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INVITATION

The Environmental Protection Authority (EPA) invites people to make a submission on this
proposal.
The Consultative Environmental Review (CER) proposes the development of a former liquid
waste disposal site in the City of Gosnells. In accordance with the Environmental
Protection Act, a CER has been prepared which describes this proposal and its likely
effects on the environment. The CER is available for a public review period of 4 weeks
from 27 May 1996 closing on 25 June 1996.
Comments from government agencies and from the public will assist the EPA to prepare
an assessment report in which it will make recommendations to government.
Why write a submission?
A submission is a way to provide information, express your opinion and put forward your
suggested course of action - including any alternative approach. It is useful if you indicate
any suggestions you have to improve the proposal.
All submissions received by the EPA will be acknowledged. Submissions will be treated
as public documents unless provided and received in confidence subject to the
requirements of the Freedom of Information Act, and may be quoted in full or in part in
each report.
Why not join a group?
If you prefer not to write your own comments, it may be worthwhile joining with a group or
other groups interested in making a submission on similar issues. Joint submissions may
help to reduce the workload for an individual or group, as well as increase the pool of
ideas and information. If you form a small group (up to 10 people) please indicate all the
names of the participants. If your group is larger, please indicate how many people your
submission represents.
Developing a submission
You may agree or disagree with, or comment on, the general issues discussed in the CER
or the specific proposals. It helps if you give reasons for your conclusions, supported by
relevant data. You may make an important contribution by suggesting ways to make the
proposal environmentally more acceptable.
When making comments on specific proposals in the CER:
clearly state your point of view
indicate the source of your information or argument if this is applicable
0

suggest recommendations, safeguards or alternatives

Points to keep in mind
By keeping the following points in mind, you will make it easier for your submission to be
analysed:
attempt to list points so that issues raised are clear. A summary of your
submission is helpful
refer each point to the appropriate section, chapter or recommendation in the
CER
if you discuss different sections of the CER, keep them distinct and separate, so
there is no confusion as to which section you are considering
attach any factual information you may wish to provide and give details of the
source. Make sure your information is accurate.
Remember to include:
your name
address
date
whether you want your submission to be confidential
The closing date for submissions is 25 June 1996.
Submissions should be addressed to:
Environmental Protection Authority
Westralia Square
141 St George's Terrace
PERTH WA 6000
Attention: Mr Todd Simms
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Execuhve Summary
ES.1 Introduction
This Consultative Environmental Review (CER) has been prepared by the
Proponent, the City of Gosnells, to address issues arising from soil and
groundwater contamination at and around the former Southern River
liquid waste disposal Site. The CER addresses these issues by outlining
potential health and environmental impacts of the Site and developing a
plan which manages these effects. Key issues requiring EPA evaluation
are outlined in Table ES.1 - Key Topics.
The Site itself is zoned "rural' and the City of Gosnells has no pTans to
develop the Site within the next 10 to 15 years. Given the Site's
condition, possible future uses will include public open space, recreation,
and a carpark area.
Under the current Metropolitan Region Scheme land nearby the Site is
zoned "urban deferred". Resolution of issues relating to the Site, will
allow redevelopment of this land for residential purposes.
ES.2 Site Contamination
ES.2.1 Site Description
Operations at the Site are believed to have started in 1955 and
concluded in 1981 (although some illegal dumping occurred after the
Site's closure). Wastes comprised mainly night soil (septage) and
brewery wastes but also included an unknown quantity of other wastes.
The former liquid waste disposal Site has been operated by both the City
of Gosnells and the City of Perth under the Health Department of Western
Australia (HDWA).
The Site itself is approximately 250 metres by 300 metres. The liquid
waste disposal area comprises approximately 13 lagoons. These
lagoons are fenced and occupy and area approximately 200 metres by
120 metres in the southern section of the Site.
Soils in the area are mainly Bassendean sands which are characterised
by a very high transmissivity.
The general groundwater flow in the area is to the north east at
approximately 20 metres per year. Mounding of the water table below the
Site may have increased this locally to 40 to 110 metres per year.
Surface water from the Site discharges to the Forrestdale Main Drain
which discharges to the head waters of the Southern River.
ES.2.2 Previous Investigations
Various groundwater investigations have been performed by the
Geological Survey of WA and the HDWA since the Site's closure in 1981
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These investigations included a private bore survey in 1990. This
investigation detected no significant metal contamination in the private
bores surveyed.
The City of Gosnells has commissioned two investigations into
contamination at the Site. In 1992 the City of Gosnells engaged Golder
and Associates to perform a Stage 1 study. The objective of this study
was to determine whether soil and groundwater in the area had been
contaminated as a result of activities on the Site. The study concluded
that disposed wastes had contaminated soils on-site and to some extent
off-site and groundwater in the underlying shallow aquifer. In 1994 the
City of Gosnells commissioned Groundwater Technology to perform a
Stage 2 study with the aim of identifying the nature and extent of soil and
groundwater contamination.
ES.2.3 Soil Contamination
Groundwater Technology (1994) identified soil contamination within the
lagoon area of the Site at concentrations which exceed residential criteria
(ie ANZECC, 1992 and Dutch 'B', 1990). The contaminants included a
number of metals, total petroleum hydrocarbons, and BTEX (Benzene,
Toluene, Ethyl benzene, and Xylene). In the area immediately outside the
lagoons, elevated levels of lead, total petroleum hydrocarbons, and
sulphate were detected.
The available soil data does not indicate any major health risks arising
from current use of the site.
ES.2.4 Groundwater Contamination
Groundwater results from Groundwater Technology (1994) and Chemistry
Centre (1995) show contamination in the lagoon area and in the multiport
bores approximately 250 metres to the east of the Site at concentrations
which exceed drinking water guidelines. These contaminants include
metals (ie arsenic, cadmium, chromium, nickel, and lead), benzene and
toluene. Contaminants which also exceed irrigation guidelines include
arsenic, chromium, and zinc.
The regional groundwater was tested by Groundwater Technology
(1994), Sinclair Knight Merz (1995), and Chemistry Centre (1995) from
domestic bores to a radius of approximately 1,500 metres.
Groundwater Technology (1994) reported lead levels in private bores at
concentrations which exceeded drinking water guidelines. These bores
were approximately 300 to 700 metres to the east and south of the Site
and were used for irrigation purposes.
Private bores in the area were resampled by Sinclair Knight Merz in May
1995 and by the Chemistry Centre in July 1995. These investigations did
not detect lead at concentrations which exceeded drinking water
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guidelines. However, arsenic was detected by the Chemistry Centre in
one Water Corporation monitoring bore approximately 1,300 metres east
of the Site. In addition, a number of domestic bores show metal levels
above background concentrations but below drinking water guidelines.
Despite recent testing of the regional groundwater which did not identify
any private bores with contamination from the Site at concentrations
which exceed drinking water guidelines, it is concluded there is a
potential health risk.
n addition, elevated levels of nitrogen and phosphorus were detected in
the groundwater around the Site (ie up to 20 mg/L ammonia nitrogen and
up to 2 mg/L orthophosphorus). However, maximum recorded nutrient
levels in the regional groundwater were only 1.6 mg/L ammonia nitrogen
and 0.4 mg/L phosphorus. Given that these concentrations are similar to
other unsewered regions in the metropolitan area, it is considered that
nutrients in the groundwater do not represent a major environmental risk.
A preliminary investigation of drainage water discharging from the Site to
the Forrestdale Main Drain showed elevated levels of lead. However, the
lead levels were comparable to other main drains in the metropolitan
area.
ES.2.5 Methane
Large quantities of biological material were discharged to the Site during
its operation. As a result of the decomposition of the biological material,
large amounts of "landfill gas' have been produced. It is therefore
concluded that landfill gas presents a minor health risk at both the Site
and adjacent land.
ES.2.6 Unidentified Metallic Objects
The magnetic survey reported by Groundwater Technology (1994)
identified 44 metallic objects on the Site. The majority of these objects
are thought to be old night soil cans, however, some may potentially
contain toxic chemicals. The risk presented by the metallic objects is
uncertain and therefore cannot be eliminated.
ES.3 Impacts and Risk
Environmental and health risks were investigated based on the nature,
level, and extent of contamination at and around the Site. Also
investigated were risks associated with the future development of land
around the Site. A management strategy was then prepared which
addressed these risks.
ES.3.1 Environmental Risks
o Environmental risk to surrounding vegetation associated with
contaminated runoff from the lagoon area.
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Environmental risk to surrounding vegetation associated with the
metal and nutrient contamination of the regional groundwater.
Environmental risk to the Southern River caused by the ingress of
nutrients via groundwater and drainage water.
ES.3.2 Health Risks
Use of groundwater for drinking purposes.
Use of groundwater for irrigation and livestock.
Exposure to contaminated soil.
Generation and accumulation of methane beneath the Site.
The presence of metallic objects beneath the Site.
ES.3.3 Risks Associated with Future Development
Future residential development. Risks include activities which may
affect contaminant migration (eg sub-soil drainage and reticulation
bores) and health risks associated with the use of groundwater for
drinking and reticulation.
Future development of existing rural lots. Risks are as above but
include health risks associated with a more diverse range of
groundwater uses such as crop irrigation and stockwatering.
ES.4 Management Strategy
ES.4.1 Objectives
The risks identified are sufficient to require a management strategy. The
main objectives of this strategy are therefore to manage:
the Site as a source of groundwater contamination and as a health
risk through direct exposure
environmental risks from nutrients and metals entering the
headwaters of the Southern River via surface water runoff or
groundwater
health risks associated with the use of groundwater for drinking
purposes
health risks associated with future development of surrounding areas
ES.4.2 Site Management
It is proposed that management of the Site comprise:
Excavation of contaminated soil which exceeds regulatory thresholds
from around the Site and placement of this soil within the lagoon
area. Regulatory thresholds will comprise ANZECC
Dutch B°
(1990) where ANZECC criteria are unavailable, and Victorian EPA
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cleanup criteria for the Bayside site (hydrocarbons only).
Excavation and disposal of the metallic objects buried beneath the
Site.
The construction of a clay cap over the lagoon area of the Site and
installation of cut off walls around the perimeter of the cap. Cut off
walls will extend to 1 metre below the winter water table.
The incorporation of a landfill gas extraction system into the clay
cap.
The effects of the clay cap and cut off walls will be to minimise further
leaching of contamination by infiltration of rainwater and lateral movement
of groundwater. Full encapsulation or removal of the contaminated soil is
not justified in that:
the majority of soil contamination is above the water table, and
the identified risks can be adequately managed using the less costly
capping strategy
ES.4.3 Environmental Risks
Environmental risks will be managed by implementing the Site
management strategy and by ongoing monitoring;
ES.4.4 Use of Groundwater for Drinking
The source of contamination will be managed by implementing the Site
management strategy. In addition:
Landowners and households within a defined distance (1500m) of
the Site would be informed of the potential risks associated with
drinking the groundwater.
The City of Gosnells will test the groundwater of any household
within the defined area (cited above) at their request provided that
the groundwater is relied on for drinking purposes.
Where groundwater is used for drinking purposes and where that
groundwater contains levels of arsenic, chromium, or lead above
drinking water guidelines, the City of Gosnells would fund an
alternative drinking water source.
ES.4.5 Future Development
Risks associated with future development mainly relate to the possible
effects of raising or lowering of the groundwater table on the migration of
contaminants from the Site. Modifications to the migration of
contaminants may affect both prospective purchasers within the
development and existing residents on adjacent land. It is proposed that
this risk be managed by:
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Including a hydrogeological investigation as a condition of
subdivision for residential developments within a defined distance
from the Site. The objective of the hydrogeological study would be
to evaluate the effects of changes to the groundwater table (eg
abstraction or sub-soil drainage systems) on the migration of
contamination from the Site.
Requesting the Water Corporation of WA that, for properties within a
defined distance from the Site, the granting of bore licences be
linked to potential adverse effects of groundwater abstraction on the
movement of contaminated groundwater from the Site. The need to
perform a hydrogeological investigation to quantify the potential
effects would be determined on a case by case basis by the City of
Gosnells and the Water Corporation. Under current legislation, the
Water Corporation requires that landowners in the Perth area who
are abstracting more than 1,500 kL/year hold a bore licence.
Where hydrogeological study cannot eliminate the risk to the
development, it is proposed that a memorial be placed on titles as a
condition of subdivision so as to notify prospective purchasers of
potential risks associated with contaminated groundwater.
Where the hydrogeological study cannot eliminate the risk to existing
residents, it is proposed that the City of Gosnells withhold planning
approval for the subdivision.
ES.4.6 Groundwater Monitoring
A groundwater monitoring programme will be developed to support the
management strategy. The four objectives of the programme are to
monitor:
The current extent of groundwater contamination.
The continued migration of the plume of contamination.
The migration of contaminants from the Site.
The composition of the drainage and surface water from the Site
which flows to the headwaters of the Southern River.
ES.5 Conclusions
Historical activities at the Site have resulted in both soil and groundwater
contamination.
The contamination does not present a significant environmental impact
on either the surrounding vegetation or the Southern River. In addition,
the soil contamination does not produce a major health risk. However
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the contamination in the groundwater, whilst not detected at levels which
exceed drinking water guidelines in the private bores tested, represents
a potential health risk.
It is considered that the risks identified from the available data are
adequately addressed by the management measures outlined above. It
is not proposed that the contaminated groundwater be remediated.
Groundwater remediation would require the abstraction and treatment of
groundwater to a radius of several hundred metres and a depth of up to
30 metres. Remediation of this volume of groundwater would have a
range of environmental and social impacts resulting from the lowering of
the groundwater table.
Future developments which include the abstraction of groundwater in
significant quantities may also present a health risk if the migration of
groundwater contaminants is affected.
The health and environmental risks identified in this CER can be
adequately managed by implementing the management strategy and
commitments presented in this CER.
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Table ES.1 - Key Issues
id
Ctê:
Environmental

