’, ‘O’, ‘P’, ‘Q’
and ‘R’).
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6 SEDIMENT PORE WATER ASSESSMENT
The need to assess the potential contribution of a chemical loading due to pore water 
concentrations becomes vital in determining whether the sediments in a surface water body 
are acting as a source for the contaminant in solution. For the current assessment at the site, 
there has been no use of PFOS and PFOA foam since 2007; however, the concentrations 
reported for the sediment and surface water results shows that there is still a high chemical 
loading of these compounds within the surface water system. A chemical balance is proposed 
in Section 6.3.

6.1 Meaning of Bulk Sediment Results

The standard method for sediment analysis at the laboratory involves drying of the sediment
sample to remove excess water before preparing the sample for analysis. Sediment results 
are normally reported as ‘dry mass’ so as to standardise results between samples of varying 
moisture content. 

This means that any contaminant present as dissolved chemical in the pore water (interstitial 
or pore water) between the sediment particles when sampled, becomes ‘accounted’ as 
attached to the sediment solids. In the case where the pore water is highly contaminated and 
the sediment is otherwise clean, the result will overestimate the ‘sediment adsorbed’ 
concentration. In the case where the opposite is true, the result will be unaffected by the 
amount of pore water dried from the sample.

6.2 Literature on Chemical Characteristics of PFC

There have been a number of studies reported in the literature on PFOS stability and its 
environmental fate (3M, 2003; Giesy et al., 2010). The evidence for biodegradation of PFOS
has been summarised as “no laboratory data exist that demonstrated that PFOS undergoes 
significant biodegradation under environmental conditions” (Giesy et al., 2010).

With respect to the mobility of PFOS (i.e. adsorption and desorption ratios) it “appears to 
strongly adsorb to soil, sediment, and sludge . . . would not be classified as qualitatively 
mobile. . . .Once adsorbed to these matrices PFOS does not readily desorb, even when 
extracted with an organic solvent” (Giesy et al., 2010). However, PFOS does have water 
solubility limited by the increased concentration of salt in the water (Giesy et al., 2010). 

Although PFC (i.e. PFOS and PFOA) will tend to strongly bind to soil and sediment particles, 
the leachability of PFOS and PFOA has been documented for areas on which biosolids from 
waste water treatment plants have been applied to land which demonstrates that leaching 
does occur across the soil profile (Sepulvado et al., 2010). Gellrich and Knepper (2012)
observed that “the dependency of the physico-chemical properties on the chain length causes 
a different distribution pattern for the different PFC. The longer the perfluorinated carbon 
chain, the higher the bio-concentration factors and the higher the tendency to adsorb to solid 
matrices. Thus short chain PFC are more likely to be found in aqueous matrices whereas long 
chain PFC are predominantly in the solid matrices”.
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Figure 6-1 shows the molecular structure for the PFC which are being assessed for the site, 
namely PFOS, PFOA and 6:2FtS. The chemical molecule for PFOS has a total of 17 fluorine 
atoms (shown in blue) bound to the eight carbon atoms. The carbon chain has a hydrophilic 
group (i.e. sulfonate) attached. The PFOA molecule has 15 fluorine atoms (shown in blue) with 
the hydrophilic group (i.e. carboxylic acid) which forms part of the eight carbon chain. The 6:2 
FtS has a total of 13 fluorine atoms (shown in blue) bound to eight carbon atoms with the 
hydrophilic group (i.e. sulfonate) attached. With regards to the observation made by Gellrich 
and Knepper (2012), PFOS would be most strongly bound to sediment while 6:2 FtS would be 
the least strongly bound to sediment.

Figure 6-1: PFC Molecular Structure Comparison

6.3 Current Sources of PFOS and PFOA

6.3.1 Surface Water Recirculation of POFS and PFOA

It is understood that the current use of AFFF at the site is PFOS and PFOA free, since 2007. 
However, the historical use of AFFF, containing PFOS and PFOA, for training at the site it has 
resulted in the accumulation of PFOS and PFOA within the surface water bodies which is still
available in the water column (i.e. in solution) and in the sediments (both adsorbed and in pore 
water) in the surface water bodies analysed on and off-site (i.e. Dams 1 to 4, Drainage 
Channel, Lake Fiskville and the Beremboke Creek downstream of Lake Fiskville). 

As for the off-site samples, PFOS was detected in the sediment samples more frequently than 
in the water, with the exception of Moorabool River at sample locations ‘J’ and ‘K’. For the 
water samples, PFOS was detected only at sample locations ‘B’, ‘C’, ‘D’ and ‘E’ on the 
Beremboke Creek and sample locations ‘F’ and ‘I’ on the Eclipse Creek. The furthest off-site
sample which PFOA was detected was from sample location ‘F’ on the upper Eclipse Creek.

Prior to 26 June 2012, water recirculation from Dam 2 was still in use at the site for training 
purposes. This practice resulted in a semi closed loop system which retained some level of 
PFC loading within the water bodies (i.e. Dam 1 and Dam 2), even though no new mass 
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loadings of PFOS and PFOA was being added to the system since 2007 (i.e. AFFF containing 
PFOS and PFOA). It is estimated that the hydraulic retention time for Dams 1 to 4 is 
approximately 50 days. Considering that water recirculation from Dam 2 ceased in June 2012
and the surface water bodies were sampled in early August 2012, it allows for a very short 
period of flushing to have occurred assuming a daily water usage of 250 kL per day at that 
time.

However, as there are sections of the dams which do not have complete water flushing due to 
the design of the surface water system which results in areas of lower flow or hydraulically 
dead non-mixing zones. Even though the water inflow to Dam 1, since June 2012, has been 
from a town water source the levels of PFC, with the exception of 6:2 FtS12, are due to 
residual contamination from historical and past use of PFOS and PFOA containing foams at 
the site.

The secondary source of PFOS and PFOA within the surface water bodies at the site are in 
sediments due to residual adsorbed and pore-water PFC. The chemical interaction between 
the aqueous and solid partition of PFOS and PFOA is not known and there are a number of 
variables which can influence this process of PFC desorbing from sediment (3M, 2003; Giesy 
et al, 2010). The complexity in identifying the partitioning coefficient for PFOS lies in its 
chemical characteristics as a surfactant. That is, PFOS has a much higher solubility in pure 
water (i.e. 680 mg/L) than in an organic solvent such as octanol (i.e. 56 mg/L) and significantly 
reduced solubility in salt water (i.e. 12.4 mg/L) (3M, 2003; Ginn, et.al., 2005, Giesy et al., 
2010). Also, the behaviour of PFOS relies on its characteristics as “both ionic and surface 
active, thus other processes, such as adsorption so surfaces and binding to mineral matter or 
clay, may influence its soil partitioning” (3M, 2003). The mobile phase of PFOS due to its 
dissociation from the sediments is the limiting factor in the chemical availability of PFOS in the 
water column, resulting in PFOS remaining bound to sediment for prolonged period of time. 
This is discussed further in Section 6.3.4, where the laboratory analysis of the pore water 
showed that PFOS is strongly bound to sediments and that the surface water concentrations 
reported are due residual PFOS and in part the recirculation of surface waters that occurred 
until June 2012. However, for PFOA, there may be a contributing factor from pore water.

It is proposed in Figure 6-2, that the current flow of water through the system is a constant, 
although not ideal, ‘plug’ flow, since there are areas considered to be dead zones (Note: a 
pure plug flow would result in complete movement of the water column and no residual 
contaminant would have remained). That is, approximately 250 kL of water per day of potable 
water in use since 26 June 2012. This is shown as “Q1” inflow, water flowing from the PAD 
area into Dam 1, and is the same flow “Q1” outflow off Dam 1 into Dam 2 and subsequently 
Dams 3 and 4. Since June 2012, the current inflow of water from the training drills into the 
system can be deemed as PFOS-free (i.e. potable town water with no new loadings of AFFF 
containing PFOS during training events). Then, the detectable PFOS levels are due to residual 
PFOS dissolved in the water column and the dissociation from PFOS adsorbed in the dam 
sediments and possibly from the effluent system infrastructure. Further leach testing could be 
undertaken to assess the significance of the latter.

12 6:2 FtS is a compound found in some currently used AFFF.
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Figure 6-2: Flow System Concept for Current Sources of PFOS

The proposed description of the current source and availability of PFOS at the site are as 
follows:

Historical use - Residual PFOS and PFOA in solution due to the recirculation of water from 
Dam 2 up to June 2012, and adsorbed PFOS and PFOA in sediments;
There is potential for breakdown of longer chain fluorotelomer (i.e. 8:2 FtS) into PFOA; and
Current use – 6:2 FtS in solution and in sediments.

The sediment contribution of PFC into solution, as shown in Figure 6-2, does not seem to be 
directly impacting on the dissolved concentrations of PFC as a low association between 
sediment and water column concentrations has been found during this Assessment. Figure 
6-4 shows a noticeable reduction in the concentration of PFOS in sediments with a relatively 
constant concentration within the water column. However, sediments at the site are 
considered to be an on-going ‘secondary’ source of PFC due to desorption and diffusion of 
PFC from sediment into the water column in the longer term, discussed further in 
Section 6.3.4.
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6.3.2 Perfluorinated Compounds in Sediments

As discussed in Section 6, the sediment samples collected and analysed from Dams 1 to 4, 
Lake Fiskville and Beremboke Creek (Note: First field event), there is a noticeable reduction in 
concentration of PFOS along the surface water flow, as shown in Figure 6-3. This reduction in 
sediment concentration is also noted for 6:2 FtS and PFOA, shown in Figure 4a to 7b 
Appendix A. A summary of the PFOS concentrations reported for the on-site surface water 
bodies on-site is shown in Figure 6-4.

Figure 6-3: Sediment Comparison for PFOS (First Field Event, August 2012)

The highest concentrations in sediments of PFOS, PFOA and 6:2 FtS remains within Dam 1. 
However, the concentrations for 6:2FtS does not show any major decrease from Dam 2 to 
Dam 4, and the concentrations of PFOA remains relatively constant as shown in Figure 4a to 
7b Appendix A, and this is most likely due to ongoing use of an AFFF which contains these 
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compounds. Table 6-1 provides a comparison for the PFOS sediment concentrations reported 
for the surface water bodies during the first field event compared to the data reported by 
Golder (2012). Although samples were collected from different locations an effort was made to 
correlate the approximate sampling locations and it shows that there is an agreement for most
of the sample points.

Table 6-1: Sediment PFOS comparison

Site ID Sample 
Location1

Cardno Lane 
Piper (2012)

Golder 
(2012) Comments

Dam 1

D1A 7660 13,700

Sediment samples collected by 
Cardno Lane Piper, as discussed 
in Section 4.3, were collected 
from a boat as close to the centre 
line of each surface water body. 
Sediment samples collected by 
Golder were from either the inlet 
or outlet of the corresponding 
locations.

D1B 5880 -2

D1C 4250 66,000

Dam 2

D2A 2790 7,530

D2B 1790 -

D2C 892 -

D2D 1200 -

D2E 745 -

D2F 1950 1,920

Dam 3

D3A 742 750

D3B 1350 -

D3C 257 534

Dam 4

D4A 672 773

D4B 426 -

D4C 434 495

Lake 
Fiskville

LFA 91.2 -

LFB 89 153

LFC 57.5 -

LFD 101 -

LFE 785 342
Notes:
1. The sample locations reference is based on Cardno Lane Piper’s sample locations. The comparisons with Golder’s 

sample location are approximate and for reference only, and it does not indicate nor infer that samples were collected at 
the same location.

2. “ – “ no sample for corresponding location.
3. Units in μg/kg.
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6.3.3 Perfluorinated Compounds in Surface Water

The distribution of the PFC compounds assessed in the surface water shows that there is no 
direct correlation between the concentrations in sediments versus concentration in the water 
column. The lack of correlation is highlighted in Figure 6-4 where the concentration for PFOS 
in sediment shows an overall reduction across the surface water bodies which is not reflected 
in the surface water concentrations.

There seems to be a chemical loading in the surface water that is carrying over through the 
system. The surface water analysis reported for the first field sampling event show similar 
levels to the surface water data reported in the site assessment conducted by Golder (2012) 
and is summarised in Table 6-213.