1oncr,i

Present$fàtus

PoppedAtiàn,

.•

1EoppseciManagernent

Effects of potentially contaminated
runoff from Site on surrounding
vegetation,

The site topography and the presence of a fire break around Continued migration of contaminants from the Site, in particlar A groundwater monitoring programme be implemented as
described in the Health section below,
the perimeter of the Site indicates that frequent surface water the nutrients, be reduced by implementing the Site
J
runoff from the site into the surrounding vegetation is unlikely. Management Plan described in the Health section below.

Effects of groundwater
contamination on surrounding
vegetation

Elevated nutrient levels appear to have had a detrimental
effect on nutrient sensitive banskia woodland to a distance of
approximately 20 metres from the site.

Pgedi
Elimination of contaminated
runoff from the lagoon area of
the Site as well as adjacent
areas.
Increase in the rate of natural
attentuation of nutrients in the
vicinity of the Site.

Vegetation beyond 20 metres does not appear to have been
impacted.

Effects of groundwater and
drainage water on Southern River

Nutrient concentrations in the vicinity of the plant have been
decreasing since the facility's decommissioning in 1981.
The stormwater drainage system and natural water courses in
the area around the Site are such that surface water in the
vicinity of the Site will enter the Forrestdale MD (which
discharges into the headwaters of the Southern River). The
main contaminants of concern are nutrients and metals.

1i

-

Reduction of nutrient and metal
discharges to Southern River to
levels which are below, or
comparable to, other sources èfl
the area eg septic tanks ar4fertilser runoff.

Whilst nutrient levels in the drainage water are in excess of
levels in the Southern River, they are similar to other
unsewered areas in the metropolitan area as well as the
Forrestdale MD.
The level of lead in the drainage water is consistent with
similar main drains and only marginally higher than ANZECC
guidelines.
Effects of groundwater on Balannup Balannup Lake is a melaleuca lowland to the south west of
Lake
the Site,

Management of the Site as a
potential source of nutrient
contamination to Balannup
Lake.

Total phosphorus and nitrogen levels in Balannup Lake, whilst
elevated, are comparable to other lakes in the area including
Forrestdale Lake. Chlorophyll uan levels are below guidelines.
-

Health

---

--

-

-

Use of groundwater for drinking
purposes

Use of groundwater for irrigation
and livestock

The linkage between any environmental impact on Balnnup
Lake and groundwater contamination is uncertain.
Houses within kennel zone are connected to schemewater
and consequently do not use groundwater for drinking
purposes.

-

--

-

-

-

Implementation of a Site Management Plan le:
A programme be implemented to monitor:
minimising source of contamination by constructing a clay
current extent of groundwater contamination
cap over the lagoon area with cutoff walls along the
migration of the groundwater plume
perimeter of the lagoons
migration of contaminants from the Site
Households to the north of the Site are not connected to
providing alterantive drinking water where groundwater is
effects of drainage and surface water from the Site on the
schemewater and use a combination of rainwater and
relied on for drinking water and where groundwater shows
Forrestdale MD and the Southern River
groundwater for drinking (the closest house is 700 m to the
lead, arsenic or chromium contamination above guidelines
north east).
notifying affected parties of the results of ongoing
monitoring by means of letter drops
Main contaminants are metals ie arsenic, chromium and lead.
continued monitoring as described in the proposed
Metals were not detected any private bores soaks, or drains
management for the Environmental category
at concentrations which exceed drinking water guidelines.
However, arsenic was detected in a Water Corporation
monitoring bore at levels approximately 3 times the drinking
water guidelines.
Available information indicates that groundwater
For households within a prescribed distance of the Site
contamination associated with the site does not exceed
who are currently using groundwater for watering of
guidelines for irrigation and stock water.
animals and where these animals are not covered by
ANZECC (1992), a risk assessment, at the request of the
household, will be performed for arsenic, chromium, and
lead.
If the monitoring programme indicates that groundwater
contamination which is a result of activies at the Site
exceeds the guidelines for irrigation or livestock, affected
residents will be immediately notified.
Where it becomes necessary to recommend that
groundwater is no longer suitable, negotiations with the
landowner will commence to place a memorial on the title
of the property advising of the condition of the
groundwater.

Reduction of potential health
risks arising from the Site to
acceptable levels. Note that
this does not address other
health risks associated with the
groundwater not related to the
Site.

Reduction of potential risks to
livestock and crops arising from
the Site to acceptable levels.

Table ES.1 - Key Issues

Categoiy

Presé'ffttStätus
Exposure to contaminated soil

Proposed Management

Soil contamination above regulatory thresholds was identified
Capping of the lagoon area of the site as described above.
in the lagoon area of the Site and some adjacent areas.
Contaminants in excess of guidelines include metals,
Soil around the lagoon area of the Site which exceeds
petroleum hydrocarbons, BTEX and OC pesticides. Health
ANZECC (1992) criteria would be excavated and placed
risks are present in the form of direct exposure and windblown
underneath the cap.
dust from the Site.
Exposure to contaminated surface During winter months, the groundwater table can rise and
No action is proposed on the basis that:
water
inundate the lower lying areas around the Site. Groundwater
drinking water guidelines assume that 1 litre of water is
samples taken from soaks in this general area show that the
consumed per day
water contains levels of lead which has in the past exceeded
surface water in the area is relatively saline, highly
drinking water guidelines by a factor of 2 to 3.
coloured, turbid, and odorous
it is unlikely that a young child (or any other risk group)
would regularly consume in excess of 1 litre of surface
water_per_day.
Generation and accumulation of
Large quantities of biological material were discharged to the Landfill gas will be managed by installing a collection system
.
methane
Site during its operation. Significant quantities of landfill gas comprising a series of extraction wells as part of the lagoon
_______ may therefore have been produced.
area capping.
.
Metallic objects buried in the site.
A magnetic survey of the Site identified 44 metallic objects. It All metallic objects identified on the Site which were identified
.
is possible that some of these objects may be old 200 litre
during the magnetic survey will be excavated. Where the
.
drums containing toxic chemicals.
.
metallic objects are identified as posing a health or
environmental risk, the object will be disposed in accordance
with Office of Waste Management requirements.
Impact of sub-soil drainage systems Nopresent status
Future Residential
It is proposed that risks presented by future residential
on migration of contamination from
developments be managed as follows:
Developments
Site.
...
. WA Planning Commission be approached for a condition
of subdivision that all residential developments within a
defined distance of the Site include a hydrogeological
study.
•
If the hydrogeological study identifies any aspect of the
development as adversely affecting the migration of
contaminated groundwater and thereby resulting in a health
or environmental risk, the. WA Planning Commission would be
approached for a condition of subdivision which addresses
these risks (eg prohibition of the use of bores or the use of
subsoil drainage).
Where the hydrogeological study cannot eliminate the risk
to prospective purchasers, the WA Planning Commission
will be requested to place a memorial on the title as a
condition of subdivision which notifies prospective
purchasers of potential risks.
Where the hydrogeological study cannot eliminate the risk
arising from the development to existing residents, the
City of Gosnells will withold all planning approval for
subdivision.
Impact of bores on migration of
contamination from Site.
Health risks associated with use of
groundwater for garden reticulation.
Future Development of Impact of bores on the migration of No present status
It is proposed that risks presented by development of existing
groundwater contamination
Existing Rural Lots
.
rural lots be managed as follows:
the City of Gosnells will. subject the approval of
•
development licences to the approval of the DEP
the Water CorporationwiIl be advised of the current extent
of groundwater contamination and kept informed of
ongoing monitoring results
the Water Corporation will be requested to link the
granting of bore licences to potential adverse effects on
contaminated groundwater movement. The need to
•
perform a hydrogeological investigation would be
_____________________
•
______________________________________________________
performed on a case by case basis

PrédicQif.óme
Reduction to an acceptable
level of the health risk
associated with exposure to
contaminated soil both on the
Site and adjacent areas.
Minimal health risk presented
by the observed levels of lead
in the surface water.

Reduction of potential risks
presented by landfill gas to
acceptable levels.
Removal of any potentially
hazardous objects.

Reduction to acceptable levels
of potential impacts caused by
future residential
developments Impacts refer
specifically to the migration of
contamination from the Site
and consequent risks to:
existing residents
prospective purchasers
the environment

Reduction ot acceptable levels
of potential impacts caused by
development of existing lots.
Impacts refer specifically to
migration of contamination
from the Site and consequent
risks to:
existing residents
prospective purchasers
the environment

1. Introduchon
1.1 This Document
This document is a Consultative Environmental Review (CER) of the
proposed Management Strategy for the former Liquid Waste Disposal
Facility at Southern River Road, Gosnells. The purpose of this document
is to provide the Environmental Protection Authority (EPA) with the
information necessary to allow assessment of the Management Strategy
with particular regard to:
the short and long term environmental and health impacts identified
by the Strategy, and
the management methods proposed by the Strategy to address
those impacts.
It has been prepared for submittal to the Western Australian EPA in
accordance with their guidelines for preparing the CER (reproduced in
Appendix A).

1.2 The Proponent
The proponent for this CER is the City of Gosnells. The City of Gosnells
currently owns the Southern River site. They are responsible for the
implementation of the proposed Management Strategy. This includes all
management methods included in the Strategy both on and off the site.