Figure 6-4: PFOS Comparison for Sediment and Surface Water

13 Table 6-2also shows a single data point for PFOS collected for Dam 2 (Wynsafe, 2010); however, the 
concentration of PFOS much lower than the concentrations observed in subsequent PFOS analysis.
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Table 6-2: Summary Surface Water Results on site - PFOS (μg/L)

Site ID Sample 
Location (ID)

Cardno Lane 
Piper (2012) Golder1 (2012) Wynsafe2 (2010)

Dam 1

Averages3

214 122

Dam 2 229 202 0.6

Dam 3 178 153

Dam 4 161 115

Lake Fiskville
LFB 13.1 35

LFE 9.56 27.2
Notes: 
1. Golders (2012) surface water samples collected using a bailer.
2. Wynsafe (2010) - it is understood from the Wynsafe report that the water sample was collected at the fire hydrant. For the 

purpose of comparison in this table, it is associated to the nearest sample point to the pump intake.
3. Average – for Dams 1 to 4 the average for the respective samples was calculated and shown for the Cardno Lane Piper 

results (2012).
4. All units in μg/L.

6.3.4 Sediment Pore Water Analysis 

This section summarises the findings of additional work undertaken to identify the potential 
contribution of PFC from sediment. The hypothesis tested was that the pore water 
concentrations for PFOS and PFOA were higher than the concentration reported for the water 
column. The analysis of the data obtained for the pore water assessment is discussed here.

An assessment of the concentration of PFC in the pore water for selected sample locations for 
the sediments and surface water was conducted to compare the concentrations from the 
surface water and sediment matrix as follows:

Selected sediment samples were subdivided into two subsamples and one subsample was 
analysed (no treatment). The selected sediment samples were:

Dam 1 – locations ‘A’ and ‘B’ (i.e. D1SA and D1SB);
Dam 2 – locations ‘A’ and ‘F’ (i.e. D2SA and D2SF); and
Lake Fiskville – locations ‘A’ and ‘E’ (i.e. LFSA and LFSE).

The second subsamples of sediment were centrifuged to extract pore water. The residual 
sediments were analysed; and
The centrifuged pore water, which was extracted from second subsample in the sediments, 
were analysed for 6:2 FtS, PFOA and PFOS.

The data for the 6:2 FtS, PFOA and PFOS in pore water and surface water are summarised in 
Table 6-3. The following interpretation is made for data from Dams 1 and 2:

6:2 FtS – the average concentration is highest in pore water than in the surface water (i.e. 
2.8 times higher in pore water);
PFOA – the average concentration is higher in pore water than in the surface water (i.e. 
1.8 times higher in pore water); and
PFOS – the average concentration is much lower in pore water than in the surface water 
(i.e. 0.07 times lower in pore water).

For the sample assessed from Lake Fiskville, the pore water concentration is not very different 
than the surface water concentrations, shown in Table 6-3.
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Table 6-3: PFCs in Sediment Pore Water and Surface Water

Pore Water Surface Water 
Area Sample ID PFOA 6:2 FtS PFOS PFOA 6:2 FtS PFOS Sample ID Units

Dam 1
D1SA 30.6 315 8.04 5.6 82 240 D1WA μg/L

D1SB 22.6 154 30.8 7.84 93.8 208 D1WB μg/L

Dam 2
D2SA 11.3 421 17.8 13.9 123 253 D2WA μg/L

D2SF 6.45 242 5.34 11.8 98.8 218 D2WF μg/L
Lake 
Fiskville LFSA 1.51 3.7 3.9 0.5 4.7 11.1 LFWA μg/L

The concentrations reported for the selected samples for Dam 1 are shown in Figure 6-5.
Sediment analysis for the samples selected for Dam 1 demonstrated that there is no major 
difference between the sediment analysed without being centrifuged (i.e. Total) with the 
centrifuged samples (i.e. Centrifuged). However, the concentration of PFOS in the pore water 
is much lower than the concentration in the water column (i.e. surface water). This is 
consistent with the observations made by Gellrich and Knepper (2012) in which it was 
observed that “the dependency of the physico-chemical properties on the chain length causes 
a different distribution pattern for the different PFC”.

While the pore water data demonstrates that PFOS is strongly bound to sediments, as 
reported in the literature (Gellrich and Knepper, 2012), it provides an indication that desorption 
from sediments takes place. This will result in sediments being an ongoing source of PFOS 
and PFOA at the site in particular for Dams 1 to 4. Although the movement of sediments 
between dams is unlikely, the desorption of PFC from sediments into the water column can act 
as a potential ‘secondary’ source for PFOS and PFOA.

A summary graph of the respective concentrations of pore water, sediment and surface water 
for Dams 1 and 2, and Lake Fiskville is provided in Figures D42, D43 and D44, in Appendix D.
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Figure 6-5: Dam 1 Sediment and Pore Water Comparison

6.3.5 Suspended Solids Analysis 

An assessment was also conducted of the potential for PFC to adsorb on to the suspended 
solids in the water column. This was in part to confirm if the surface water concentrations were 
primarily from dissolved PFC or a compounded addition of adsorbed on suspended solids with 
dissolved PFC.

In order to assess the adsorption of PFC on the suspended solids, selected surface water 
samples were analysed as follows:

Selected surface water samples were subdivided into two subsamples and one subsample 
was analysed (no treatment). Selected surface water samples:

Dam 1 – locations ‘A’ and ‘B’ (i.e. D1WA and D1WB);
Dam 2 – locations ‘A’ and ‘F’ (i.e. D2WA and D2WF); and
Lake Fiskville – locations ‘A’ and ‘D’ (i.e. LFSA and LFSD).

A quality control sample was collected from Dam 1, at sample location D1WA; and
The second subsamples of the surface water samples were centrifuged and the 
supernatant analysed for PFC (i.e. 6:2 FtS, PFOA and PFOS).
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From the data obtained it can be concluded that there is no substantial difference in the 
samples analysed, either by the standard method or following centrifuge and analysis of 
supernatant14. Table 6-4 provides a summary of the concentrations reported for the 
corresponding samples and a graphical representation is provided in Figure 6-6 which 
includes the uncertainty calculations for the analysis provided by the laboratory. It can be 
concluded from concentrations in the surface water column versus the centrifuged surface 
water samples that almost all of the PFOS is in solution.

Table 6-4: PFCs in Surface Water and Centrifuged Water

Centrifuged Supernatant Water Surface Water 
Sample Area ID PFOA 6:2 FtS PFOS PFOA 6:2 FtS PFOS ID Units

Dam 1
D1WA 5.86 95.9 155 5.24 106 154 D1WA μg/L

D1WB 5.7 92.7 173 5.62 86.2 137 D1WB μg/L

Dam 2
D2WA 9.96 106 284 9.02 100 246 D2WA μg/L

D2WF 9.02 112 225 9.3 119 247 D2WF μg/L

Lake Fiskville
LFWA 1.42 24.5 24.9 1.25 21 27.9 LFWA μg/L

LFWD 1.27 20.7 28.3 1.06 16.5 20.6 LFWD μg/L

14 Based on the exposure pathway assessment conducted in the Human Health Risk Assessment by Cardno Lane 
Piper (2014e & 2014f).
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7 DISCUSSION OF SEDIMENT RESULTS
This section provides a summary of selected COI (i.e. PFOS, PFOA, 6:2 FtS, copper and zinc) 
for Dams 1 to 4, Drainage channel, Lake Fiskville, and upstream and downstream of the site.
There is also a discussion with regards to analytes which have been assessed as part of the 
potential contamination for the site such as the use of hydrocarbons during the training 
exercises and the potential for burned plastic and other vehicle components to be dissolved in 
water and adhered to sediment, it was decided to also include TPH and PAH in this summary.
All the sediment results are provided in Tables 1a, 1b and 4, Appendix B.

7.1 Perfluorinated Compounds

The highest concentration of PFC was reported for the sediments collected form Dam 1. There 
is a clear lowering in sediment concentrations for PFC with increased distance from Dam 1, as 
shown in Figure 7-2.

The following observations are noted for the concentrations15 of PFC for the sediment samples 
for the on-site surface water bodies:

PFOS concentration ranges from 672 to 7,660 μg/kg in Dams 1 to 4 and Drainage 
Channel. The concentrations in Lake Fiskville ranged from 57 to 785 μg/kg and there was 
no noticeable reduction in sediment concentration in Lake Fiskville as noted and discussed 
for the surface water samples. However, there is a higher concentration for PFOS in Lake 
Fiskville noted for the deeper portion of the Lake;
PFOA concentration ranges from 8.1 to 159 μg/kg in Dams 1 to 4 and Drainage Channel.
PFOA was reported at only one sample location in Lake Fiskville (i.e. Sample location ‘D’, 
at 0.7 μg/kg); and
6:2 FtS concentrations ranges from 219 to 811 μg/kg in Dams 1 to 4 and Drainage 
Channel. The concentrations reported for Lake Fiskville are relatively low with a maximum 
reported concentration of 24 μg/kg.

The surface water body system provides a sediment retention concentration which 
demonstrates that the sediments are retained with higher concentrations closer to the PAD 
areas. The reduction in concentration in the sediments in successive surface water bodies is 
due to surface water and sediment interaction and not a degradation of the COI. Summary 
figures for PFC in sediments for the corresponding dams are shown in Appendix D, as follows:

Dam 1 – figures D 21, D22 and D23;
Dam 2 – figures D24, D25 and D26;
Dam 3 – figures D27, D28 and D29;
Dam 4 – figures D30, D31 and D32;
Drainage Channel – figures D33, D34 and D35; and
Lake Fiskville – figures D36, D37 and D38.

The concentrations of PFC for the off-site sediment samples are as follows:
The upstream samples had low concentrations of PFOS only, reported above the 
laboratory LOR. The Beremboke Creek at locations A, A1 and M had PFOS concentrations 
of 2, 1.8 and 2.4 μg/kg respectively. For the parallel creek (i.e. Pipeclay Gully, at sample 

15 These are references to maximum values reported.
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location ‘N’) the reported PFOS concentration was 3.5 μg/kg. PFOA and 6:2 FtS was not 
reported above LOR for the upstream locations.
The downstream samples for the Beremboke and Eclipse Creek reported concentrations 
for PFOS only, above the laboratory LOR for sample locations ‘F’ and ‘I’. A summary graph 
for PFOS concentrations at the corresponding sample locations is shown in Figure D50, in 
Appendix D.
The Moorabool River only had one sample location (i.e. Sample location ‘L’) where a 
sediment sample had a PFOS detect above the LOR. There were a total of three sample 
locations along the downstream reaches of the Moorabool River. The other two sample 
locations (i.e. Sample locations ‘J’ and ‘K’) did not have any PFC reported above 
laboratory LOR. For the upstream and parallel samples (i.e. Sample locations ‘O’, ‘P’, ‘Q’ 
and ‘R’) on the Moorabool River, all sediment samples did not have any PFC reported 
above laboratory LOR.

Figure 7-1 shows the reported PFOS concentrations for the corresponding sample locations.

Figure 7-1: PFOS Detection in samples Upstream and Downstream from Site

The contaminant transport of PFC downstream can be inferred to be associated with the Site 
as being a source for PFOS as there are no other potential point-sources of PFC observed 
upstream or nearby sample point ‘I’. Other possible sources of PFC are facilities such as 
municipal sewerage treatment plants, metal plating activities, aviation hydraulic oil
manufacturing, polyetrafluoroethylene or more commonly known as Teflon.

Concentrations of PFOS off-site show a reduction in levels when compared to sample point ‘B’ 
located on Beremboke Creek, immediately south of Lake Fiskville.  However, for the purpose 
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of addressing part of Recommendation 3 in which the IFI Report states the objective is to “. . . 
investigate potential sources of PFOA and PFOS discharges to Lake Fiskville and discharging 
off-site” (Joy, 2012), it shows that detectable levels of PFOS and PFOA are present in 
sediments in the surface water bodies downstream of the site (i.e. Beremboke and Eclipse 
Creeks).

As noted in Section 5.1, during the investigation for the supplementary surface water and 
sediment report, Appendix I, Cardno Lane Piper considered the inclusion of extended PFCs,
and summarized in Table 7-1 are the compounds which reported concentrations above the 
laboratory LOR (i.e. PFBS, PFHpA, PFHxA, PFHxS, PFNA, PFDcS and PFUnA) in sediment 
samples.

The supplementary surface water and sediment assessment identified 8 PFC compounds, in 
addition to PFOS, PFOA and 6:2 FtS, in the sediment samples and are summarized in Table 
7-1.

Table 7-1: Summary of Extended PFC Analysis Surface Water – Fourth Field Event

Sample
Locations Units

Analytes

PFBS PFHpA PFHxA PFHxS PFNA PFDcS PFUnA 8:2 FtS

CKB2

μg/kg

0.4 1.1 3.1 4.3 < 0.2 < 0.2 < 0.2 < 1.0

CKC2 0.3 0.6 1.2 3.4 < 0.2 < 0.2 < 0.2 < 1.0

CKD2 1.3 2.7 4.7 10.6 0.7 0.3 0.4 1.0

CKS < 0.2 0.3 1.3 1.1 0.4 0.2 0.3 2.0

CKT 0.6 1.5 4.7 12.4 0.4 0.2 0.4 2.0

CKU 0.6 2.4 4.7 11.7 0.5 < 0.2 0.2 < 1.0

CKV 0.5 1.5 3.4 8.2 0.2 < 0.2 < 0.2 < 1.0

CKE2 < 0.2 0.4 1.2 3.3 < 0.2 < 0.2 < 0.2 < 1.0

The most commonly detected PFCs were PFBS, PFHpA, PFHxA and PFHxS. The lower 
concentration for PFBS in the surface water within this section of the Beremboke Creek, as
noted in Section 5.1, can be in part due to lower concentrations in the sediment samples.
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7.2 Petroleum Hydrocarbons

Petroleum hydrocarbons were mainly detected in Dams 1 and 2, with low levels in 
Dam 4. No samples with detectable concentrations above the laboratory LOR were 
reported for sediment sample locations for Lake Fiskville and Beremboke Creek, 
shown in Figure 7-3. This is readily explained by biodegradation of these compounds 
which is commonly observed at sites contaminated by petroleum products such as 
service stations.

Figure 7-3: Sediment Results – Petroleum Hydrocarbons

PAH concentrations were detected in Dam 1 and at the sample location nearest to the 
inlet for Dam 2 (i.e. sample location ‘A’). No detectable concentrations above the 
laboratory LOR were reported for sediment sample locations for Dams 3, 4, Drainage 
Channel, Lake Fiskville and Beremboke Creek.
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7.3 Metals

Background levels for copper and zinc where calculated from samples collected for the 
upstream and downstream locations. The background levels16 for copper and zinc are 
8.7 and 26.8 mg/kg respectively. The levels of copper and zinc are highest in Dams 1, 
2 and Lake Fiskville, which correlates with the period of time each of the surface water 
features have been operational. The zinc concentrations assessed in the Drainage 
Channel, Dams 3 and 4, and upstream and downstream of the site are considered to 
be at background levels. However, the concentrations for copper are consistently 
above the calculated background levels. A summary for copper and zinc 
concentrations for the on-site and Beremboke Creek are shown in Figure 7-4.

Figure 7-4: Sediment Results - Copper & Zinc (Against Background Levels)

16 Background levels are taken from the median values of 14 sediment sample locations for the 
concentrations of Cu and Zn. Surface water sample locations from Beremboke and Eclipse Creeks, and 
Moorabool River (‘A’, ‘A1’, ‘F’, ‘G’, ‘I’, ‘J’, ‘K’, ‘L’, ‘M’, ‘N’, ‘O’, ‘P’, ‘Q’ & ‘R’). Note that sample locations 
downstream and nearer to the Site have not been included in the calculation of sediment background 
levels.
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Dam 2 sediment concentrations for copper and zinc were compared with sediment 
results reported by Coffey for Dam 2 in 1996, and this summary is provided in Table 
7-2 with the approximate corresponding sample locations within Dam 2.

Table 7-2: Sediment Results - Copper and Zinc in Dam 2

Sample 
location1

Cardno Lane Piper, 
2012 Coffey, 1996

Cu Zn Cu Zn

Dam 2 - A 57 652 14 81

Dam 2 - B 23 198 6 65
Note:
1. Sample locations ‘A’ and ‘B’ as shown in Figure 5A, Appendix A. Note that the sample 

locations from Coffey (1996) are based on the Dam 2A- and Dam 2C-P which were for the 
water inflow and discharge points respectively at the time of the assessment (Coffey, 
1996).

The concentrations of copper and zinc for the Beremboke Creek samples in the 
upstream sediments are similar to those for samples directly downstream of Lake 
Fiskville (i.e. Sample locations ‘B’, ‘C’, ‘D’ and ‘E’). However, the concentrations of 
copper and zinc in sediments from Lake Fiskville are higher than background levels, as 
shown in Figure 7-5.

Figure 7-5: Sediment Results – Creek & Lake Fiskville Copper and Zinc 

The Moorabool River has a higher zinc levels than reported for Dams 3 and 4. 
However, the sample locations for the off-site samples were in close proximity to a 
public access road, and the wearing of vehicle tyres can be a common source of zinc in 
the environment (Councell, et.al. 2004).

7.4 Dioxins

Dioxins were analysed in select sediment samples from Dam 1, Dam 2, Dam 3 and 
Lake Fiskville. The reported concentrations for these analyses are summarised below 
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in Table 7-3 for each dioxin and furan as well as the toxic equivalent (assuming non-
detects are present as half limits of reporting) as reported by the laboratory. 

Table 7-3: Summary of Toxic Equivalent Quotients and Results for Dioxins 
(ng/kg)

Dioxin/Furan WHO-TEF
Sample Location1

D1SC D1SC-Dup D2SA D2SF D3SB LFSE

2378-TCDD 1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

12378-PeCDD 1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

123478-HxCDD 0.1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

123678-HxCDD 0.1 <2.5 3 <2.5 <2.5 <2.5 <2.5

123789-HxCDD 0.1 2.9 3.2 <2.5 <2.5 <2.5 <2.5

1234678-HpCDD 0.01 56.3 61.8 36.9 8.9 4.7 21.8

OCDD 0.0003 946 909 452 132 113 946

2378-TCDF 0.1 1.1 1.1 0.9 <0.5 <0.5 <0.5

12378-PeCDF 0.03 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

23478-PeCDF 0.3 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

123478-HxCDF 0.1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

123678-HxCDF 0.1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

234678-HxCD 0.1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

123789-HxCDF 0.1 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

1234678-HpCD 0.01 10.2 11.7 5.1 <2.5 <2.5 2.6

1234789-HpCDF 0.01 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5

OCDF 0.0003 20 19.2 7.2 <4.9 <5.0 5.1

Total TEQ
(TEQ-WHO2, 0.5 x 
LOR)

- 4.03 - 3.43 2.93 2.92 3.35

Notes:
LOR = Limit of Reporting, Dup = Duplicate, WHO-TEF = Toxicity equivalent Factor for Dioxin from World Health Organisation, 

TEQ-WHO2 = Toxic equivalent using TEF from World Health Organisation assuming non-detects are present at 0.5 x 
LOR.

1. Sample Locations: D1SC = Sediment sample from Dam 1 in location C, D2SA = Sediment sample from Dam 2in location 
‘A’,  D2SF = Sediment sample from Dam 2 in location ‘F’, D3SB = Sediment sample from Dam 3 in location ‘B’ and LFSE= 
Sediment sample from Lake Fiskville in location ‘E’.

The TEQ-WHO2 of 4.03 ng/kg reported for Dam 1 is slightly in excess of the adopted 
human health screening criterion for dioxins of 4 ng/kg (CCME 2012). The adopted 
screening value for dioxins is set for agricultural, residential, commercial and industrial 
land settings and was derived for the most sensitive individual, i.e. a toddler. However, 
the CCME (2002) has derived a provisional screening value of 175 ng/kg for an adult. 
The adult screening value is considered appropriate as the site is a workplace and has 
restricted access to the general public. As a result the level of dioxin in sediment from 
Dam 1 does not present an unacceptable risk to site users. TEQ-WHO2 from other 
locations are below the adopted screening value.
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A dioxin toxic equivalent value for fish (TEQFish) of 3.65 ng/kg was calculated by 
Cardno Lane Piper using dioxin data for Dam 1 (the highest concentration reported) 
and toxic equivalent factors provided by CCME (2001) for fish. The TEQFish exceeds 
the adopted environmental screening criterion of 0.85 ng/kg derived by CCME (2001) 
for freshwater. The majority of the makeup for the TEQFish is from dioxin and furan 
compounds which are non-detects. Also, CCME (2001) derived a probable effect level 
of 21.5 ng/kg which is higher than the TEQFish calculated. Therefore, it is unlikely that 
dioxins in the sediments are resulting in adverse effects in aquatic ecosystems at the 
Site.

7.5 Additional Compounds and Indicators

The following chemicals are noted due to the elevated concentrations noted in the 
sediment samples. However, these analytes are not considered a COI.

Lead has a higher concentration in Dam 1 then for the remainder of the sediment 
samples assessed for the site, shown in Figure D16, Appendix D; however, the 
concentration of lead in Dam 1 exceeded the ANZECC 2000 ISQG Low screening 
criteria only and lead did not have any exceedance for the other surface water 
bodies, therefore it is not considered a contaminant of concern.
Nitrogen as TKN was recorded at high concentrations in all sample locations in
Dams 1 and 2, and in Lake Fiskville at samples locations ‘D’ and ‘E’ (i.e. south 
portion of lake). It is possible that nitrogen species that are included in the TKN 
analysis can be from past historical site activities or a nitrogen compound present in 
foams (i.e. amine group). However, as these compounds are not considered in this 
assessment as a contaminant of concern no further assessment has been 
conducted. It is noted here, since nitrogen does play a role in potential nutrient 
enrichment of surface water bodies. However, the nitrogen levels in sediment for 
nitrate are relatively low. The TKN data is shown in Figure D8, Appendix D; and
Fluoride in sediments was assessed as it was considered a potential contaminant 
due to the composition of the AFFFs. However, from the data assessed, the 
concentration of fluoride in sediments does not shown have a relationship with 
regards to the concentrations of PFC. Also, the concentration of fluoride on the 
Beremboke Creek at location ‘A’ (i.e. upstream) was 120 mg/kg which is 
comparable to the fluoride concentrations in the downstream samples for the 
Beremboke Creek (i.e. ‘B’, ‘C’, ‘D’ and ‘E’).

The following chemical groups reported below the laboratory LOR, the analytes which 
fall within the chemical groups are included in Table 1a and 1b in Appendix B, and only 
the chemical groups are noted: Amino and amino Aromatics; anilines; BTEX;
chlorinated hydrocarbons; explosives; halogenated benzenes, hydrocarbons and
phenols; herbicides; nitro aromatics; OCPs; OPPs; pesticides; solvents; SVOCs and 
VOCs.

7.6 Assessment against Published Criteria

Cardno Lane Piper notes that a criterion suitable for screening risks relevant to human 
health and ecological impacts are not currently available from Australian authorities for 
a large number of compounds (i.e. PFCs).  This includes many of the compounds 
included in the analytical suite as part of the current assessment at the Site. A 
summary of the adopted criteria for PFC, dioxin and petroleum hydrocarbons is 
provided Appendix H; in which a summary and justification of the criteria selected for 
certain compounds for which there is no local guidance is justified. Compounds 
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considered in Appendix H are those potentially related to hot fire training activities (e.g. 
dioxins, petroleum hydrocarbons and PFC) and consideration is given with regards to:

Selecting human health screening criteria;
Selecting  ecological screening criteria; and
A summary of adopted criteria for dioxins, petroleum hydrocarbons and PFC.

The sediment data presented in Table 1, Appendix B has also been assessed against 
the published criteria:

Australian criteria set out in section 3.5 of ANZECC 2000 - Interim Sediment Quality 
Guidelines.
Environment Agency UK – Environmental Risk Evaluation Report for PFOS, 2004.

The ISQG are based on a two tiered approach (High and Low Trigger Values) to 
identification of sediment quality with potential to cause harm to aquatic ecosystems 
and impact the food web. Values below the low trigger value are low risk while those 
above the high trigger required sit-specific assessment of risks and potentially toxicity 
testing. Values between the triggers may be assessed against background or 
bioavailability assessments before moving to more complex investigations. There are 
no ISQG criteria for PFCs.

The EA UK guidelines are based on published no effect levels for organism in aquatic 
ecosystem.