1.3 Background to the Proposal
1.3.1 The Liquid Waste Disposal Facility
The liquid waste disposal facility consists of 13 unlined lagoons
constructed from sand. Operations at the Site began in the mid 1950s
and concluded following its closure in 1981. Discharges to the Site
included primarily septage and brewery wastes as well as unknown
quantities of other wastes.
Operation of the Site has been by the City of Gosnells and the City of
Perth in accordance with Health Department requirements.
The Site is currently zoned rural and there are no plans to rezone the Site
to urban.
1.3.2 Town Planning
In July 1993, the State Planning Commission initiated a Metropolitan
Region Scheme amendment which proposed rezoning approximately
2,000 hectares of land in the Canning Vale and Southern River areas.
Accordingly, the City of Gosnells has resolved to initiate the rezoning of
portion of the Southern River locality from Rural to Urban and to impose a
Town Planning Scheme over the area.
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The parcel of land in the Southern River area is bounded to the east in
part by Southern River Road. The former liquid waste disposal site,
which is to the west of Southern River Road, is directly adjacent to part of
this land parcel as shown in Figure 1.
The EPA has advised the City of Gosnells that increased urbanisation of
the Southern River area should not proceed until the extent of soil and
groundwater contamination (if any) in the vicinity of the former liquid
waste disposal facility has been determined.
1.3.3 Soil and Groundwater Investigations
The potential impacts of the Site on the surrounding areas have
prompted a series of investigations of varying detail since the Site's
closure in 1981.
The investigations began in 1982 with the Geological Survey of Western
Australia (GSWA) who identified elevated nutrient levels in the
groundwater around the Site. In 1985 the GSWA installed two
groundwater monitoring bores on behalf of the Health Department of
Western Australia (HDWA). The HDWA sampled these bores in 1985 and
1987 and confirmed the earlier findings of the GSWA.
In 1990 a local farmer found elevated levels of metals in a soak on his
property. In response, the HDWA investigated the levels of metals and
pesticides in a series of private bores and soaks in the area as well as
the monitoring bores. The investigation found both metals and traces of
pesticides but concluded that significant contamination was restricted to
the monitoring bores.
Since the investigation in 1990, the HDWA has collected samples from
the monitoring bores in 1991, 1992, and 1995.
The City of Gosnells began there investigations into the Site in July 1992
when they engaged the consultants Golders and Associates Pty Ltd to
undertake a Phase 1 investigation of the former liquid waste disposal site.
The study, which was completed in December 1992, showed that waste
disposed of at the site had contaminated the soil on-site and to some
extent off-site. The investigation confirmed that the groundwater beneath
the site was contaminated. The Phase 1 report is attached as
Appendix B.
In late 1993 the City of Gosnells engaged the consultants Groundwater
Technology Australia Pty Ltd to undertake a Phase 2 investigation of the
site. The objective of the Phase 2 investigation was to assess the extent
and nature of soil and groundwater contamination caused by the
disposal of liquid wastes at the site and to collect sufficient information to
allow the preparation of a management strategy for the site. The study,
which was completed in August 1994, revealed significant levels of soil
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contamination on the site as well as the contamination of groundwater in
surrounding private bores. The Phase 2 report is attached as
Appendix C.
Sections of the Phase 1 and Phase 2 reports have been included in this
Consultative Environmental Review.
The Department of Environmental Protection's review of the management
strategy prepared by Groundwater Technology prompted the call for a
Consultative Environmental Review (CER).
In preparing the CER, additional investigations have been undertaken by
Sinclair Knight Merz and the Chemistry Centre to further evaluate the
level and extent of metal contamination in the groundwater.
1.3.4 Relevant Statutory Requirements and Approvals
The Western Australian Environmental Protection Act 1986 was.;
proclaimed on 20 February 1987 and this proposal will be assessed
under that legislation. Administrative procedures associated with the Act
formalise the review process and the enforcement of the Proponent's
management commitments.
The guidelines for this document have been developed by the EPA and
are reproduced in Appendix A.
Relevant legislation includes:
Conservation and Land Management Act, 1984
Environmental Protection Act, 1986
Health Act, 1911
Land Act, 1933
Local Government Act, 1960 (mainly building licences and zoning)
Occupational Health, Safety and Welfare Act, 1984
Rights in Water and Irrigation Act, 1914
State Planning Commission Act, 1985
Town Planning and Development Act, 1928
Relevant Authorities:
Department of Environmental Protection (Pollution Control Division,
Evaluation Division)
Mines Department
Department of Planning (formerly the Department of Planning and
Urban Development)
Water Corporation of Western Australia (application for scheme water
stipply, wastewater disposal to sewer, abstraction of groundwater)
Department of Conservation and Land Management (administers
forests, parks, Declared Rare Flora, etc)
Waterways Commission including the Swan River Trust (discharge to
river via drains)
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City of Gosnells (rezoning, bui!ding permits)
City of Perth
City of Armadale
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2. Need for the Proposal
2.1 Need for the Proposal
This proposal is based on the need to resolve issues relating to soil and
groundwater contamination from the former liquid waste disposal site on
future urbanisation of the Southern River area.
The purpose of the proposal is therefore:
to identify the existing and potential environmental and health risks
associated with contamination from the Site
to propose a management strategy which addresses the potential
environmental and health impacts identified
It is emphasised that the Site is not included in the proposed urban
development. Any potential development of the Site will be as described
in the management strategy.
The management strategy presented in Chapter 5 of this CER will be
used in formerly assessing the development of surrounding areas.
2.2 Alternative Landuses
The potential landuses for the former liquid waste disposal site have
been derived from consideration of the level and extent of soil and
groundwater contamination in the area.
Landuses consistent with the contamination identified include:
no redevelopment
redevelopment to a carpark area
redevelopment to passive public recreation (eg open space, park
lands etc)
redevelopment to active public recreation (eg open air basketball)
The main constraints which affect the management strategy and the
viability of each option are discussed below.
2.2.1 Health Considerations
The main health risk results from contamination of the local groundwater.
Groundwater in the surrounding area is used for a number of purposes
including:
drinking water
watering of livestock
crop irrigation
garden reticulation (including vegetables)
Any form of development at the Site, or the surrounding areas, would
require a strategy which addresses the health risks associated with the
groundwater contamination. Minimising the risks requires either
management of exposure to the groundwater or removal of contamination
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from the groundwater.
A secondary risk is exposure to contaminated soil within the lagoon area
and immediately adjacent land.
2.2.2 Environmental Considerations
Contamination of the local groundwater forms the main environmental
constraint. The water table in the area is very high with large sections of
land subject to seasonal inundation. Groundwater contamination
therefore poses a direct risk to the vegetation in the area. In addition,
contaminated groundwater may present a risk to the Southern River
which receives both runoff from the Site via the Forrestdale Main Drain
and, ultimately, groundwater from the Site.
2.2.3 Geotechnical Considerations
The Site has been used for the discharge of biological wastes such as
septage and brewery wastes for up to 25 years. It therefore contains
large quantities of putrescible material. It is probable that, in the15:year
period since the Site's closure, putrescible material in the Site has- largely
reacted and is now biologically stable. However, some of the biological
material will continue to degrade slowly with the result that the site is still
prone to subsidence. Consequently, the Site is unable to support any
load bearing structure (such as a commercial building). Elimination of
this constraint would require partial or complete excavation and backfill
of the lagoon area - it is unlikely that surface compaction would be:
effective.
2.2.4 Landfill Gas
As a consequence of the continued degradation of biological material,
significant quantities of landfill gas (which has a large methane
component) have been produced. The landfill gas has accumulated
beneath the lagoon area as evidenced by drilling on the site in 1994
which encountered pockets of the gas.
Landfill gas can present a health risk in terms of its flammability and its
capacity to act as an asphyxiant. Development of the Site and localised
adjacent areas would therefore require either the management or the
removal of the landfill gas - depending the nature of the-development.
Systems typically used for the management of landfill gas include
"venting trenches" and gas extraction wells". In some situations landfill
gas can be economically extracted and used for power generation via a
gas turbine.
2.2.5 Financial Considerations
Substantial capital and operating costs will be incurred as part of the
management of the soil and groundwater contamination at the Southern
River Site. The majority of these costs will be borne by the ratepayers of
the City of Gosnells.
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In the event that the surrounding land is rezoned to urban, it would be
reasonable to expect that the developers of the area would be required
to fund the installation of any infrastructure such as water supply,
stormwater and sewerage.
In similar situations, where a Shire or City is responsible for a waste
disposal facility, the relevant Shire or City will set up a "Management
Fund" which allows the accumulation of funds - generally over a period of
years. This avoids excessive burdens on the local ratepayers.

2.3 Preferred Landuse
The City of Gosnells currently has no immediate requirement to redevelop
the Site other than to undertake the proposed management strategy. As
there are no immediate prospects of financial return from commercial
j,- redevelopment of the site, it is proposed that the City of Gosnells' adopt
7— the minimum remediation strategy which addresses the risks identified.
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3. Descnphon of the Site
3.1 Site Location
The location of the Site is presented in Figure 1 - Location Plan. The Site
occupies Lot 1768 Southern River Road and is located entirely within the
City of Gosnells. The boundary with the City of Armadale is
approximately 800 m to the south west and 2 km to the south east.
The nearest residential area is a special kennel zone approximately
300 m to the south east.
3.2 Land Use
3.2.1 Current Site Layout and Land Use
Diagrams showing the general configuration of the site are shown in
Figures 2 - Site and Surrounds and Figure 3 - Current Site Layout. The
site is currently abandoned and has been so for approximately 15 years.
The former liquid waste disposal facility occupies the south eastern
section of the site. It is approximately 200 m long by 120 m wide giving
an area of 2.4 hectares. A security fence surrounds the disposal facility
with access to the facility being via a padlocked gate on the southern
side of the fence.
There are approximately 13 lagoons on the site which are in a
deteriorated condition. Several of the lagoons in the south eastof the
facility have been filled to varying extents with sand. Two lagoons in the
western side of the site support a dense covering of kikuyu. The
remainder of lagoons on the site are characterised by a 1 m depression
with little or no vegetative cover and a plan area of 20 m by 40 m.
An abandoned shed is located midway along the north west section of
the fence.
Several 200 L (44 gallon) drums are clustered on the site at various
locations and appear to be fire damaged.
3.2.2 Site History
Disposal of wastes at the Site is believed to have started in about 1955.
City of Gosnells staff suggest that the main type of waste deposited from
this time until the late 1960s was 'night soil". Some animal carcasses
from the local pound may also have been deposited at the site at this
time.
Between June 1969 and March 1973, the site was leased to the City of
Perth. The main reason for obtaining the lease agreement was to provide
a facility where the City of Perth could discharge liquid brewery wastes
collected from the Perth area. During the lease period liquid wastes
were discharged by contractors of the City of Perth, the City of Gosnells,
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and the Shire of Armadale-Kelmscott.
Other effluents discharged to the facility include septic effluent, oils, and
poultry wastes. Available records suggest that between 110 and
130 m3/day were discharged to the facility and that other effluents
totalled less than 10 m3/day.
In a newspaper article dated December 1972, a local resident noted that
there was little control of the site ie:
The gates were left open at weekends and there was a stream
of tankers dumping various types of effluent.
Management of the site was resumed by the City of Gosnells after
expiration of the lease to the City of Perth in 1973. The discharge of
liquid wastes to site continued until the Site's closure in December 1981.
Little information is available describing the types of wastes accepted at
the site during this period.
Inspection of aerial photographs taken between 1982 and 1984 indicate
that the site was essentially abandoned after closure and that the
remaining waste liquids were allowed to evaporate and permeate into the
underlying soils. The City of Gosnells became aware that some illegal
dumping of wastes occurred after the site was closed and in response
constructed earth barriers to prevent tanker access.
Inspection of aerial photographs and anecdotal information provided by
residents of the area revealed significant spillage from the Site ie:
D

In 1972 liquor from one the ponds spilled onto land to the south east
of the site resulting in the formation of a deltaic" type of deposit
about 100 m long by 20 m wide.

ri

In October 1972 spillage onto land to the north west of the site
occurred via an open drain. The spillage was observed by the
landowner. The drain was backfilled the following month.