This assessment indicted that:
PFCs: PFOS exceeds the 95% species protection criterion of 67 μg/kg for PFOS 
(EA, 2004) in most of the on-site sediment samples, with the exception of sample 
location ‘C’ in Lake Fiskville. Samples from location ‘B’ and ‘C’ on the Beremboke 
Creek also exceed this criterion. No sediment criteria have been found for PFOA for 
ecological investigation levels and 6:2 FtS. However, for 6:2 FtS the adopted 
criteria for PFOS has been relied upon as a screening value;
Metals: Sediments from Lake Fiskville exceeded the low trigger value for zinc at 
sample locations ‘A’, ‘B’, ‘D’ and ‘E’ (ANZECC, 2000); however, there were no 
exceedance for zinc for the samples collected further downstream on the 
Beremboke Creek; and
Hydrocarbons: Samples from Dams 1 and 2 exceeded the criteria for TPH and 
PAH. There were no exceedances of the adopted criteria for BTEX, TPH, PAH in 
Lake Fiskville.

7.7 Upstream Sediment Sample Results

Upstream and off-site sample locations are shown in Figures 3b and 3c Appendix A,
and were selected at various distances north and west of the site. Upstream samples 
directly to the north of the site, less than 5.0 km, are sample locations ‘A’, ‘A1’
(Duplicate), ‘M’ and ‘N’. These locations had comparable concentrations of copper and 
zinc compared to sample locations ‘O’, ‘P’ and ‘R’ which were located at distance 
greater than 7.0 km from the site. Sample location ‘Q’, furthest point to the north of the 
site, just south of the Western Freeway, and at the northern inlet into the Bostock 
Reservoir, had the highest concentration of lead17 and zinc. The elevated 

17 Note: Pb is not included as a COI; however, it is only noted in this instance due to the high concentration
detected at sample location Q and it is not associated with any Site activities.
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concentrations of lead and zinc (i.e. 965 and 239 mg/kg respectively) can be linked to 
the proximity of the freeway. The zinc concentration for this location is not 
representative of background level and was not included in the calculation of metal 
background levels discussed in Section 5.3.

The background sample locations have concentrations which shows that the sample 
locations closer to the site (i.e. ‘A’, ‘A1’, ‘M’ and ‘N’, directly to the north) have 
detectable concentrations of PFOS in sediments (the concentration of PFOS at these 
locations are less than 4.0 μg/kg).  For sample locations ‘O’, ‘P’, ‘Q’ and ‘R’, there were 
no PFC reported above the laboratory LOR (the LOR reported is 0.5 μg/kg).  This 
distribution of PFC could be explained by airborne aerosols containing PFC derived 
from the site. The predominant wind directions for the site, is from the north north-west 
and south east direction, as shown in Figure 52D, Appendix D. Cardno Lane Piper 
notes that no background concentration for PFC have been calculated as part of this 
assessment.

7.8 Need for Sediment Remediation

The sediments in water bodies on-site and off-site has been assessed and compared 
to the available criteria. Sediments are impacted by PFC, hydrocarbons and metals in 
most of the water bodies on-site and some impact by zinc off-site. Assuming that the 
only water body on site requiring protection under SEPP Waters of Victoria is Lake 
Fiskville and the Beremboke Creek, the sediment quality is a driver for remediation of 
the lake but not dams since the dams are purpose designed water retention basin as 
part of the Site’s water management. However, remediation of water and sediment in 
the water bodies on-site is warranted in order to remove the residual (secondary) 
source of contaminants with potential to be discharged from site.
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8 BENEFICIAL USE ASSESSMENT 
The IFI Report, as discussed in Section 1 recommends that an assessment of water 
quality is to be conducted “where discharges occur to the environment” (Joy, 2012). 
This section provides a discussion of the water quality results relative to water quality 
criteria published and adopted by EPA for protection of Beneficial Uses of surface 
water on-site and off-site in accordance with the State Environment Protection Policy 
Waters of Victoria (SEPP, 2003). The Aquatic Ecology Assessment of Lake Fiskville is 
discussed in a separate report by Cardno (2014).

A summary of the exceedances of criteria in sediments in Lake Fiskville and 
Beremboke Creek is provided in Section 8.3. The mass of PFC contained within the 
sediment and pore water fractions are acknowledged to be an ongoing source of slow 
release of PFC into the water column.

A table for the compounds and concentrations which exceed the adopted water quality 
criteria is provided in Appendix B. It should be noted that the initial monitoring event 
tested waters onsite and in Beremboke Creek immediately downstream of the site was 
tested for a wide suite of parameters (e.g. PFCs, metals, OCP, OPP, TKN). 
Subsequent sampling events off-site focused on PFCs, copper and zinc as discussed 
in Section 4.

8.1 Protected Beneficial Uses

The State Environment Protection Policy Waters of Victoria covers all natural surface 
water environments in Victoria (it does not apply to private dams, ponds and drains or 
sewerage lagoons etc.). It is assumed for the purpose of this study that the policy 
applies to all water bodies under consideration except Dams 1 to 4 and their 
interconnecting drains. However, the quality of water in these is relevant to the extent 
that they drain into Lake Fiskville which is considered to be protected by the policy.

The policy divides the State of Victoria into ‘segments’ which share similar features in 
terms of “environmental condition, aquatic ecosystem type and a range of current and 
future beneficial uses” (EPA, 2003).

According to the SEPP Waters of Victoria the Fiskville Training College area is located 
in the Moorabool Catchment and falls within the Cleared Hills and Coastal Plains 
segment and is described as follows (bold text added for emphasis):

“This segment consists of the upper river and stream reaches in the Campaspe, 
Loddon, Avoca, Wimmera and Hopkins catchments, mid reaches in the Ovens, 
Broken and Goulburn catchments, lowland river and stream reaches and their 
catchments in the Barwon, Yarra, Latrobe, Thomson, Macalister, Mitchell, Tambo, 
Gellibrand and Snowy catchments, lowland river and stream reaches in the Curdies, 
Moorabool, Werribee, Maribyrnong and Western Port catchments and river and 
stream reaches in south Gippsland. This segment is extensively cleared, although 
there are isolated remnants native forests left in the cleared hills. There are also 
substantial urban centres”.

The following beneficial uses for surface waters protected under segment Cleared Hills 
and Coastal Plains is shown in Table 8-1.
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Table 8-1: Beneficial Uses to be Protected (SEPP WoV, 2003)

Beneficial Uses
Rivers & Streams

Cleared Hills & Coastal 
Plains

Comments

Aquatic ecosystems that are:

Largely unmodified -

Slightly to moderately 
modified

This recognises the relatively 
degraded nature of the 
streams in the Moorabool 
catchment.

Highly modified -

Water suitable for:

Primary contact and 
recreation The reaches of the 

Beremboke and Eclipse 
Creek which are very low flow 
or ephemeral may not 
suitable for this use.

Secondary contact and 
recreation

Human consumption (drinking 
water) after appropriate 
treatment

Aesthetic enjoyment

Indigenous cultural and 
spiritual values A study of these beneficial 

uses is considered beyond 
the scope of this assessment.Non-indigenous cultural and 

spiritual values

Agriculture and irrigation

The reaches of the 
Beremboke and Eclipse 
Creek which are very low flow 
or ephemeral are not suitable 
for this uses is use.

Aquaculture

Industrial and commercial use

Fish, crustacea & molluscs for 
human consumption

However, for the purposes of this assessment the beneficial uses that are most 
applicable to the Site and surrounding areas are:

Maintenance of ecosystems – slightly to moderately modified;
Primary contact recreation;
Secondary contact recreation; and
Agriculture and irrigation, including Stock watering.

8.2 Water Quality Objectives & Criteria

8.2.1 SEPP Water Quality Objectives

EPA Victoria has published an Information Bulletin which highlights water quality and 
nutrient objectives for rivers and streams for ecosystem protection (EPA, 2003a and 
2003b). The nutrient water quality objectives were derived to be:
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Aimed at protecting the health of the aquatic ecosystem,
Ecologically based,
For regions of relative homogeneity in water quality,
Not for heavily urbanised areas,
Applied to perennial rivers and streams,
Not appropriate for intermittent/episodic streams, lake, wetland, estuaries or marine 
waters, and
Not to be used as a value to ‘pollute up to’.

Although the nutrient water quality objectives are not appropriate for intermittent or 
episodic streams such as Beremboke and Eclipse Creeks, it will still be considered in 
this instance for Lake Fiskville as it is a permanent surface water body. The Water 
Quality and Nutrient Objectives (EPA, 2003a & 2003b) established physicochemical 
parameters for acceptable river health (e.g. avoidance of eutrophication effects) for 
‘cleared hills and coastal plains’ are taken from Table A1 (p.32), SEPP Waters of 
Victoria and summarized in Table 8-2.

Table 8-2: Water Quality Objectives for Moorabool Catchment (SEPP Waters of 
Victoria)

Total 
P 

(μg/L)

Total 
N

(μg/L)
DO (%)

Turbidity 
(NTU)

Electrical 
Cond. 

(μS/cm)

pH

75th

perc.
75th

perc.
25th

perc. Maximum 25th

perc.
75th

perc.

Upland < 25 < 600 > 85 110 < 10 < 500 > 6.5 < 8.3

Lowland < 45 < 600 > 85 110 < 10 < 1,500 > 6.5 < 8.3
Notes:
1. DO – Dissolved Oxygen % saturation
2. “perc.” – short for percentile

The applicable water quality objectives for the site are within the uplands of Moorabool 
catchment. The parameters are shown in Table 8-2, which provides a reference since 
the guideline recommends that percentiles must be calculated from a minimum of 
‘eleven data points collected from monthly monitoring over one year’ (SEPP Waters of 
Victoria, 2003).

8.2.2 Australian Published Criteria

SEPP Waters of Victoria refers to locally published water quality criteria, principally 
ANZECC 2000. Table 8-3 provides a summary list of referenced water quality 
guidelines.

Table 8-3: Water Quality Criteria for Surface Water

Beneficial Use Category Applicable Water Quality Criteria (WQC)

Maintenance of Aquatic 
Ecosystems

Those applicable under the relevant SEPP for receiving waters. 
In this case the SEPP Waters of Victoria applies and the water 
quality guidelines are found in Chapter 2 of the ANZECC 
(2000) Australian Water Quality Guidelines for Fresh and 
Marine Waters.
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Beneficial Use Category Applicable Water Quality Criteria (WQC)

Human consumption (drinking 
water) after appropriate 
treatment

NHMRC/NRMCANZ (2011) Australian Drinking Water 
Guidelines. National Water Quality Management Strategy.

Agriculture and irrigation Chapter 5 of the ANZECC (1992) Australian Water Quality 
Guidelines for Fresh and Marine Waters.

Stock Watering

Chapter 5 of the ANZECC (1992) Australian Water Quality 
Guidelines for Fresh and Marine Waters; and
ANZECC/ARMCANZ (2000) Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality.  National Water 
Quality Management Strategy.

Industrial Water use Chapter 6 of the ANZECC (1992) Australian Water Quality 
Guidelines for Fresh and Marine Waters.

Primary & Secondary Contact 
Recreation

NHMRC (2008) Guidelines for Managing Risks in Recreational 
Water.

8.2.3 Site-specific or International Criteria for PFCs

While some of the COI relevant to this assessment have readily available published 
criteria for protection of surface waters, there are no published criteria in Australia for 
PFCs. Indeed there are few criteria published internationally. Table 8-4 presents a 
summary of PFOS criteria compiled in a literature search by Cardno Lane Piper. The 
criteria available for this assessment range from the Ecological protection of 460 μg/L,
as a high value, to 0.023 μg/L as a low value, shown in Table 8-4. Additional 
discussion regarding the available PFC criteria (including PFOA, 6:2 FtS and shorter 
chain PFCs such perfluoro butane-based or hexane-based compounds) is provided in 
Appendix H and the criteria highlighted in bold in Table 8-4 have been used in the 
assessment of the surface water results provided in Appendix B.

Dam 4 is considered to be the point of discharge from the PAD water system into Lake 
Fiskville. Although Dam 4 is not a protected surface water body under SEPP Waters of 
Victoria (SEPP, 2003), it is noteworthy that the concentration of PFOS in surface water 
for Dam 4 exceeds the water quality criteria for the protection of ecosystem, human 
health for the consumption of fish, stock watering and human health for drinking water.

Table 8-4: Published Criteria for PFOS

PFOS Criteria (μg/L) Source Comments

Ecological1 460 Giesy (2010)
Considered as chronic exposure, 
not adopted as a screening 
criteria.