D

In May 1981 a local resident noted that oils had spilled to 30 m
beyond the site boundary and that a breached wall in a pond had
resulted in waste liquors overflowing for a distance of 100 m from the
site.
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3.2.3 Surrounding Areas
Figure 4 - Metropolitan Region Scheme shows the Department of
Planning's land zonings for the Southern River area.
The figure shows the Site to be zoned as rural. The surrounding areas
are zoned as follows:
to the west and to the south east (which is also the kennel zone) the
land is also zoned rural,
land to the south west of the site is zoned as parks and recreation,
the remaining areas to the north west, north, and north east are
zoned urban deferred
The City of Gosnells' Town Planning Scheme for the area surrounding the
former liquid disposal facility. The site itself is zoned rural as is the
majority of the surrounding area. Other zonings are as follows:
The adjacent land to the south west is zoned for public useS.
The land approximately 300 m to the south east is a kennel zone.
The lot sizes in the kennel zone range from approximately 0.4 to
1 hectare.
Land uses in the surrounding areas (ie to a radius of 1.5 km) are in
accordance with the respective zonings and include:
cattle farming
poultry
a polo club
a deer farm
residential (ie the kennel zone)
parks and public recreation (ie Balannup Lake)
0
3.3 Land Ownership
Figure 5 - Land Ownership shows the major land owners surrounding the
former liquid disposal site. The figure shows that an accrual of land is
occurring in the Southern River area, including that land around the
former liquid former disposal site. This accrual of land can be attributed
to the Department of Planning's rezoning of the land in the area to urban
deferred as indicated in Figure 4.
Landowners of the Site and adjacent lots include:
City of Gosnells
City of Perth
Water Corporation
Devoncourt
private rural holdings
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The deferred status of the urban zoning was imposed by the Department
of Environmental Protection in light of the relative' lack of information on
the nearby former liquid waste disposal facility and the lack of a clear
management strategy.
3.4 Site Utilities
3.4.1 Electricity, Water and Gas
The Site does not have any facilities for electricity, scheme water, or gas.
Figure 6 - Scheme Water Plan presents the layout of the Water
Corporation scheme water system for the surrounding areas. The figure
shows the kennel zone to be reticulated by a main which runs from north
to south along Southern River Road. The areas to the north and west of
the site, in particular the urban deferred zones, are not connected to the
scheme water system.
Before the urban deferred areas can be rezoned to urban, the Water'
Corporation will require that the areas be connected to the scheme water
system. The existing water main located along Southern River Road may
be inadequate for this purpose and an upgrade of the system may be
necessary.
3.4.2 Site Drainage and Stormwater
The liquid disposal facility was designed to promote infiltration of liquids
from the lagoons into the underlying soils. Consequently, the lagoon
area does not possess a drainage system.
Figure 2 - Site and Surrounds shows what appears to be a drainage path
which runs from the south eastern section of the Site into the adjacent
lower lying area. A visual inspection of the area does not suggest that
there has been any flow from the Site into this drainage path recently.
However, a review of historical aerial photographs suggests that, during
the Site's operation, significant drainage along this path did occur..
The lower lying area to the east of the Site drains into a ditch which runs
along the eastern site of the area and parallel to Matison Road. This
ditch discharges into the kennel zone drain system via two sumps as
shown in Figure 7 - Drainage Plan. The kennel zone drain system
discharges into the nearby Forrestdale Main Drain which runs into the
Southern River and then the Canning River.
There is a second low lying area to the north of the lagoons. This area
extends from the Site to the farming area to the north but is bisected by
Southern River Road which is approximately 1 metre above the
surrounding land. The effect of Southern River Road is to restrict surface
water flow to the north, however, contamination may still migrate to the
north via the groundwater. The lower lying area to the north of Southern
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River Road drains into a ditch which originates in Balannup Lake and
discharges to the Forrestdale Main Drain.
3.5 Hydrogeology and Geology
3.5.1 Hydrogeology
The site is underlain by unconsolidated sediments of the superficial
formations which have a thickness of about 40 m, and which consist
predominantly of sand. The regional groundwater flow is to the northeast at approximately 20 metres/year, but this has been locally altered by
the mounding of groundwater beneath the liquid waste site.
A number of investigations have been performed on the former liquid
waste disposal site including Hirschberg (1982), Appleyard (1990), and
Groundwater Technology (1994). In each of these investigations,
hydrogeology has figured prominently.
Following an extensive hand auguring programme in 1982, Hirschberg
identified significant mounding of groundwater beneath the lagoons ie:
The proximity of the pond floors to the water table resulted in a
marked mounding of the groundwater around the site, with flow
to all sides, and a steep gradient of up to 0.1."
The results of the programme are shown in Figure 8 - Water Table
Contours, 1982. The report identified high groundwater velocities of up
to 110 metres per year.
A less comprehensive hand auguring programme performed by
Appleyard in 1990 indicated that the mound was still present ie:
"A cross-section through the auger hole transect indicates that a
hydraulic mound still exists beneath the liquid waste site. The
hydraulic grade to the south east is greater than to the north
west...
A possible reason for the existence of the groundwater mound
so long after the closure of the liquid waste site, is that the
hydraulic conductivity of the sand beneath the site has been
reduced by the clogging of pore spaces by material from the
site. If this is the case, the mound should disappear in summer
months, as it could only be sustained during recharge events."
More recent work was performed by Groundwater Technology in 1994.
The findings of this investigation are summarised below (Groundwater
Technology (1994)):
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The presence of groundwater mounding below the lagoons was
confirmed despite water levels being at near the annual low point.
Rainfall can elevate the groundwater mound by 1 to 2 metres.
The direction of shallow groundwater flow in the immediate vicinity of
the lagoons is likely to vary on a seasonal basis. However, the
groundwater flow on a seasonal basis was still anticipated to be in a
north easterly direction.
Groundwater velocities in the vicinity of the lagoons may be as high
as 40 metres per year.
There is a net downward movement of groundwater which will result
in contamination being distributed throughout the full thickness of the
aquifer as the plume moves down gradient.
3.5.2 Geology
The area is underlain by aeolian (wind blown) deposits of the
Bassendean Sand which is up to 40 m thick in the vicinity of the site.
The Bassendean Sand forms part of the system of unconfined aquifers
on the Swan Coastal Plain and is used extensively for domestic,
industrial, and municipal water supplies.
The Bassendean Sands are underlain by the Osborne Formation. The
reduced vertical permeability of the Osborne Formation is likely to
impede downward migration of contaminants originating from the lagoons
at the surface of the aquifers.
Extensive soil and groundwater investigations of the former liquid waste
disposal facility were performed by Golder Associates in 1992 and
Groundwater Technology in 1994. Both investigations included a series
of shallow borings and monitoring wells (typically 33 m to 43 m deep).
The stratigraphy of the boreholes and wells is summarised as follows
(Golder Associates (1992) and Groundwater Technology (1994)).
The boreholes generally consisted of an upper grey, fine to coarse
grained sand about 3 m thick overlying dark orange-brown
ferruginous sandstone, which is locally known as "coffee-rock. The
sandstone varied from friable to hard and well cemented, and
generally contained layers of uncemented sands. The formation
stratigraphy observed is typical of much of the Bassendean Sand.
Shallow borings in the lagoon area intersected up to 1 m of light
brown powdery material containing minor amounts of sand. At
several sites a thick oily black residue was intersected just above the
groundwater table. This oily black residue was not detected in soil
borings outside the lagoons.
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The monitoring wells (which were located on the perimeter of the
lagoon area) generally comprised fine to medium grained sands with
some coarser bands. Minor clay and shale bands were also
encountered throughout the sequence.
The monitoring wells were terminated in the interbedded clayey
sands, sandy clays and shales of the Osborne Formation that
underlies the Bassendean Sand.
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4. Soil and Groundwater Contamination
4.1 Overview
Potential environmental impacts of the former liquid waste disposal facility
are based on the nature, level, and extent of contamination at and
around the facility.
4.1.1 Summary of Contamination
Contamination and related issues are as follows:
Groundwater beneath the lagoon area shows elevated levels of
nutrients and metals.
Groundwater in the surrounding area shows elevated levels of
nutrients and metals. The metal concentrations in all private bores
were below drinking water guidelines, however concentrations above
drinking water guidelines were found in monitoring bores
approximately 200 metres to the east of the Site and a monitoring
bore approximately 1,300 metres to the south east of the Site.
Soil in the lagoon area has been contaminated with metals,
hydrocarbons, and monocyclic aromatic hydrocarbons (BTEX).
Soil to the south east of the lagoon area to a distance of up to 150 m
has been contaminated with hydrocarbons.
Landfill gas is present beneath the lagoon area.
There are 44 buried metallic objects on the Site.

4.2 Site Investigations
4.2.1 Regulatory Authority Investigations (1982 to 1995)
The Geological Survey of Western Australia (GSWA) has published two
reports of the groundwater near the former liquid waste disposal site
(Appleyard (1990) and Hirshberg (1982)). In 1982 Hirschberg collected
a groundwater sample from outside the site boundary and found high
levels of phosphorus and ammonia. In 1985 the GSWA constructed two
multiport bores approximately 150 m east and 270 m south east of the
site. Samples collected from the bores by the Geological Survey in 1985
and 1987 were analysed for major ions and nutrients by the Government
Chemical Laboratories. Results also indicated elevated levels of
ammonia and phosphorus.
Following a concern raised by a local farm manager in 1990, samples
were collected by the Geological Survey from one of the multiport bores
and a series of private bores and soaks located around the Site. These
samples were analysed for metals and pesticides in addition to major
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ions and nutrients by the Department of Mines' Chemistry Centre.
The results showed traces of metals and pesticides in the private bores
but at levels below drinking water guidelines. Elevated metal levels were
found in the multiport bores as well as traces of pesticides (although
these concentrations were significantly below guidelines). The soaks
showed levels of metals which were marginally above drinking water
guidelines. The report concluded that: lead and cadmium (at any
significant concentrations) were found in the monitoring bore only.
Samples were again collected from the multiport bores in 1991 and
analysed by the Chemistry Centre for major ions, nutrients, and heavy
metals. The results showed metal concentrations which were slightly
above drinking water guidelines.
The multiport bores were again sampled in 1992 and analysed for
nutrients, hydrocarbons, and pesticides. No hydrocarbons were
detected and only trace levels of pesticides were found (at
concentrations between 100 and 4000 times below drinking water
guidelines).
The first multiport bore was fire damaged in 1994 and rendered
inoperable. Routing sampling of the multiport bores in 1995 was
therefore restricted to the second multiport bore. The samples were
analysed by the Chemistry Centre for nutrients and heavy metals.
Results showed traces of heavy metal at concentrations below drinking
water guidelines.
4.2.2 Investigations Undertaken by the City of Gosnells (1992 to present)
In 1992 the City of Gosnells engaged Golder and Associates to perform
a Stage 1 study, the objective of which was to determine whether soils
and groundwater in the area had been contaminated as a consequence
of liquid waste disposal at the site. The study concluded that disposed
wastes had contaminated soils both on-site and to some extent off-site,
and contaminated the groundwater in the underlying shallow aquifer. A
copy of this report has been included as technical Appendix B.
Based on the results of the Stage 1 study, the City of Gosnells
commissioned a Stage 2 study with the following objectives:
to assess the nature and extent of soil and groundwater
El
contamination, and
to collect and analyse sufficient samples such that a management
El
plan for the site could be developed.
A copy of the Groundwater Technology report has been included as
technical Appendix C.
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The Stage 1 and Stage 2 investigations were conducted in accordance
with the Australian and New Zealand Guidelines for the Assessment and
Management of Contaminated Sites (reference ANZECC, (January,
1992)).
In the preparation of this CER, additional investigations were performed
by Sinclair Knight Merz and the Chemistry Centre in 1995 to determine:
the extent of the total lead and other total metal contamination in the
groundwater
the presence of pesticides, polyaromatic hydrocarbon, and VHC
contamination in the local and regional groundwater
the level of nutrients in the groundwater and drainage water
4.3 Assessment Criteria
The Australian and New Zealand Guidelines for the assessment and
management of contaminated sites (ANZECC, 1992) refer to two basic
approaches to dealing with contaminated sites. The first approach
involves a rigid adherence to a set of predetermined soil criteria. The
second approach relies on consideration of site specific data to derive
acceptance criteria which will ensure that public health and the
environment are protected. This second approach may involve the use
of modelling techniques including hydrogeological models and risk
assessment. Exposure scenarios are considered in the risk assessment.
The pre-determined criteria are typically used to screen the contaminant
concentrations. Site specific risk assessments are conducted if levels of
concern are found.
For this Consultative Environmental Review, soil results have been
compared with pre-determined criteria from ANZECC (January 1992),
Dutch (1990), and Dutch (1994). Groundwater results have been
compared with pre-determined criteria from:
NHMRC (1994)
Environmental Protection Authority (1993), Bulletin 711
ANZECC (November 1992)
Dutch (1990)
Drainage water results of have been compared with the pre-determined
criteria as well as results from surveys of the Swan-Canning estuarine
system ie:
Environmental Protection Authority (1993), Bulletin 711
ANZECC (November 1992)
Wong and Morrison (1994)
Donohue et al (1994)
0 Thurlow et al (1986)
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4.4 Soil Contamination
As stated in Section 4.2, a number of investigations have been performed
with the objective of determining the nature, level, and extent of
contamination at the former liquid waste disposal facility. This section
presents a summary of the contamination identified.
4.4.1 Historical Data
There is no historical data available on the level and extent of soil
contamination at the Site. Available data is restricted to investigation by
Golders and Associates in 1992 and by Groundwater Technology in
1994.
4.4.2 Current Contamination
The most comprehenive soil investigation is presented in Groundwater
Technology (1994). A summary of the contamination identified by this
study is presented in diagrammatic form in Figure 9 - Location of Soil
Contamination. The figure shows areas in which contamination exceeds
ANZECC (January 1992) environmental investigation levels or Dutch "B"
health risk criteria.
This information has been presented in Table 4.1 - Summary of Lagoon
Area Soil Contamination and Table 4.2 - Summary of Adjacent Soil
Contamination. The lagoon area' refers to the area covered by the
former liquid waste disposal lagoons whilst the "adjacent area' refers to
that area which immediately surrounds the lagoons.
The investigation shows that metals, petroleum hydrocarbons,
monoaromatic hydrocarbons (BTEX), and sulphate are the main
contaminants which are in excess of regulatory thresholds, as presented
in Table 4.3 - Soil Contamination.
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Table 4.1 - Summary of Lagoon Area Soil Contamination (1)
Chemical Group
Metals
Petroleum Hydrocarbons

Detected but Below Criteria
cadmium, cobalt, manganese, mercury,
mo,bdenum. arsenic

chromium, copper, lead, rrickel, zinc

copper, zinc

C6 - C9. C - C

C -C

no criteria

ethyl benzene, xylenes

xylenes

(2)

nil

no criteria

dielddn. DDT and metabolites, chlordane

chlordane, DDD

Monoaromatic Hydrocarbons
Potyaromatic Hydrocarbons
Organochlorirre Peslicides
Organophosphorus Peslicides

NOT DETECTED

Polychlorinated Biphenyls

NOT DETECTED

Phenols

NOT DETECTED

Volatile Halogenoted
Compounds

*

(0

Exceeds ANZECC Investigation or Dutch B Exceeds Dutch Intervention

methylene chloride, trichioroethylene,
tetrachloroeihytene, dichlorobenzene

nil

Exceeds Victorian EPA

C10 - C. 0 5 -

nil

nil

All concentration data taken from Groundwater Technology (1994)
Detected compounds include: naphthalene, fluorene, phenanthrene, and pyrenes. Detected compounds for which ANZECC and
Dutch criteria are not established comprise: acenaphthy!ene, acenaphthene, fluorene, pyrene
Petroleum hydrocarbons only

Table 4.2 - Summary of Adjacent Soil Contamination ("
Chemical Group

Detected but Below Criteria

Exceeds ANZECC Investigation or Dutch B Exceeds Dutch Intervention
lead

arsenic, cadmium, chromium, copper,
manganese, nickel, zinc

Heavy Metals
Petroleum Hydrocarbons

C6 - C. 010 - C14

015

- 028. C28 C35
NOT DEIECTED

Monoaromatic Hydrocarbons
Polyaromatic Hydrocarbons
Organochloñne Pesticides

(2)

nil

no critea

dieldfn, metabolites of DDT

nil

nil

Organophosphoius Pesticides

NOT DEtECTED

Potychiorbated Biphenyls

NOT DEIECTED

Phenols

NOT DEtECTED

Volatile Halogenated
Compounds

NOT ANALYSED

*

0

nil

All concentrations taken from Groundwater Technology (1994)
Detected compounds comprise: naphthalene, benzo[b]flouranthene, benzo[a]pyrene, indeno[1 ,2,3-cd]pyrene
Petroleum hydrocarbons only

Exceeds Victorian EPA

Group

Max.
Conc.
(mg/kg)

Chemical

Guidelines
Env. (1) Health (2)
(mg/kg)
(mg/kg)

Ratios
Env.
Health
(mg/kg)
(mg/kg)

M eta Is
arsenic
cadmium
chromium
cobalt
copper
lead
manganese
mercury
molydenum
nickel
zinc
Petroleum Hydrocarbons (3)
C6-C9
C10-C14
C15-C28
C29-C36
Monoaromatic Hydrocarbons
benzene
toluene(3)
ethyl benzene(3)
xylenes (total)
OC Pesticides
chlordane(4)
dieldrin
DDT(5)
TOTAL OC Pest.
PCBs
OP Pesticides
Phenols
PAH5(6)
TOTAL PAHs
VHCs(4)(6)
methylene chloride
trichloroethene
tetrachlorethene
dichlorobenzene

17.4
3
89
14
325
225
90
0.8
6
130
1990

20
3
50
NE
60
300
500
1
NE
60
200

30
5
250
50
100
150
NE
2
NE
100
500

72
538
3994
2343

100
500
1000
NE

NE
NE
1000
1000

ND
4.2
5.8
26.4

1
3
5
7

0.5
3
5
5

0.5
1
5
0.5
0.14
0.2
1
4
0.5
2.141
NE
1
NOT DETECTED(<0.1 mg/kg)
NOT DETECTED (<1 mg/kg)
NOT _DETECTED_(<0.5 <1 mg/kg)

<1
1
-1

<1
<1
<1
<1

<1
<1
<1

<1

-

-

-

1'
<1

-

-

-

-

-

I

<1
<I
<1

--

<1
-,

-

4.1

NE

20

-

-

0.73
0.23
2
20

20
60
4
30

5
5
5
1

<1
<1
<1
<1

<1
<1
<1
20

20500

2000

NE

—I'

-

<1

(o),(m),(p)

I no rgan ics
sulphate

1

-

Except where otherwise indicated, environmental guidelines based on ANZECC (1992)
Except where otherwise indicated, health guidelines based on Dutch "B" (1990)
Guidelines based on EPA Victoria
Guidelines from draft Dutch "Intervention" criteria (1994)
Including metabolites DDE and DDD
A complete list is presented in Groundwater Technology (1994)
All concentration data taken from Groundwater Technology (1994)
NE denotes no criteria established
ND denotes not detected
Ratio = Maximum Concentration ~ Guideline Concentration
---(,Jindicates that maximum concentration exceeds
guideline concentration
Table

Title

SINCLAIR KNIGHT MERZ
SOIL CONTAMINATION

SOUTHERN RIVER CER

(lagoons and adjacent area)

4.3

4.4.3 Extent of Soil Contamination
The extent of the soil contamination as defined by Groundwater
Technology (1994) is as follows:
0 the majority of the soil contamination is confined to the lagoon area
there is hydrocarbon contamination to a distance of approximately
50 to 150 m east of the lagoons
there are low levels of sulphate contamination approximately 50 m to
the west of the lagoons
soil contamination is relatively shallow and does not extend more
than 1 m below the winter water table at concentrations which
exceed guidelines with the exception of sulphate
4.5 Groundwater Contamination
4.5.1 Historical Data
The section presents the historical data collected by the Geological
Survey and Health Department as summarised in Section 4.2.1. All data
is presented in chrohological order. Where applicable, reference has
been made to the soak and bore locations presented in Figure 10 Groundwater, Surface Water, and Drainage Water Sample Locations.
1982 - Hirschberg: High levels of phosphorus (12 mg/L) and
ammonia (82 mg/L) were recorded in a well located just outside the
compound.
1985 - GSWA: Two multiport bores (MPB 1 and MPB 2) were
installed and samples analysed for major ions and nutrients.
Maximum concentrations recorded were 1.7 mg/L phosphorus (total)
and 3.2 mg/L ammonia nitrogen. The location of the two multiport
bores is presented in Figure 10.
1987 (January) - GSWA: The two multiport bores were resampled
for major ions and nutrients. Maximum concentrations recorded
were 0.52 mg/L phosphorus (total) and 8.2 mg/L ammoniacal
nitrogen.
1987 (August) - GSWA: The two multiport bores were resampled for
major ions and nutrients. Maximum concentrations recorded were
0.67 mg/L phosphorus (total) and 3.1 mg/L ammoniacal nitrogen.
1990 - GSWA: A series of 5 private bores and 3 soaks located
around the Site at distances up to 1 km were sampled and analysed
for heavy metals and pesticides in addition to major ions and
nutrients. Results of the heavy metal and pesticide analysis showed:
elevated levels of metals (1.2 mg/L arsenic, 0.015 mg/L
cadmium, 4 mg/L chromium, 0.51 mg/L lead) in the multiport
bore
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undetectable levels of arsenic and cadmium in the private bores
and soaks
chromium levels which exceeded NHMRC (1994) drinking water
guidelines (assuming chromium present as Cr VI) in 2 private
bores
lead levels at or below NHMRC (1994) drinking water guidelines
(0.01mg/L) in the private bores.
lead levels of 0.02 mg/L in the soak SW2
traces of chlordane and dieldrin in the multiport bore and
private bores but at concentrations which were 15 to 150 times
below NHMRC (1994) drinking water guidelines.