Eco. 95% protection 5.1 Giesy (2010) Adopted criteria for continuous 
exposure

Human Health Drinking Water 0.2 US EPA (2009)

Eco. MPCEco 0.023 RIVM (2010) MPC2 (RIVM, 2010)

Stock Watering 0.0026 RIVM (2010) MPC3
sp (RIVM, 2010)

HH4 Consumption (Fish) 0.00065 RIVM (2010) MPC (RIVM, 2010)
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PFOS Criteria (μg/L) Source Comments

Notes:
1. “Chronic water concentrations less than or equal to 460 μg/L should not pose a significant adverse risk to aquatic 

organisms” (Giesy, 2010)
2. MPC – Maximum Permissible Concentration (Fresh water)
3. MPCsp – Maximum Permissible Concentration Secondary Poisoning (Fresh water)
4. HH – Human Health

8.3 Surface Water Results Exceeding Criteria

This section provides a discussion of surface water results for each analyte which 
exceed the adopted criteria. Results have been analysed using ESDAT database 
including the WQC adopted for this study. Tables 2 and 6, provided in Appendix B,
presents the results highlighting those exceeding their respective criteria. This 
assessment has been used to arrive at the interpretation of compliance with the Water 
Quality Objective specified in the SEPP Water of Victoria (SEPP, 2003) for each 
beneficial use protected under the policy. This assessment is presented in Section 8.5.

8.3.1 Nutrients

Nutrients were tested for the on-site water bodies and Beremboke Creek immediately 
downstream from the site. 

The levels of nitrate reported for Lake Fiskville are above the water quality objectives 
shown in Table 8-2 (for protection of river health) for the deeper portion of Lake 
Fiskville only. However, the nitrate concentrations for Lake Fiskville do not exceed the 
protection of ecosystem adopted for the site (ANZECC, 2000). Nutrient enrichment can 
result in excessive growth of microorganisms (e.g. algal bloom) that impacts on the 
Aesthetics of the surface water body, protected under the SEPP Waters of Victoria 
(SEPP, 2003). Cardno Lane Piper recommends that the efficiency of the STP on site 
be assessed and identify whether it poses a potential risk to Lake Fiskville with regards 
to Aesthetic enjoyment.

The reactive phosphorus is above the water quality objectives for total phosphorus for 
Lake Fiskville for most of the samples analysed, including the upstream sample located 
on Beremboke Creek (i.e. sample location CKA). The phosphorus and nitrate 
concentration in the southern portion of the Lake may result in a surface water body 
which is conducive to algal bloom. This may be exacerbated in the summer period with 
lower dissolved oxygen and the system can become a reducing environment. Nitrogen 
and phosphorus are resultant from diffuse contaminant sources (e.g. agricultural) or 
point source pollution (e.g. Sewage treatment plant). Also, the ephemeral nature of the 
Beremboke Creek and Lake Fiskville overflow occurring for certain period of the year, it 
can result in an increased concentration of these nutrients during the dry period. As 
noted in Section 5.4.2, it is unlikely that the firefighting training activities are a potential 
source for nitrate. A potential source of nutrients at the site can be the STP.

The turbidity of the surface water in Dam 4 is slightly above the water quality objective 
for turbidity (noting that the on-site dams are not surface water bodies covered by the 
SEPP Waters of Victoria). However, the pH, dissolved oxygen and electrical 
conductivity for Dam 4 are within the recommended water quality objectives for these 
physicochemical parameters. Although the surface water quality for Lake Fiskville have 
a higher turbidity than the recommended water quality objectives and the overall pH of 
the water in Lake Fiskville is noted to be on the lower end of the recommended water 
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quality objectives. The comparison provided here is to assess the condition of the 
surface waters in Dam 4 and Lake Fiskville during the first field sampling event, which 
was primarily for establishing the presence of the COIs.

Concentrations of ammonia were above the adopted criteria for primary contact and 
recreation in Dam 2 and the Drainage Channel. There was one exceedance noted in 
Lake Fiskville in the sample collected from the deepest point of sample location ‘D’.

Nutrients were only tested at sample location CKA upstream of Lake Fiskville where 
the concentration of phosphorus was reported at 0.16 mg/L (the surface water quality 
guideline is 0.025 mg/L – SEPP, 2003).

Organic nitrogen reported as TKN is present is surface waters upstream and the 
highest TKN is located at 1.2 km downstream indicating an additional source of organic 
nitrogen proximal to the creek.

8.3.2 Metals

Concentrations of copper and zinc in Lake Fiskville are above background levels and 
exceed the criteria for maintenance of aquatic ecosystems. However, the background 
concentrations reported for copper and zinc are also above these criteria. The SEPP
Waters of Victoria (SEPP, 2003) notes in Clause 11 that “Surface waters and their 
aquatic ecosystems need to be free of any substance at a level, or human impact, that 
would pose a risk to beneficial uses”. The SEPP Waters of Victoria (2003) 
acknowledges that “although environmental quality objectives need to be attained as 
soon as practicable, the variation of environmental quality of surface waters on a State-
wide scale will mean that: (2) the environmental quality objectives for some surface 
waters may not be attained due to natural variation. In these cases, the background 
level becomes the environmental quality objective” (SEPP, 2003).  

Concentrations of lead also exceeded the adopted criteria for maintenance of 
ecosystems at Lake Fiskville for sample location ‘D’ at 4.0 m and ‘E’ at 3.0 m below 
surface. There was also an exceedance at sample location ‘M’ which is the upstream 
sample point along the Beremboke Creek. The lead exceedance at Lake Fiskville is in 
the deeper portion of the site and it is associated with the historical use of the site, 
although Dam 1 recorded only one exceedance for lead. Considering that leaded fuel 
was used at the site, the concentrations of lead reported are overall below the adopted 
criteria.

Concentrations of nickel exceeded criteria at four sample locations, two upstream from 
the site (i.e. locations ‘M’ and ‘N’), one sample in the deeper portion of Lake Fiskville 
(i.e. location ‘D’) and the first sample location on the Eclipse Creek (i.e. location ‘F’). 

As noted in Section 7, the deeper portion of Lake Fiskville appears to act as a ‘sink’ for 
some chemical species in sediments, as shown in Figure D16, Appendix D.  The 
elevated concentration of metals in sediments can act as a secondary source for 
dissolved metals in the water column. However, the concentration of these metals in 
surface water in Lake Fiskville does not appear to have any adverse impact on the 
health of the ecosystem and from the naturally elevated concentrations which was also 
observed from the upstream samples would indicated an ecosystem adapted to the 
background levels. In addition, the Aquatic Ecology Assessment (Cardno, 2014) noted 
that the primary impact form firefighting training from the Site on Lake Fiskville was 
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primarily due to PFOS and the overall condition of Lake Fiskville “within the context of 
land use within the region is assessed as moderate” (Cardno, 2014).

For the remainder of the metals analysed, the concentrations in the lake and creeks do 
not exceed the respective water quality criteria for any beneficial use other than the 
protection of aquatic ecosystem.

8.3.3 Petroleum Hydrocarbons 

Petroleum hydrocarbons concentrations above drinking water criteria (WHO, 2005)
were detected in two samples in Lake Fiskville. Even though there is a noticeable
reduction in hydrocarbon levels from Dams 1 to 4, it is not sufficient to remove it 
completely. Lake Fiskville is not relied upon as a source of raw drinking water.

The petroleum hydrocarbon concentrations in the lake and creeks do not exceed the 
respective water quality criteria for any beneficial use other than the drinking water.

8.3.4 PFCs

Elevated concentrations of PFCs (i.e. 6:2 FtS, PFOA and PFOS) discharged from the 
dams into Lake Fiskville. Evidence of PFC downstream from the site was reported up 
to approximately 17 km downstream. The levels of PFOS detected are summarized in 
Table 8-5 and exceed several criteria, namely:

Human Health – Drinking Water (US-EPA, 2009);
Ecological MPCEco;
Stock Watering; and 
Human Health – Consumption of Fish.

Due to access constraints, no samples were collected between sample location ‘I’ 
(Eclipse Creek, 17 km from the Site) and sample location ‘J’ (Moorabool River). 
Therefore, it was not possible to identify an approximate distance from the Site where 
the concentration of PFOS in surface water was less than the adopted criteria for
beneficial uses such as aquatic ecosystem protection, Human Health and Stock 
Watering. It should be noted that PFOS does not exceed any of the criteria for any of 
the beneficial uses at the Moorabool River18.

Table 8-5: Summary of Surface Water Results Exceeding PFOS Criteria

Average PFOS Concentration 
(μg/L) Data Set Comments

Fiskville 
Surface 
Water 
(On-site)

Dam 1 214

Field 
event 1 

Average, n=3, max.=240 (μg/L)

Dam 2 229 Average, n=6, max.=275 (μg/L)

Drainage Channel 218 Average, n=2, max.=234 (μg/L)

Dam 3 178 Average, n=3, max.=180 (μg/L)

Dam 4 162 1 to 5 Average, n=3, max.=178 (μg/L)

Lake Fiskville 13 1 to 5 Average, n=12, max.=18 (μg/L)

18 The laboratory LOR for water samples does not allow for the detection limit for the criteria for Human 
Health Consumption (fish) shown in Table 8-5. This is addressed in the Human Health Risk Assessment 
report for the downstream users (Cardno Lane Piper, 2014f).
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Average PFOS Concentration 
(μg/L) Data Set Comments

Surface 
Water 
(Off-site)

Beremboke Creek 11.2 1 to 5 Average, n=4, max.=13.1 (μg/L)

Eclipse Creek 1.86 2 to 5
Field 

event 2)
Average, n=2, max.=3.14 (μg/L)

Moorabool River < LOR 6 Average, n=3, All < LOR (μg/L)

Moorabool River
East Branch < LOR Field 

Event 3 Average, n=4, All < LOR (μg/L)

Notes:
1. Exceeds Ecological 95% protection 5.1 μg/L (Giesy, 2010).
2. Exceeds Human Health - Drinking Water 0.2 μg/L (US-EPA, 2009).
3. Exceeds Ecological Maximum Permissible Concentration (MPC) - Fresh water 0.023 μg/L (RIVM, 2010).
4. Exceeds Stock watering MPCsp - Secondary Poisoning, Fresh water 0.0026 μg/L (RIVM, 2010).
5. Exceeds Human Health Consumption (fish) 0.00065 μg/L (RIVM, 2010).
6. Laboratory LOR for PFOS is 0.02 μg/L.

8.3.5 Micro-biological Indicators

As noted in Section 5.4.4, the presence of E. coli is typically identified in surface water 
bodies throughout Victoria. Enteric pathogens may result in human health effects
following incidental ingestion (e.g. swimming). The source of E. coli is not due to 
firefighting training activities and it is most likely due to water fowl which frequent 
surface water bodies. Surface water runoff from the catchment area used for cattle 
grazing. The levels of E. coli reported for these samples, indicates that Lake Fiskville is 
unsuitable for swimming.

8.4 Sediment Results Exceeding Criteria

Table 8-6 provides a summary of exceedances of the adopted criteria for sediments for 
Lake Fiskville and Beremboke Creek. As discussed in Section 7, sediments can be an 
ongoing source of contaminants to the water column.

Table 8-6: Summary of Analytes exceeding Adopted Sediment Criteria

Analytes Criteria Sample Location

PFOS 95% species 
protection (EA, 2004) CKSB, CKSC, LFSA, LFSB, LFSD, LFSE

Arsenic

ANZECC 2000
ISQG-Low

CKS/I

Chromium (III+VI) CKSA, CKSB, LFSA

Lead CKS/Q1

Nickel CKS/F, CKS/O, CKS/Q, LFSA, LFSB, LFSD,
LFSE

Zinc CKS/Q1

Note:
1. Sample location ‘Q’ reported lead concentration of 965 mg/kg. This location is approximately 10 km to the north of 

the site and adjacent to a freeway.

8.5 Summary of Beneficial Uses Assessment

The summary assessment of the degree of protection of the beneficial uses of surface 
water in the study area together with commentary on the relevance of each beneficial
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use in the main water bodies is presented in Table 8-7. This assessment does not 
include Dams 1 to 4 which are not protected under the SEPP Waters of Victoria 
(SEPP, 2003).