The maximum ammoniacal nitrogen concentration in the multiport
bore was 7.7 mg/L. Concentrations in the private bores and soaks
were typically 0.15 to 1.3 mg/L although a result of 10 mg/L was
recorded in a soak approximately 1 km to the north west of the Site.
The 1990 analytical report concluded that:
mercury was not detected in any of the samples, despite
special sampling and preservation techniques
lead and cadmium (at any significant concentrations) were
found in the monitoring bore only
1991 - GSWA: Samples collected from the multiport bores in 1991
were analysed for major ions, nutrients, and heavy metals. Results
showed:
cadmium and lead concentrations which exceeded NHMRC
1994 guidelines by 2 and 4 times respectively
chromium concentrations which were below NHMRC 1994
guidelines
a maximum ammoniacal nitrogen concentration of 1.9 mg/L
a maximum total phosphorus concentration of 0.48 mg/L
1991 - HDWA: Samples were collected and analysed from the
multiport bores. Results showed:
no trace of aliphatic or aromatic hydrocarbons
traces of polycyclic aromatic hydrocarbons at concentrations
approximately 25 times below Dutch B criteria
trace levels of pesticides ie aldrin, chlordane, DDT, dieldrin,
heptachior; the concentrations were 100 to 4000 times below
the NHMRC guidelines.
1992 (April) - HDWA: Samples collected from the multiport bores
were analysed for nutrients. Results showed:
a maximum ammonia concentration of 5.9 mg/L
-
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4.5.2 Summary of Findings from the Stage 1 and 2 Investigations
The groundwater investigation performed by Golders and Associates as
part of the Stage 1 Investigation comprised the collection of samples
from the multiport bores and additional bores which had been
constructed around the perimeter of the Site. Samples were collected
and analysed for major ions, nutrients, metals, pesticides, and PAHs.
The main groundwater findings from the investigation are:
a maximum ammoniacal nitrogen concentration of 36 mg/L and a
maximum phosphate concentration of 0.06 mg/L in the Site bores
a maximum ammoniacal nitrogen concentration of 5 mg/L in the
multiport bore adjacent Matison Road (MPB1)
levels of arsenic, nickel, and lead in the groundwater at the Site
which were in excess of drinking water guidelines
levels of arsenic, and barium in the multiport bore adjacent Matison
Road which were above drinking water guidelines
no trace of pesticides were detected in either the Site bores or the
multiport bore (detection limit was 0.001 mg/L)
no polycyclic aromatic hydrocarbons (PAHs) were found in the
multiport bore
The Stage 2 investigation performed by Groundwater Technology in 1994
included the collection of samples from private bores in the kennel zone
as well as from additional multipiezometer bores which were constructed
around the site's perimeter. The main findings of the report were:
a maximum ammoniacal nitrogen concentration of 20 mg/L and a
maximum phosphate concentration of 0.95 mg/L in the bores around
the Site
a maximum ammoniacal nitrogen concentration of 1.6 mg/L and a
maximum phosphate concentration of 1.1 mg/L in the kennel zone
bores
levels of nickel and zinc in the groundwater around the Site which
were in excess of drinking water guidelines
levels of lead in the kennel zone groundwater which were up to 9
times drinking water guidelines
0 traces of petroleum hydrocarbons were found in the Site bores but
not in the private bores
benzene was found in the Site bores at concentrations which exceed
drinking water guidelines but was not detected in the private bores
PAHs, pesticides, polychiorinated biphenyls (FOBs), and phenols
were not detected in the Site bores
volatile halogenated compounds were detected in the Site bores ie:
vinyl chloride was detected (0.002 mg/L) at concentrations
which exceed NHMRC (1994) drinking water guidelines by a
factor of 7
dichloroethene and chlorobenzene were detected but at
concentrations which were significantly below drinking water
guidelines
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4.5.3 Summary of Findings from the Additional Investigations
The objective of the first investigation performed by Sinclair Knight Merz
in April 1995 was to determine the extent of the lead contamination and
the level of nutrients in the groundwater and drainage water. This was
accomplished by sampling from private bores and drains up to
1,500 metres from the Site. The main findings of this investigation are as
follows:
lead levels were detected in the private bores but at concentrations
which were below drinking water guidelines and which were 10 to 15
times below the Groundwater Technology (1994) results
lead was detected in the drainage water at levels which were
comparable with other urban drains
drainage water discharged to the Forrestfield Main Drain from the
Site and via the kennel zone appears to increase the levels of
ammoniacal nitrogen in the main drain but has no significant effect
on the levels of phosphate
the levels of ammonia and phosphate detected in groundwater
beneath the kennel zone were comparable with the earlier results of
Groundwater Technology (1994)
The objective of the second investigation performed by Sinclair Knight
Merz and the Chemistry Centre in August 1995 was to clarify the
variability in the lead results (a range of 8 other heavy metals were also
analysed). In addition, samples were collected from the same Site bore
which registered vinyl chloride in the Groundwater Technology study. In
this investigation the Chemistry Centre supervised the collection of all
samples and performed all analyses with the exception of the vinyl
chloride. The main findings of this investigation are as follows:
lead was detected in the groundwater but at concentrations which
were below NHMRC drinking water guidelines - the concentrations
were comparable with the May 1995 results by Sinclair Knight Merz
other metals were detected at elevated concentrations but below
drinking water guidelines including arsenic, barium, cadmium,
chromium, nickel and zinc
4.5.4 Contamination of Groundwater in the Vicinity of Site
This section refers to the groundwater within approximately 300 metres of
the Site and includes the groundwater sampling bores at the perimeter of
the lagoons and the multiport bores to the east. Results presented in this
section are based on Chemistry Centre (1995) and Groundwater
Technology (1994).
Findings from these reports have been summarised and presented in
tabular form in Table 4.4 - Summary of Lagoon Area Groundwater
Contamination. The table presents a summary of the range of chemicals
which exceed the relevant drinking water, irrigation, and livestock criteria
(where available).
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The testwork performed by Groundwater Technology, the Chemistry
Centre, and Sinclair Knight Merz shows that the main contaminants in the
groundwater beneath the site are metals, monoaromatic hydrocarbons,
and nutrients as shown in Table 4.5 - Lagoon Area Groundwater
Contamination.
Testing for vinyl chloride was undertaken in laboratories in WA and
Victoria. No vinyl chloride results could be obtained due to limitations of
the testing equipment and because of the compound's volatility and
instability.
In the course of sampling the multipiezometer bores, a black 'oily sludge'
with a distinct and strong hydrocarbon odour was encountered in the
MP2 bore. This oily material appears to be similar to that encountered in
the Groundwater Technology (1994) drilling logs. Samples of the
groundwater which was contaminated with the oily material were
collected and analysed for monoaromatic hydrocarbons and aliphatic
hydrocarbons. A summary of the results is as follows:
benzene was detected at a concentration of 1.4 pg/L, ethyl benzene
D
at 1.2 jiglL and aliphatic hydrocarbons at 13.6 ig/L (the NHMRC,
1994 guideline for benzene and ethyl benzene is 1 and 300 pg/L
respectively - no guideline has been established for aliphatic
hydrocarbons)
the organic compounds detected in the groundwater sample were
primarily 'terpene' type natural compounds eg camphor and
eucalyptol
other organic compounds detected include naphthalene,
dihydromethyl naphthalene, heptenylbenzene, and sulphur
The analytical report stated:
'Camphor, eucalyptol and the other terpenes found are naturally
occurring materials of plant origin. Naphthalene and the
dihydromethylnaphthalenone and also heptenylbenzene can be
found in plants. All these compounds are present in the water
sample at very low concentrations and would not be of any
concern.
4.5.5 Contamination of the Regional Groundwater
All results presented in this section are based on Sinclair Knight Merz
(1995), Chemistry Centre (1995), and Groundwater Technology (1994).
The sample locations used by Sinclair Knight Merz (1995) and Chemistry
Centre (1995) are presented in Figure 10 - Groundwater, Surface Water,
and Drainage Water Sample Locations. The analytical results from
Chemistry Centre (1995) along with the metal and nutrient results from
Sinclair Knight Merz (1995) have been presented in Table 4.6 - Metal
Contamination in Groundwater.
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Analytical results from Groundwater Technology (1994) form part of
Appendix C whilst the FOB, OC Pesticide, and PAH results from Sinclair
Knight Merz (1995) have been presented in Appendix D.
A summary of the regional groundwater contamination has been
presented in tabular form in Table 4.7 - Summary of Regional
Groundwater Contamination. This table presents a summary of the range
of chemicals which exceed the relevant drinking water, irrigation, and
livestock guidelines.
The testwork performed by Sinclair Knight Merz and the Chemistry
Centre shows that the main contaminants in the regional groundwater are
metals and nutrients as shown in Table 4.8 - Regional Groundwater
Contamination.
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Table 4.4 - Summary of I.agoon Area Groundwater Contamination (inc. multiport bores)
Chemical Group
Metals
Petroleum Hydrocarbons

Exceeds Drinking Water Guidelines

Exceeds Irrigation
Guideline&3>

Exceeds Livestock
Guidellnes°

ba&irrt copper, zinc

arsenic, cadmium chromium, nickel, lead, zinc

arserrle, chrorrium, zinc

Ni

no criteria

no criteria

no criteria

benzene, toluene

no criteria

no criteria

no criteria

no criteria

06 -

Monoaromatic Hydrocarbons

0

Detected but Below Drinking Water
Guidelines2>

C. C - 014 C 5 - C28

ethyl benzene, xylenes

Poll/aromatic Hydrocarbons

NOT DETECTED

Organochlorine Pesticides

NOT DETECTED

Organophosphorus Pesticides

NOT DETECTED

Po!ychbinated Biphenyts

NOT DETECTED
NOT DETECTED

Phenols
Volatile Halogenated
Compounds

dichloroethylene, chloroberrzene

nil

AU concentrations taken from Groundwater Technology (1994) except where indicated otherwise
Drinking water guidelines based on NHMRC (1994)
Irrigation and livestock guidelines based on ANZECC (1992)
Metal concentrations taken from Chemistry Centre (1995)

Group

Max. Conc.

Chemical

(mg/L)

Guidelines
Drinking" Irrigation (2 Stock (3)
(mg/L)
(mg/L)
(mg/L)

Ratios
Drinking Irrigation Stock
(mg/L)
(mg/L)
(mg/L)

Metals
arsenic
barium
cadmium
chromium
copper
lead
manganese
nickel
zinc (4)
Petroleum Hydrocarbons
C6-C9
C10-C14
C15 C28
C29-C36
Monoaromatic Hydrocarbons
benzene
toluene
ethyl benzene
xylenes
PAHs
OC Pesticides
OP Pesticides
PCBs
Phenols
VHCs (5)
vinyl chloride
1,2 dichloroethene
chlorobenzene
N utrients
ammonia N (4)
phosphate - P
-

-

0.032
0.15
0.0009
0.12
0.021
0.026
<0.002
2.84
1.49

0.007
0.7
0.002
0.05
1.5
0.01
0.5
0.02
3

0.1
NE
0.01
0.1
0.2
0.2
2
0.2
2

0.5
NE
0.01
1
0.5
0.1
NR
1
20

Trace
1.1
3.4
ND

NE
NE
NE
NE

NE
NE
NE
NE

NE
NE
NE
NE

<1

-

<1
<1

<1

-

<1

-

<1
<1
<1
<1

<1

<1
<1

-

-

-

<1

<1

<1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

________

0.009
0.001
NE
NE
0.316
0.8
NE
0.005
0.3
0.004
0.6
NE
NOT DETECTED (<0.001 mg/L)
NOT DETECTED (< 0.001 <0.005 mg/L)
NOT DETECTED (< 0.01 mg/L)
NOT DETECTED (< 0.001 mg/L)
NOT DETECTED (< 0.001 <0.5_mg/L)

NE
NE
NE
NE

<1
<1
<1

-

-

0.002
0.001
0.006

0.0003
0.06
0.3

NE
NE
NE

NE
NE
NE

<1
<1

20
2.1

0.5
NE

NE
NE

NE
NE

-

Drinking water guidelines based on NHMRC (1994)
Irrigation water guidelines based on ANZECC (1992)
Stockwater guidelines based on ANZECC (1992)
NHMRC criteria for zinc and ammonia are aesthetic values only
Refer to Groundwater Technology (1994) for a complete list of the VHCs tested
Concentration data taken from:
metal maximum concentrations taken from Chemistry Centre (1995)
all other maximum concentrations taken from Groundwater Technology (1994)
NE denotes no criteria established
ND denotes not detected
Ratio = Maximum Concentration ~ Guideline Concentration
-(SI indicates that maximum concentration exceeds guideline concentration

Table
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LAGOON AREA GROUNDWATER CONTAMINATION
(includes results from the multiport bores)
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Sample
ID
As
mg/L
GW1
GW2
GW3
GW4
GW5a
GW5b
GW6
GW7
GW8
GW9
GW10
GW11
GW12
GW13

Ba
mgIL

0.0006

Cd
mg/L

0.09 <0.0005

CHEMISTRY CENTRE, 1995
Total
Cr
Cu
Ni
mg/L
mg/L
mg/L

0.012 <0.0005

________
Z
Pb Se
L
mg/L

0.002 <0.0005

<0.005

-

<0.005

0.02 <0.0005
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0.001 <0.0005

<0.005

0.02 <0.0005

-

0.002
0.002

0.0077
0.0058

<0.005
<0.005

<0.02
0.02

0.0051
0.0043

66
74

0.033

0.0033
0.0054
0.0048

0.001
0.003
0.002

0.0015
0.0059
0.003

<0.005
<0.005
<0.005

0.02
<0.02
0.02

0.0008
0.005
0.003

53
85
100

0.007
0.007
<0.001

0.003 <0.0005 0.0084
0.04 <0.00051 0.0029
0.22
'III'?
0.91
0.14 <0.001

0.0085
0.004
0.019
0.014

0.008
0.008

•

0.0017
s • •

0.016

II

<0.005
<0.005
<0.005
<0.005

0.13
0.15
0.46
0.25

0.0087
0.0009
0.0014
0.001

0.01
0.1
0.15
0.03
0.12
0.082
0.028
0.11
0.12
0.006
0.08
0.14

0.003
0.002
0.0034
0.011
0.0021
0.011
0.018
0.0016
0.014
0.0067
0.002
0.0061

0.021 0.0014
0.001 <0.0005
0.004 0.0041
0.0031
0.008 0.0026
0.016
II :

<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

0.72
<0.02
0.02
0.02
<0.02
0.12
7
<0.02
0.12
0.03
<0.02
0.04

0.0013
0.0008
<0.0005
0.0008
<0.0005
0.0021
0.002
<0.0005
0.0005
<0.0005
<0.0005
<0.0005

0.01
0.02
0.02

NE
20
2

0.027

0.004

0.005

0.005

<0.005

0.099

<0.001

0.015

<0.001

0.003

0.003

<0.0005

0.06 <0.0005

0.029

0.0046

SW1
SW2
SW3

0.00019
0.0009

0.005 <0.0005
0.008 <0.0005

0.0028
0.0023

0.0034
0.0059

DW1
DW2
DW3

Q.0013
0.0042
0.0018

0.027 <0.0005
0.014 <0.0005
0.04 <0.0005

0.0019
0.0037
0.0034

MP1-S
MP1-M
MP1-D
MP2-S
MP2-M
MP2-D
MP3-S
MP3-M
MP3-D
MP4-S
MP4-M
MP4-D

<0.02 <0.0005
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<0.001

MPB1-BK
MPB2-RD
MPB2-G
MPB2-BL

Dissolved
% of
Pb
Total
mg/L

0.0009

0.072

O

Zn
mg/L

<0.02

0.005

Distance
SKM (4)
Total
Nutrients
from Site
Pb
NH3-N PO4-P
mg/L
m
1,289
<0.001
792
<0.001
1,565
<0.001
1,371
0.003
1,494
<0.005
1,536
<0.005
1,338
0.005
1,009
0.006
868
0.6
0.004
1.1
1,270
0.006
0.004
693
535
0.006
<0.05
0.25
433
0.003
1,316
<0.001
0.2
<0.05

.1 -

0
I

•

0.0007
0.0007
0.0043

eI*
0.0079
0.003
0.0011

.X.I.I:!:
0.0037
0.0014
0.0045

0.007
0.5
0.1

0.7
NE
NE

<0.0005 0.0068
<0.0005 0.0014
<0.0005 JjjML1JL1JM
<0.0005
0.012
<0.0005 0.0073
<0.001
0.026
0.0009
0.04
<0.0005 0.0025
I
<0.0005
<0.0005
0.018
<0.0005 0.0027
II:
<0.0005
0.002
0.01
0.01

0.05
1
0.1

1.5
0.5
0.2

I1

•

0.006 <0.0005

X.J

4

I$

0.016 0.0035
0.003 <0.0005
0.006 0.0072
0.02
1
0.2

0.01
0.1
0.2

'

30
33
183
20
15
12
30
30
15
2-30
21
15
12-27
30
0
0
0

1810
640
1330

0
0
0

79
53
3
8

250
160
160
160

5
10
25
35

93

0
0
0
0
0
0
0
0
0
0
0
0

3
14
32
3
13
41
3
12
32
3
13
40

<0.05
4.2
0.6

0.45
0.4
0.45

12
26
19
12
8

4
14

7

Denotes concentration which exceeds
NHMRC (1994) drinking water guidelines

II

m

1330
460
480

<0.001

0.0057

Bore
Depth

NE
GW
DW
SW
MPB
MP
RD
G
B
S
M
D,

No guidelines established
Groundwater
Drainage water
Surface water
Multiport bore
Multipiezometer bore

'

Red
Green
Blue
Shallow
Medium
Deep

As
Ba
Cd
Cr
Cu
Ni
Pb
Se
Zn

Arsenic
Barium
Cadmium
Chromium
Copper
Nickel
Lead
Selenium
Zinc

NH3-N
PO4-P

Ammonia nitrogen
Orthophosphorus

Notes
Drinking water guidelines
based on NHMRC 1994
Stock water guidelines
based on ANZECC (1992)
Irrigation water guidelines
based on ANZECC (1992)
Sinclair Knight Merz (1995)
Sampling locations are presented in Figure 10

0.01 Drinking water guideline
0.1 Stock water guideline
0.2 Irrigation water guideline
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Table 4.7 - Summary of Regional Groundwater Contamination
Chemical Group
Metals (3)

z

G)

Detected but Below Drinking Water
Gtjldelines°'
barium, cadmium, chrorilum, copper,
nickel, lead, zinc

Exceeds Drinking Water Guidelines

Exceeds Irrigation
GuIdeIines 2

Exceeds Livestock
Guldeline&2

arsenic

nil

nil

no crIteria

no criteria

Petroleum Hydrocarbons

NOT DETECTED

Monoaromatic Hydrocarbons
Nuirienls (4)

NOT DETECTED
ammonia, phosphate

no crIteria

Polyaromatic Hydrocarbons

NOT DETECTED

Organochletne Pestlddes

NOT DETECTED

Organophosphorus Peslicides

NOT ANALYSED

Po!ychlatnated Biphenyls

NOT DETECTED

Phenols

NOT ANALYSED

Vatatile Halogenated
Compounds

NOT DETECTED

Drinking water guidelines based on NHMRC (1994)
Irrigation and livestock guidelines based on ANZECC (1992)
Metal concentrations taken from Chemistry Centre (1995)
Petroleum hydrocarbon, monoaromatic hydrocarbon, and nutrient concentrations taken from Groundwater Technology (1994)
Polyaromatic hydrocarbons, organochlorine pesticides, polychlorinated biphenyls and volatile halogenated compounds taken
from Sinclair Knight Merz (1995)
Note:

A.

"Regional Groundwater" refers to private bores and soaks sampled with a 1.5 to 2 km radius of the Site. It does not
include the Site itself.

Group

Max. Conc.

Chemical

(mg/L)

Guidelines
Drinking'" Irrigation (2 Stock 0)
(mg/L)
(mg/L)
(mg/L)

Ratios
Drinking Irrigation Stock
(mg/L)
(mg/L)
(mg/L)

Metals
arsenic
barium
cadmium
chromium
copper
lead
mercury
nickel
zinc
Petroleum Hydrocarbons
Monoaromatic Hydrocarbons
PAH5 (5)
OC Pesticides (5)
PCBs (5)
VHCs (5)
Nutrients
ammonia - N
phosphate P

0.02
0.007
0.1
0.099
0.7
NE
<0.001
0.002
0.01
0.029
0.05
0.1
0.0046
1.5
0.2
0.005
0.01
0.2
<0.001
0.001
0.002
0.005
0.02
0.2
0.02 - 3
2
NOT DETECTED (< 1 mg/L)
NOT DETECTED (< 1 mg/L)
NOT DETECTED (< 0.0005 mg/L)
NOT DETECTED (<0.0002 mg/L)
NOT DETECTED (<0.0002 mg/L)
NOT DETECTED (< 0.005 mg/L)
1.6
0.4