Table 8-7: Summary of Risk to Protected Beneficial Uses

Protected Beneficial 
Use Risk Potential

Maintenance of 
ecosystems – slightly to 
moderately modified

This beneficial use considers the protection of the integrity and 
biodiversity of an ecosystem. It is considered that due to the levels 
reported for Lake Fiskville, downstream Beremboke and the Eclipse 
Creeks that the concentrations of PFC, and primarily for PFOS, 
potentially exceed the criteria for PFOS. PFC impact is not significant 
in Moorabool River.
A large section of former swamp on the Beremboke Creek has been
drained for agriculture and therefore it is considered a ‘modified 
stream’ instead of a natural creek, shown in Figure 2, Appendix A, as 
Marsh/Swamp Drained Area. However, the SEPP Waters of Victoria 
notes that modified rivers or streams “have significant natural 
features that need protection and/or rehabilitation” (EPA, 2003).
Copper, lead, nickel and zinc exceeded the criteria up-stream in 
Beremboke Creek, indicating an elevated background for these 
metals. Water in Lake Fiskville and Beremboke Creek downstream 
as well as Moorabool River upstream of the confluence with the 
Eclipse Creek also exceeded the criteria.
Although the nutrient levels noted in Section 8.3.1 does not exceed 
the adopted criteria for this Beneficial Use, it is acknowledged that 
the potential source of nutrients from the STP can results in 
eutrophication of Lake Fiskville resulting in an algal bloom which can 
result in a loss of ecosystem quality.

Primary and secondary 
contact recreation 
(PCR) & (SCR)

Primary contact and recreation is possible in Lake Fiskville and the 
Moorabool River.
During the field sampling event along the Moorabool River, all 
sample location points had evidence of public access to the 
Moorabool River. The Beremboke and Eclipse Creeks which are 
ephemeral do not have any reaches wide or deep enough to allow
for swimming (PCR) or a SCR such as boating, although activities
such as fishing or wading could potentially occur.
The criteria for PCR are exceeded in Lake Fiskville for PFOS, E. coli
and ammonia. The lake is not suitable for swimming.

Aesthetic enjoyment

This use is assessed against subjective criteria such as having any 
aspect which could be considered unpleasant to the human senses 
(e.g. odour). The waters of Lake Fiskville, Beremboke and Eclipse 
Creeks do not appear to impact this beneficial use. Although the 
nutrient levels noted in Section 8.3.1 does not exceed the adopted 
criteria for this Beneficial Use, it is acknowledged that the potential 
source of nutrients from the STP can results in eutrophication of 
Lake Fiskville resulting in an algal bloom.

Potable water supply 
after appropriate 
treatment

The Moorabool River is a source of potable water supply at Sheoaks
water intake for the Barwon Water treatment plant. The COI
associated with the Fiskville site are not present in concentrations
above the WQC at this location (e.g. PFCs are below laboratory LOR
which is below the WQC).
It is assumed that the Beremboke and Eclipse Creeks are not viable
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Protected Beneficial 
Use Risk Potential

as a source of potable water due to their ephemeral nature.
This use is precluded by contamination in Lake Fiskville.

Agriculture and 
irrigation

This beneficial use requires that the water is suitable for agricultural 
activities such as stock watering and irrigation. The criterion adopted 
for the concentration of PFOS exceeds the adopted WQC (i.e. 
0.0026 μg/L, RIVM (2010) for stock watering).

Fish, crustacean and 
molluscs for human 
consumption

The PFC levels in Lake Fiskville exceed the criteria for waters 
suitable for fishing (RIVM, 2010). Therefore this beneficial use is 
precluded in Lake Fiskville. This beneficial use is not permitted 
through management controls at Lake Fiskville and is considered 
unlikely to be realised within the reaches of the Beremboke and 
Eclipse Creeks downstream from the Site due to the ephemeral 
nature of these surface water bodies. 
The consumption of fish from the Moorabool River is likely to occur 
and is addressed in the Human Health Risk Assessment report for
the downstream users (Cardno Lane Piper, 2014f). The report 
concluded that there was no risk to Human Health for consumption of 
fish taken from Lake Fiskville or the Moorabool River. 

Water for aquaculture
This beneficial use is considered not relevant as these water bodies 
are not used as a source of water for aquaculture. No aquaculture 
enterprises were observed on the Moorabool River.
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9 CONCLUSIONS

9.1 Sources of Contaminants

9.1.1 Sources of PFOS and PFOA

The sources of PFOS and PFOA discharging into Lake Fiskville are high
concentrations of PFOS, PFOA and 6:2 FtS found in surface water in Dams 1 to 4, 
including the Drainage Channel connecting the dams. For example, the levels of PFOS 
range from 240 μg/L in Dam 1 to 178 μg/L in Dam 4.

The assessment confirms the supposition in the IFI Report that discharge of PFOS and 
PFOA could be occurring to off-site receptors. Therefore, Lake Fiskville is also a 
source of PFC contamination discharge to the downstream Creeks from this source.

Acting as a secondary source of PFC are the sediments contained within the dams and 
Lake Fiskville. Although the sediment movement between the surface water bodies is 
considered not to be a contaminant transport pathway, the desorption of PFC from the 
sediment will act as an ongoing source of PFC in the surface water bodies.

PFCs other than PFOS, PFOA and 6:2 FtS (e.g. perfluoro butane-based or hexane-
based) should be considered for inclusion in future surface water and sediment 
assessments, as noted in Sections 5.1 and 7.1. These short chain PFCs can be 
present either in AFFF formulations as residual chemicals or from breakdown of longer 
chain PFCs. Short chain PFC chemicals have been reported in the literature to be 
persistence in the environment (MPCA, 2008) although do not bio-accumulate much as 
the long chain PFCs (Lassen, et al, 2012). Short chain PFCs are more mobile in the 
environment (MDH, 2012).

9.1.2 Sources of Copper and Zinc & Background

The assessment has addressed the IFI Report recommendation to “assess whether the 
reported copper and zinc concentrations are consistent with background levels” (Joy, 
2012) and has concluded that:

The surface water bodies on site have elevated concentrations of copper and zinc. 
However, the concentration of copper downstream of Lake Fiskville (not including 
sample locations ‘B’, ‘C’, ‘D’ and ‘E’ along Beremboke Creek) is comparable to the 
background levels in Eclipse Creek and Moorabool River. The concentrations of Zinc 
for the downstream samples along the Beremboke Creek are higher than the 
background concentrations in one sample location. There is evidence that the site is
contributing to dissolved zinc concentrations along the Beremboke Creek.

Sediments in Dams 1 and 2 have higher levels of copper and zinc than background 
levels and Lake Fiskville has higher levels of copper and zinc in sediments on the 
deeper portion of the lake. However considering that Dams 2 and 3 did not show 
elevated concentrations of copper and zinc in sediments the concentrations in Lake 
Fiskville are more likely due to the previous surface water management at the site 
when Dam 1 and later Dam 2 discharged directly into Lake Fiskville.
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The concentrations of copper and zinc in sediment downstream from Lake Fiskville are
comparable to the levels reported for the upstream sample locations (i.e. sample 
location A). This assessment shows that copper and zinc contaminated sediment does 
not extend beyond Lake Fiskville.

9.2 Distribution of Surface Water and Sediment Contamination

9.2.1 Surface water contamination
PFC - 6:2 FtS, PFOA and PFOS. The concentrations of PFC are higher in Dams 1 
to 4 than in Lake Fiskville; however, the results are above the adopted criteria 
discussed in Section 8.2.3 for Lake Fiskville. Therefore it results in a subsequent 
discharge from Lake Fiskville with elevated concentrations of PFC along the portion 
of the Beremboke Creek immediately downstream of the Site. Exceedances of PFC 
for the protected surface water bodies are summarized as follows:

Exceedance of Drinking Water, Stockwater, Primary Contact Recreation and 
Protection of Ecosystem was reported for all samples locations from Lake 
Fiskville (i.e. ‘LFWA’, ‘LFWB’, ‘LFWC’, ‘LFWD’ and ‘LFWE’) and some locations 
on the Beremboke Creek (i.e. ‘CKWB’, ‘CKWC’, ‘CKWD’, CKWE’;
Drinking Water, Stockwater, Primary Contact Recreation exceeded on the 
Beremboke creek at location CKWF; and
Stockwater was exceeded on Beremboke Creek at location CKWI.

Petroleum Hydrocarbons – TPH hydrocarbon fraction C10-C40 was reported for 
two water samples locations collected from Lake Fiskville at 1.0 and 4.0 m BSL. It 
is concluded that the source of TPH in the water column at Lake Fiskville is carried 
in the water rather than sediments as the sediments had TPH below reporting 
limits. No petroleum hydrocarbons were reported for the surface water samples off-
site.
Copper and Zinc – the levels of copper and zinc in waters from Dams 1 and 2, and 
Lake Fiskville are higher than for the Drainage Channel, Dams 3 and 4 which have 
results comparable levels to the upstream samples collected. The current 
concentrations for copper and zinc in Dam 2 are much higher than concentrations 
reported for this surface water body by Coffey (1996). The concentrations of copper 
and zinc in Lake Fiskville are due to the historical discharge into this surface water 
body prior to Dams 3 and 4.
Further surface water sampling is required to confirm the extent of PFC 
contamination in the creek and farm dams on the Beremboke Creek downstream of 
the Site to at least sample location CKE.

9.2.2 Pore Water
The results obtained from the pore water analysis from Lake Fiskville indicates that 
the concentrations of PFC exceed the adopted criteria for Drinking water (PFOS, 
PFOA and 6:2 FtS), Stockwater (PFOS) and Primary contact recreation (PFOS and 
6:2 FtS). However, the sediment pore water is not directly accessible for use in the 
same manner as the overlying water column and therefore these results should be 
used with caution.

9.2.3 Sediment contamination
PFC - elevated concentrations of 6:2 FtS, PFOA and PFOS are reported in
sediment from Dam 1 with a reduction in concentrations across Dams 2 to 4. PFOS 
is strongly bound to sediments; although desorption will occur and the sediments 
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are considered to be an on-going source of PFOS contributing to the chemical 
loading to surface water. It is important to note that the system must have reached 
equilibrium and the long term discharge, or leaching, from sediments into the 
surface water can continue for a prolonged period of time. 6:2 FtS is readily 
desorbed from sediments and was detected in pore water at much higher 
concentrations than in the surface water. PFC in sediment exceeded Ecological 
Criteria, as follows:

Lake Fiskville (i.e. ‘LFSA’, ‘LFSB;, LFSD’, ‘LFSE’); and
Beremboke Creek (i.e. ‘CKSB’ and ‘CKSC’).

Petroleum Hydrocarbons - were detected primarily in sediments from Dams 1 and 
2, and in two sample locations from Dam 4. The concentration of hydrocarbons 
reported reduces toward Lake Fiskville. Hydrocarbons were not reported for any
sediment samples downstream of Lake Fiskville.
Copper and zinc - elevated concentrations of copper and zinc were reported for 
Dams 1, 2 and Lake Fiskville. The off-site concentrations for copper and zinc in 
sediments are comparable to background levels indicting a lack of impact from the 
site.
The presence of PFC in sediments downstream of the Site is due to surface water 
concentration discharged from site over time adsorbing on to sediments. Further 
sediment sampling is required to confirm the extent of PFC contamination in the 
creek and farm dams on the creek immediately downstream of the Site to at least 
sample location CKE.
Nutrients: High concentration of nitrogen was also detected in sediments; 
however, there was no clear indication of the potential source (i.e. TKN). The 
deeper portion of Lake Fiskville recorded the highest concentration for TKN. It is 
most likely that the TKN concentrations are associated with historical water 
management (when Dam 1 and later Dam 2 directly discharged into the lake) of the 
site prior to Dams 3 and 4 being constructed, since the concentrations in Dams 3 
and 4 are lower.
An assessment against the ANZECC ISQG criteria indicated that; there are no 
criteria for PFCs; 

Metals: Sediments from Lake Fiskville exceeded the low trigger value for zinc 
at sample locations A, B, D and E (ANZECC, 2000); however, there were no 
exceedance for zinc for the samples collected on the Beremboke Creek. 
Hydrocarbons: Samples from Dams 1 and 2 exceeded the criteria for TPH 
and PAH. There were no exceedances of the adopted criteria for BTEX, TPH, 
PAH in Lake Fiskville.

An assessment against EA UK criteria found 
PFCs: PFOS exceeds the 95% species protection criterion of 67 μg/kg for 
PFOS (EA, 2004) in most of the on-site sediment samples, with the exception of 
sample locations C in Lake Fiskville. Samples from location B and C on the 
Beremboke Creek also exceed this criterion. No sediment criteria have been 
found for PFOA and 6:2 FtS

9.3 Summary – Protection of Beneficial Uses of Water

Table 9-1 provides a summary of the beneficial uses of surface water in each of the 
water bodies tested (that are protected by SEPP Waters of Victoria) and for which the 
water quality criteria are exceeded, potentially preventing or precluding each beneficial 
use.
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Table 9-1: Summary of Beneficial Uses with WQC Exceedance

Beneficial Use Lake 
Fiskville 

Beremboke 
Creek

Eclipse 
Creek

Moorabool 
River

Further 
Assessment
Required to 
Restore BU

Maintenance of 
ecosystems –
slightly to 
moderately 
modified

Yes Yes Yes No Yes

Primary contact 
recreation Yes Not relevant Not 

relevant No Yes

Secondary 
contact recreation Yes Yes (not 

relevant)
Yes (not 
relevant) No Yes

Agriculture and 
irrigation, 
including Stock 
watering

Yes (not 
relevant) Yes Yes No Yes

Potable water 
supply after 
appropriate 
treatment

Not 
relevant Not relevant Not 

relevant Not relevant Not relevant

Fish, crustacean 
and molluscs for 
human 
consumption

Yes Not realised Not 
realised No Not relevant

Water for 
aquaculture

Not 
relevant Not relevant Not 

relevant Not relevant Not relevant

The only issue with regards to SEPP Waters of Victoria are the detectable 
concentration of PFC (i.e. 6:2 FtS, PFOA and PFOS) that are discharging from the site
and into Lake Fiskville. Evidence of PFC downstream from the site was reported up to 
approximately 17 km downstream from the site in Eclipse Creek. The levels of PFOS 
detected are above the adopted criteria for surface water (i.e. Human health drinking 
water 0.2 μg/L, ecological 0.023 μg/L, stock watering 0.0026 μg/L and human health for 
consumption of fish 0.00065 μg/L) as shown in Table 8-4.

9.4 Remediation of Water and Sediments

The need for any remediation for water and sediments in the water bodies on site will 
be determined on the basis of site specific assessment of risk which is currently 
underway. The water contained in the Dams and in Lake Fiskville is contaminated in 
excess of the water quality criteria for ecological protection and any further discharged 
from the site should be minimised to the extent practicable.

The sediments in the surface water bodies are considered to be contaminated with 
regards to the adopted criteria for protection of ecosystem, in particular for Lake 
Fiskville. Also, the pore water in the sediments exceeds the adopted surface water 
quality criteria for PFC. Therefore any sediment extracted will need to be managed and 
remediated to avoid any ecological impacts such as excess surface water run-off.
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Any decision to implement remediation works must be based on an assessment of the 
feasibility on options for the remediation of water and of sediments including pore 
water.

Studies are currently underway on the risks to human health and the ecology from the 
contamination in the water bodies and a remediation feasibility assessment is also in 
progress.
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10 RECOMMENDATIONS
It is recommended that:
1. All reasonable measures should be undertaken to reduce or stop further discharge 

of contaminated water from the water management system at the site, including 
Lake Fiskville, from discharging to surface waters downstream;

2. Surface soil sampling and testing should be conducted along the ‘former’ drainage 
lines which connected Dam 1 to Lake Fiskville noted in Section 3.1;

3. Further sediment sampling and testing be undertaken to confirm the extent of PFC 
contamination in the Creek, as well as sediment sampling and testing of farm dams 
located on the Creek downstream of the Site, to at least sample location CKE on 
Beremboke Creek. (This work was recently commissioned by CFA);

4. The data in this report on water and sediment quality be taken into account in the 
assessment of ecological or human health risk undertaken for the site or 
downstream;

5. Assess the potential for nutrients from the STP (the existing or upgraded unit) to 
impact on the water quality of Lake Fiskville;

6. Assess the PFC contribution from leaching of residual AFFF adsorbed onto 
infrastructure in the PAD area;

7. Further surface water and/or sediment assessments should include a selective 
screening for extended PFC compounds also present at the Site; and

8. Remediation works should be carried out based on the assessments of risk and the 
feasibility of remediation, work which is currently underway. Following the 
conclusion of the feasibility assessment, the most suitable option for remediation 
and management of surface water and sediments in the on-site water bodies 
should be implemented.
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Figure 3a: Sample Location Plan – First Field Event
Figure 3b: Sample Location Plan – Second Field Event
Figure 3c: Sample Location Plan – Third Field Event
Figure 4a: Dam 1 Sediment Analytical Results
Figure 4b: Dam 1 Surface Water Analytical Results
Figure 5a: Dam 2 Sediment Analytical Results
Figure 5b: Dam 2 Surface Water Analytical Results
Figure 5c: Dam 2 Surface Water Analytical Results
Figure 6a: Dam 3 Sediment Analytical Results
Figure 6b: Dam 3 Surface Water Analytical Results
Figure 7a: Dam 4 Sediment Analytical Results
Figure 7b: Dam 4 Surface Water Analytical Results
Figure 8a: Lake Fiskville Sediment Analytical Results
Figure 8b: Lake Fiskville Surface Water Analytical Results
Figure 9a: Drainage Channel Sediment Analytical Results
Figure 9b: Drainage Channel Surface Water Analytical Results
Figure 10a: Creek Sediment Analytical Results
Figure 10b: Off-site Sediment Analytical Results
Figure 10c: Creek Surface Water Analytical Results
Figure 10d: Surface Water Analytical Results
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End of CKS/A1 at 0.30m

Silty CLAY (OH) medium plasticity, brown to
grey, firm to stiff, wet, gravel and quartz
stones encountered

0.00.0

CKS/A1

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

25-Oct-12Date Drilled:
5826379m N

0254431m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/A1 of1 1

Remarks

Surface Water Observations:
No surface water flow
Depth of water 0.7m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKSA at 0.5m

Sandy CLAY (CL) low plasticity, grey brown,
soft, wet, organic material

Gravelly CLAY (CH) high plasticity, brown,
stiff to hard, moist, gravel consisted of fine to
coarse grained basalt

0.0

V=0
O=0

V=0
O=0

0.0

0.4

CSKA0.1/
10082012

CSKA0.5/
10082012

Description of Strata
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MBB / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5826379m N

0254431m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:CKSA of1 1

Remarks

Surface Water Observations:
Surface water depth 0.4m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKSB at 0.5m

Gravelly CLAY (CH) high plasticity, brown,
stiff, moist

0.00.0

CSKB0.1/
10082012

CSKB0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825337m N

0254194m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:CKSB of1 1

Remarks

Surface Water Observations:
Surface water depth 0.5m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKSC at 0.5m

Gravelly CLAY (CH) high plasticity, grey
brown, stiff, moist

0.00.0

CSKC0.1/
10082012

CSKC0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825268m N

0253994m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:CKSC of1 1

Remarks

Surface Water Observations:
Surface water depth 0.2m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKSD at 0.5m

Gravelly CLAY (CH) high plasticity, grey
brown, stiff, moist

0.00.0

CSKD0.1/
10082012

CSKD0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:Position:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:CKSD of1 1

Remarks

Surface Water Observations:
Surface water depth 0.25m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKSE at 0.5m

Gravelly CLAY (CH) high plasticity, brown
minor grey, soft, wet, organic material

Gravelly CLAY (CH) high plasticity, grey
brown, stiff, moist, gravel consisted of fine to
coarse grained basalt

0.0

V=0
O=0

V=0
O=0

0.0

0.4

CSKE0.1/
10082012

CSKE0.5/
10082012

Description of Strata
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MBB / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5824026m N

0253856m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:CKSE of1 1

Remarks

Surface Water Observations:
Surface water depth 0.5m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/F at 0.10m

Silty CLAY (OH) medium plasticity, grey to
green, stiff, wet

0.00.0

CKS/F

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

25-Oct-12Date Drilled:
5818838m N

251451m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/F of1 1

Remarks

Surface Water Observations:
No surface water flow
Shallow water <0.2m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/G at 0.20m

Silty CLAY (OH) medium to high plasticity,
grey to brown to orange mottling, firm, moist

0.00.0

CKS/G

Slight decay odour

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

24-Oct-12Date Drilled:
5818112m N

0249426m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/G of1 1

Remarks

Surface Water Observations:
No surface water present

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/I at 0.30m

SAND (SP) course grained, brown to grey,
loose, minor silt and gravels encountered

0.00.0

CKS/I

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

24-Oct-12Date Drilled:
5811788m N

248756m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/I of1 1

Remarks

Surface Water Observations:
Slow water flow
Depth of water 1.0m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/J at 0.20m

SAND (SP) course grained, brown, loose,
minor silt, minor low plasticity silts and clays

0.00.0

CKS/J

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

24-Oct-12Date Drilled:
5808976m N

246361m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/J of1 1

Remarks

Surface Water Observations:

Depth of water 0.5m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/K at 0.20m

SAND (SP) course grained, loose, minot silt
and quartz fragments encountered

0.00.0

CKS/K

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

24-Oct-12Date Drilled:
5806266m N

247854m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/K of1 1

Remarks

Surface Water Observations:
Flowing water
Depth of water 0.3m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/L at 0.20m

Silty SAND (SW) medium grained, grey,
moderate plasticity, shale fragments
encountered

0.00.0

CKS/L

Organic matter,
roots

Description of Strata
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SD/MBBLogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

24-Oct-12Date Drilled:
5801621m N

247396m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

Vertical

Sediment Record:CKS/L of1 1

Remarks

Surface Water Observations:
Flowing water
Depth of water 0.5m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/M at 0.25m

Silty CLAY (CL) low plasticity, brown to
green, soft, wet, loose gravels and medium
grained sands encountered

0.00.0

CKS/M

Organic matter

Description of Strata
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SD/MBBLogged/Checked:

TrowelDrilling Method:

N/ADrill Rig:

25-Oct-12Date Drilled:
5830376m N

254976m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

-

Sediment Record:CKS/M of1 1

Remarks

Surface Water Observations:
No flowing water
Depth of water <0.1m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/N at 0.20m

CLAY (CL) medium plasticity, brown to
green, fine grained sands and silts
encountered

0.00.0

CKS/N

Slight odour

Description of Strata

G
ra

ph
ic

Lo
g

D
ep

th
(m

 b
gl

)

D
ep

th
(m

 b
gl

)

PI
D

 (p
pm

) /
C

on
ta

m
R

an
ki

ng

Sa
m

pl
es

SD/MBBLogged/Checked:

TrowelDrilling Method:

N/ADrill Rig:

25-Oct-12Date Drilled:
5827822m N

253212m EPosition:

-Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

-

-

Sediment Record:CKS/N of1 1

Remarks

Surface Water Observations:
No flowing water
Depth of water <0.1m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/O at 0.73m

Cobbles and leaf litter
Silty CLAY (CH) medium plasticity, brown
grey, wet, occasional cobbles

0.5
0.53 CKS/O

1.0

0.5

0.0

Description of Strata
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SDLogged/Checked:

Drilling Method:

Petite PonarDrill Rig:

27 March 2013Date Drilled:
5831605m N

'0249673m EPosition:

Surface Level:

212163.9Job No.:

Blair Creek, SouthLocation:

Surface WaterProject:

of Bostock Reservoir Top of Casing:

Inclination:

Sediment Record:CKS/O of1 1

Remarks

Surface Water Observations:
Slow water flow. Depth of water 0.5m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/P at 0.91m

Rootmatter
Silty CLAY (CL) low plasticity, dark brown
black, soft, wet, occasional cobbles

0.7
0.71

CKS/P

QC1

QC2

1.0

0.5

0.0

Description of Strata
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SDLogged/Checked:

Drilling Method:

PonarDrill Rig:

27 March 2013Date Drilled:
5814159m N

'0245040m EPosition:

Surface Level:

212163.9Job No.:

Blair Creek, SouthLocation:

Surface WaterProject:

of Bostock Reservoir Top of Casing:

Inclination:

Sediment Record:CKS/P of1 1

Remarks

Surface Water Observations:
Slow water flow. Depth of water 0.7m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of CKS/Q at 0.21m

Rootmatter
Silty CLAY (CL) low plasticity, dark grey light
brown, soft, wet, cobbles

0.1
0.11

CKS/S

1.0

0.5

0.0

Description of Strata
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SDLogged/Checked:

Drilling Method:

Hand AugerDrill Rig:

28 March 2013Date Drilled:
5835645m N

'0250929m EPosition:

Surface Level:

212163.9Job No.:

Blair Creek, SouthLocation:

Surface WaterProject:

of Bostock Reservoir Top of Casing:

Inclination:

Sediment Record:CKS/Q of1 1

Remarks

Surface Water Observations:
No water flow. Depth of water 0.1m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:
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End of CKS/R at 0.33m

Rootmatter
Silty CLAY (CL) low plasticity, grey dark
brown, soft, wet

0.2
0.23 CKS/R

1.0

0.5

0.0

Description of Strata
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SDLogged/Checked:

Drilling Method:

Hand AugerDrill Rig:

28 March 2013Date Drilled:
5818572m N

'0247268m EPosition:

Surface Level:

212163.9Job No.:

Blair Creek, SouthLocation:

Surface WaterProject:

of Bostock Reservoir Top of Casing:

Inclination:

Sediment Record:CKS/R of1 1

Remarks

Surface Water Observations:
No water flow. Depth of water 0.2m

Key:
For explanation of abbreviations
and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D1SA. Refusal at 0.1m on weathered
Basalt

FILL: CLAY (CH) high plasticity, black grey,
very soft, wet, hydrocarbon odour, organic
material

0.0

V=1
O=3

0.0

D1SA0.1/
9082012

Description of Strata
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MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

9-Aug-12Date Drilled:
5825670m N

0254845m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D1SA of1 1

Remarks

Surface Water Observations:
Surface water depth 0.85m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D1SB. Refusal at 0.15m on residual
Basalt

FILL: CLAY (CH) high plasticity, black grey,
very soft, wet, hydrocarbon odour, organic
material

0.0 V=1
O=3

0.0 D1SB0.1/
9082012
QC31_

9082012

9082012

Description of Strata
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MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

9-Aug-12Date Drilled:
5825668m N

0254819m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D1SB of1 1

Remarks

Surface Water Observations:
Surface water depth 0.90m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D1SC. Refusal at 0.15m on residual
Basalt

FILL: CLAY (CH) high plasticity, black grey,
very soft, wet, hydrocarbon odour, organic
material

0.0

V=1
O=3

0.0

D1SC0.1/
9082012

Description of Strata
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MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

9-Aug-12Date Drilled:
5825644m N

0254811m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D1SC of1 1

Remarks

Surface Water Observations:
Surface water depth 1.13m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



FILL: CLAY (CH) high plasticity, black grey,
very soft, wet, hydrocarbon odour, organic
material

CLAY (CH) high plasticity, grey minor brown,
firm, wet, hydrocarbon odour

0.0

V=1
O=2

V=0
O=1

End of D2SA. Refusal at 0.2m on residual
Basalt

0.0

0.15

D2SA0.1/
9082012

D2SA0.15/
9082012

Description of Strata
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MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

9-Aug-12Date Drilled:
5825530m N

0254781m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SA of1 1

Remarks

Surface Water Observations:
Surface water depth 0.80m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:
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End of D2SB. Refusal at 0.25m

FILL: CLAY (CH) high plasticity, grey black,
very soft, wet

CLAY (CH) high plasticity, grey brown, firm,
wet

0.00.0

0.15

D2SB0.1/
8082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

8-Aug-12Date Drilled:
5825479m N

0254758m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SB of1 1

Remarks

Surface Water Observations:
Surface water depth 0.60m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D2SC. Refusal at 0.25m

FILL: CLAY (CH) high plasticity, grey black,
very soft, wet

CLAY (CH) high plasticity, grey brown, firm,
wet

0.00.0

0.1 D2SC0.1/
8082012

D2SC0.2/
8082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

8-Aug-12Date Drilled:
5825492m N

0254789m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SC of1 1

Remarks

Surface Water Observations:
Surface water depth 0.75m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:
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End of D2SD. Refusal at 0.2m on residual
Basalt

FILL: CLAY (CH) high plasticity, grey black,
very soft, wet, hydrocarbon odour, organic
material

CLAY (CH) high plasticity, grey minor brown,
firm, wet, minor gravels, hydrocarbon odour

0.0

V=1
O=2

V=0

O=1

0.0

0.1 D2SD0.1/
9082012

D2SD0.15/

9082012

Description of Strata

G
ra

ph
ic

Lo
g

D
ep

th
(m

 b
gl

)

D
ep

th
(m

 b
gl

)

PI
D

 (p
pm

) /
C

on
ta

m
R

an
ki

ng

Sa
m

pl
es

MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

9-Aug-12Date Drilled:
5825503m N

0254796m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SD of1 1

Remarks

Surface Water Observations:
Surface water depth 1.37m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D2SE. Refusal at 0.1m

FILL: CLAY (CH) high plasticity, grey black,
very soft, wet, smell of hydrocarbon

CLAY (CH) high plasticity, grey brown, firm,
wet, smell of hydrocarbon

0.00.0

0.05

D2SE0.1/
8082012
QC18_

8082012

QC19_
8082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

8-Aug-12Date Drilled:
5825480m N

0254815m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SE of1 1

Remarks

Surface Water Observations:
Surface water depth 1.12m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D2SF. Refusal at 0.2m

FILL: CLAY (CH) high plasticity, grey black,
very soft, wet

CLAY (CH) high plasticity, grey brown, firm,
wet

0.00.0

0.1 D2SF0.1/
8082012

D2SF0.2/
8082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

8-Aug-12Date Drilled:
5825523m N

0254838m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D2SF of1 1

Remarks

Surface Water Observations:
Surface water depth 0.75m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D3SA. Refusal at 0.15m

CLAY (CH) high plasticity, light brown grey,
firm, wet, organic root matter (weeds) present

0.00.0

D3SA0.15/

7082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

7-Aug-12Date Drilled:
5825421m N

0254724m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D3SA of1 1

Remarks

Surface Water Observations:
Surface water depth 1.40m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D3SB. Refusal at 0.1m

Gravelly CLAY (CH) high plasticity, grey
brown, soft, wet, organic root matter (weeds)
present

0.00.0

D3SB0.1/
7082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

7-Aug-12Date Drilled:
5825433m N

0254690m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D3SB of1 1

Remarks

Surface Water Observations:
Surface water depth 1.0m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D3SC. Refusal at 0.1m

Gravelly CLAY (CH) high plasticity, grey
black, firm, wet

0.00.0

D3SC0.1/
7082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

7-Aug-12Date Drilled:
5825446m N

0254664m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D3SC of1 1

Remarks

Surface Water Observations:
Surface water depth 0.8m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D4SA. Refusal at 0.25m

CLAY (CH) high plasticity, grey brown, soft,
wet, organic root matter (weeds) present

0.00.0

D4SA0.25/
7082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

7-Aug-12Date Drilled:
5825508m N

0254545m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D4SA of1 1

Remarks

Surface Water Observations:
Surface water depth 1.5m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D4SB. Refusal at 0.1m

CLAY (CH) high plasticity, black grey, soft,
wet, organic root matter and minor gravels
present

0.0

0.0

D4SB0.1/
6082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

6-Aug-12Date Drilled:
5825505m N

0254564m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D4SB of1 1

Remarks

Surface Water Observations:
Surface water depth 1.4m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of D4SC. Refusal at 0.1m on residual
Basalt

FILL: CLAY (CH) high plasticity, black light
grey, very soft, wet, minor basalt gravels,
organic material

0.0

V=1
O=0

0.0

D4SC0.1/
6082012

Description of Strata
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MBB / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

6-Aug-12Date Drilled:
5825509m N

0254578m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:D4SC of1 1

Remarks

Surface Water Observations:
Surface water depth 1.2m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09

Organic matter (weed) on surface



End of DCSA at 0.5m

CLAY (CH) high plasticity, grey brown, firm,
wet, organic root matter present

0.00.0

DCSA0.1/
10082012

DCSA0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825751m N

0254916m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:DCSA of1 1

Remarks

Surface Water Observations:
Approximately 20mm water in DC;
No water sample taken

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of DCSB at 0.5m

CLAY (CH) high plasticity, grey brown, firm,
wet, organic root matter present

0.00.0

DCSB0.1/

10082012

DCSB0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825646m N

0254934m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:DCSB of1 1

Remarks

Surface Water Observations:
Approximately 20mm water in DC;
No water sample taken

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of DCSC at 0.55m

CLAY (CH) high plasticity, black grey, firm,
wet, organic root matter present

CLAY (CH) high plasticity, grey brown, stiff,
moist

0.00.0

0.5

DCSC0.1/
10082012

DCSC0.5/
10082012

QC35_
10082012

QC36_
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825493m N

0254896m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:DCSC of1 1

Remarks

Surface Water Observations:
Surface water depth 0.3m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



Gravelly CLAY (CH) high plasticity, grey
brown, firm, moist, organic root matter
present

CLAY (CH) high plasticity, grey brown, stiff to
hard, moist

0.0

End of DCSD at 0.55m

0.0

0.5

DCSD0.1/
10082012

DCSD0.5/
10082012

Description of Strata
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JMM / KJILogged/Checked:

Hand AugerDrilling Method:

N/ADrill Rig:

10-Aug-12Date Drilled:
5825400m N

0254812m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination: Vertical

Sediment Record:DCSD of1 1

Remarks

Surface Water Observations:
Surface water depth 0.25m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of LFSA at 0.2m

SILT (MH) high plasticity, black, soft, wet

Silty CLAY (CH) high plasticity, brown, soft,
wet

0.00.0

0.1 LFSA0.1-
2082012

Description of Strata
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MCD / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

2-Aug-12Date Drilled:
5825260m N

0254449m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:LFSA of1 1

Remarks

Surface Water Observations:
Surface water depth 0.8m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of LFSB at 0.1m. Encountered slightly
weathered Basalt, black blue grey minor
brown, very high strength, vesicular

Silty CLAY (CH) high plasticity, brown, soft,
wet

0.00.0

LFSB0.1-
2082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

2-Aug-12Date Drilled:
5825562m N

0254408m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:LFSB of1 1

Remarks

Surface Water Observations:
Surface water depth 1.25m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of LFSC at 0.1m. Encountered slightly
weathered Basalt, black blue grey minor
brown, very hard, vesicular

Silty CLAY (CH) high plasticity, black brown,
very soft, wet

0.00.0

LFSC0.1-
2082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

2-Aug-12Date Drilled:
5825508m N

0254341m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:LFSC of1 1

Remarks

Surface Water Observations:
Surface water depth 2.4m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of LFSD at 0.1m. Encountered slightly
weathered Basalt, black blue grey minor
brown, very hard, vesicular

Silty CLAY (CH) high plasticity, brown grey,
very soft, wet, minor basalt gravels present

0.00.0

LFSD0.1-
2082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

2-Aug-12Date Drilled:
5825446m N

0254316m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:LFSD of1 1

Remarks

Surface Water Observations:
Surface water depth 4.7m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09



End of LFWE. Refusal at 0.1m. Encountered
slightly weathered Basalt, black blue grey
minor brown, hard, vesicular

Silty CLAY (CH) high plasticity, dark brown,
very soft, saturated, minor basalt gravels
present

0.00.0

LFWE0.1-
2082012

and
6082012

Description of Strata
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JMM / KJILogged/Checked:

Wildco Hand Corer SedimenDrilling Method:

N/ADrill Rig:

6-Aug-12Date Drilled:
5825395m N

0254314m EPosition:

Surface Level:

212163.9Job No.:

CFA Fire Training CollegeLocation:

Surface WaterProject:

Fiskville, Vic Top of Casing:
Inclination:

Petite Ponar Bottom Sampling Dredge
Vertical

Sediment Record:LFWE of1 1

Remarks

Surface Water Observations:
Surface water depth 3.4m

Key:
Coordinates in UTM, Zone 55For explanation of abbreviations

and symbols, refer to Cardno
Lane Piper UCS or Rock Notes

Notes:

Enviro BH Log 11/09
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Surface Water and Sediment Contamination Assessment

Fiskville Training College, 4549 Geelong-Ballan Road, Fiskville, Victoria
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Figures of Graphs
Figures D1 to D52
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Figure D16 Sediment Samples: Metal Species Comparison
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