-

0.5
NE

NE
NE

-

0.5
NE
0.01
1
0.5
0.1
0.002
1
20

NE
NE

<1

<1

<1

-

-

-

-

-

<1
<1
<1

<1
<1
<1

<1
<1
<1

-

-

-

<1
<1

<1
<1

<1
<1

-

-

-

Drinking water guidelines based on NHMRC (1994)
Irrigation water guidelines based on ANZECC (1992)
Stockwater guidelines based on ANZECC (1992)
NHMRC criteria for zinc and ammonia are aesthetic values only
A complete list is presented in Sinclair Knight Merz (1995)
Concentration data taken from:
metal maximum concentrations taken from Chemistry Centre (1995) with
the exception of mercury which was taken from Groundwater Technology (1994)
petroleum hydrocarbons, monoaromatic hydrocarbons, and nutrients
taken from Groundwater Technology (1994)
PAHs, OC Pesticides, PCBs, and VHCs taken from Sinclair Knight Merz (1995)
NE denotes no criteria established
ND denotes not detected
Ratio = Maximum Concentration ~ Guideline Concentration
1.1indicates that maximum concentration exceeds guideline concentration
-
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5. Environmental and Health Impacts
5.1 Overview
Based on the nature, level, and extent of the contamination described in
Chapter 4 and the proposed use of the land, the following potential
environmental and health impacts have been identified as well as risks
associated with future developments.
5.1.1 Potential Environmental Impacts
Environmental risk to surrounding vegetation associated with
contaminated runoff from the lagoon area.
Environmental risk to surrounding vegetation associated with the
metal and nutrient contamination of the regional groundwater.
Environmental risk to the Southern River caused by the ingress of
nutrients via groundwater and drainage water.
Environmental risk to Balannup Lake caused by high nutrient levels
in groundwater.
5.1.2 Potential Health Risks
Use of groundwater for drinking purposes.
Use of groundwater for irrigation and livestock.
Exposure to contaminated soil.
Exposure to contaminated surface water.
Generation and accumulation of methane beneath the Site.
The presence of unknown toxic material associated with metallic
objects beneath the Site.
5.1.3 Risks Associated with Future Development
Future residential development. Risks include activities which may
affect contaminant migration (eg sub-soil drainage and reticulation
bores) and health risks associated with the use of groundwater for
drinking and reticulation.
Future development of existing rural lots. Risks are as above but
include health risks associated with a more diverse range of
groundwater uses such as crop irrigation and stock watering.
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5.2 Potential Environmental Impacts
5.2.1 Surface Water Runoff from the Lagoon Area
A review of the Site topography does not suggest that rainfall will result in
any significant quantity of runoff from the Site into the adjacent banksia
woodland area ie:
approximately half of the lagoons on the Site are intact with the
remaining half having been filled to some extent - the majority of
water will therefore be contained on the Site
the Site itself is formed from high permeability Bassendean Sands as
is the surrounding area
a fire break has been established around the perimeter of the Site the break has been cleared of all vegetation and is approximately
3 metres wide
There is evidence of an old drainage path to the east of the Site. A
review of the site history and of aerial photographs suggests that this
drainage path is a result of a breach in the lagoon walls. There is no
indication that the drainage paths are the result of frequent surface water
runoff from the lagoon area.
5.2.2 Effects of Groundwater Contamination on the Surrounding
Vegetation
A review of aerial photographs shows that in 1978 (approximately 3 years
before the Site's closure), the majority of the area around the Site to a
distance of at least 500 metres had been cleared. The only exceptions
were two pockets of banksia woodland on the lot to the east of the Site
ie:
an area of banksias approximately 300 metres by 125 metres on the
northern half of the lot, and
a small pocket of banksias approximately 100 metres by 100 metres
on the south eastern corner of the lot.
As of 1995, the land to a radius of approximately 500 m from the Site has
the following general uses:
to the north west the land is cleared and is used for the grazing of
horses and cattle
ci to the west, south and east of the site the land is not utilised and
comprises banksia woodlands with melaleuca in the lower lying
areas
to the north and north west, the land is cleared and is used by polo
ci
club and a deer farm respectively
As stated in Section 4.5, the main groundwater contaminants are
nutrients and metals.
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The highest nutrient levels were found at the Site and in the multiport
bores to the east of the Site (Groundwater Technology 1994, Office of
Waste Management, 1995). The maximum nutrient concentrations found
were:
20 mg/L ammonia nitrogen and 6.1 mg/L phosphorus (present as
phosphate) at the Site and
4.4 mg/L ammonia nitrogen and 0.07 mg/L phosphorus (as soluble
reactive phosphorus) in the multiport bores
A review of the historical data presented in Section 4.5 shows that the
level of nutrients around the lagoon area has dropped from around
82 mg/L ammonia in 1982 to approximately 20 mg/L in 1994. However,
the level of ammonia in the multiport bores has remained relatively
constant since their construction in 1985 with ammonia nitrogen
concentrations ranging between 0.02 to 8.2 mg/L.
The highest metal concentrations were also found at the Site and in the
multiport bores. A review of the historical data shows that the highest
metal concentrations are chromium at 0.91 mg/L and lead at 0.5 mg/L.
These figures represent "total' concentrations and are based on an
unfiltered sample which includes dissolved metals as well as metals
which have become attached to sediments in the water sample.
The impacts of nutrients and metals on the nutrient sensitive banksia
woodlands is difficult to quantify as a bushfire swept through the Site and
surrounding area in 1994. However, it is noted that:
The banksia woodlands to the south and east of the Site have
regrown over the last 17 years following the clearing of these areas.
No regrowth of banksias has occurred within approximately 30
metres of the lagoon area of the Site. Nor has there been any
growth of banksias to the east and north of the Site to a distance of
approximately 200 metres although it must be emphasised that these
are lower lying areas and banksia growth is not necessarily to be
expected.
Anecdotal information provided by residents of the area indicates
that, whilst the Site was in operation, banksia trees died that were
within approximately 20 metres of the site. Residents reported that
the apparent effect of the Site on the banksias did not extend
beyond this distance.
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It is concluded that:
since the Site's operation, nutrient sensitive banksia woodland
appear to have been affected to a distance of at least 20 metres
from the lagoons
operations at the Site do not appear to have affected banksia
regrowth to the south and east of the Site
as the levels of ammonia in the groundwater at the Site are
decreasing, the environmental impact of the Site on the immediate
vegetation is also decreasing
Whilst the overall environmental impact cannot be quantified, available
data suggests that the impact is minimal. Notwithstanding the
anticipated minimal impact, it is proposed that a management strategy
be adopted to reduce the migration of nutrients from the Site.
5.2.3 Effects of Drainage and Groundwater on the Southern River
The stormwater drainage system in the area around the Site is such that
surface water in the vicinity of the Site will enter the Forrestdale Main
Drain via the stormwater system below the kennel zone and via the
seasonal water courses to the north of the Site. In addition, where the
water table rises, groundwater will enter the watercourses and drainage
ditches and thereby flow directly into the Forrestdale Main Drain.
The Forrestdale Main Drain discharges directly to the Southern River.
The potential effects of the contaminated groundwater on the Forrestdale
Main Drain and the Southern River relate to nutrients and metals.
5.2.3.1 Nutrients
The main nutrients are ammonia and phosphorus as shown in Table 5.1
(Groundwater Technology, 1994).
Other nutrient sources include nitrate, however levels of this chemical in
the regional groundwater are less than 0.2 mgIL. Inorganic nitrogen
levels (which comprise ammonia plus nitrate) are therefore restricted to
ammonia only.
Table 5.1 - Nutrient Concentrations
Orthophosphorus
(mg/I)

Ammonia
Nitrogen
(mg/I)

Nitrate Nitrogen
(mg/I)

Average in Site groundwater

0,52

13.2

<0.2

Average in Regional groundwater

0.1

1.4

<0.2
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As stated above, the nutrients in the ground and drainage water have the
potential to enter the Southern River via the Forrestdale Main Drain. The
levels of nutrients already in Southern River have been reported in Swan
River Trust (1994) for the period 1987 to 1992. Average concentrations
are included in Table 5.2 - Effects of Nutrients.
Other sources of nutrients in the area include fertilizers and septic
systems.
A large portion of the land around the Site is used for farming and
fertilizers such as superphosphate are used periodically. Farmers in the
area have indicated that they currently use superphosphate every three
or so years. However, because of the sandy soils a large percentage of
the fertilizer leachs into the groundwater and drainage water. Gerritse
(1990) has estimated that broad acre grassland in shires is given 30 to
40 kg Nitrogen per year per hectare and 5 to 10 kg Phosphorus per year
per hectare as fertiliser.
The residences around the Site - and the kennel zone in particular - are
unsewered and the septic systems will therefore be expected to
contribute to the level of nutrients in the groundwater. Data presented by
Gerritse (1990) indicates that nutrient concentrations in the unsewered
areas such as the Applecross peninsular typically average up to
0.09 mg/L orthophosphorus and up to 18 mg/L nitrogen (as nitrates).
Table 5.2 - Effects of Nutrients
Orthophosphorus
(mg/L)

Ammonia
nitrogen
(mg/L)

Nitrate
nitrogen
(mg/L)

Inorganic
nitrogen
(mg/L)

Regional groundwater

0.1

1.4

<0.2

1.4

Drainage water from kennel
zone

0.45

4.2

NA

4.2

Forrestdale MD - upstream of
Site

0.45

<0.05

NA

Forresdale MD - downstream
of Site

0.40

0.6

NA

>0.6

Groundwater in Applecross
Peninsular

0.09

NA

18

>18

Southern River

0.16

0.09

0.67

0.67

Note:
Figures for Applecross Peninsular taken from Gerritse, 1990 and
represent the maximum of the monthly averages recorded for
the period December 1993 to November 1985.
Assumes zero nitrate nitrogen. This assumption is based on
absence of nitrate in the regional groundwater figures.
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Review of the data in Table 5.2 highlights the following points:
The levels of orthophosphorus and inorganic nitrogen (ie ammonia
and nitrate) in the regional groundwater and the drainage water are
comparable with levels which would be expected in similar
unsewered areas in the metropolitan area - such as the Applecross
Peninsular.
The levels of orthophosphorus in the drainage water from the kennel
zone are approximately twice those of the Southern River but are
comparable with the levels already in the drainage water. The fact
that the Forrestdale Main Drain runs mainly through farming land
would suggest that fertilizers are the main source of phosphorus.
5.2.3.2 Metals
The main metal contaminant identified by Groundwater Technology
(1994) in the regional groundwater was lead. A summary of the lead
levels is presented in Table 5.3 below. Note that the concentrations
reported are totals' and comprise dissolved lead as well as metals which
are attached to any sediments in the water sample.
Table 5.3 - Lead in Groundwater
Lead (mg/L)
Average in Site Groundwater
Average in Regional Groundwater

Reference
Chemistry Centre (1995)

0.7
0.005 to 0.003

Sincldr Knight Merz (1995)
Chemistry Centre (1995)

Forrestdale MD - upstream of Site

0.001 5

Chemistry Centre (1995)

Forrestdde MD - downstream of Site

0(1)3

Chemistry Centre (1995)

Drainage water from Kennel Zone

0.59

Chemistry Centre (1995)

The concentrations of lead in the drainage water are significantly below or comparable with - those figures reported in urban drainage studies ie:
0.02 to 0.06 mg/L lead (Wong and Morrison, 1994)
0.004 to 0.027 mg/L lead (Thurlow et al, 1986).
Wong and Morrison (1994) reported the levels of lead found in drains
throughout the City of Canning whilst Thurlow et al (1986) reported on the•
levels of lead in six urban drains which discharge to the Swan-Canning
Estuarine system.
The mass rate of lead entering the Forrestdale Main Drain has been
estimated by assuming that:
35% of the annual rainfall enters the groundwater and then flows into
the Main Drain
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the groundwater flowing into the Main Drain is represented by the
average lead concentration in the regional groundwater.
These assumptions were used for preliminary assessment purposes to
determine if more detailed modelling is warranted. Based on these
assumptions the mass rate of lead entering the Main Drain is 0.1 kg per
hectare per year. Other sources of lead into the Main Drain comprise:
Precipitation. The estimated mass rate from rainfall in urban areas is
0.1 kg per hectare per year (Gerritse, 1990).
Traffic runoff. The estimated mass rate from runoff in urban areas is
1 kg per hectare per year (Gerritse, 1990).
The mass rates of lead entering the main drain are therefore comparable
with mass rates which would be expected from rainfall and traffic runoff
in urban areas.
The average total lead levels in the drainage water are marginally higher
than the guideline specified in the ANZECC WA Water Quality Guidelines
for Fresh and Marine Waters (EPA, 1993) of 0.001 to 0.005 mgIL. It is
therefore concluded that more detailed modelling is not warranted in view
of the level of environmental risk and the lack of data currently available
to undertake a reliable statistical evaluation.
5.2.3.3 Management of the Effects of Drainage Water on Southern River
It is concluded that:
whilst the nutrient concentrations in the drainage water are in excess
of levels in the Southern River, the concentrations are similar to other
unsewered areas in the metropolitan area as well as the Forrestdale
Main Drain
the level of lead in the drainage water is consistent with similar main
drains and only marginally higher than ANZECC guidelines
Based on the above conclusions, it is proposed that:
a moitoring programme be established to regularly assess the level
of nutrients and metals entering the Forrestdale Main Drain and
Southern River via the kennel zone drains, and
the source of contamination be managed so as to minimise
continued migration from the Site
5.2.4 Effects of Contaminated Groundwater on Balannup Lake
Balannup Lake is a melaleuca lowland which is located some 750 metres
to the south west of the Site. It forms one of the numerous wetlands of
the Swan Coastal Plain. Available nutrient data for Balannup Lake is
presented in Table 5.4 below. No data was available on the levels of
metals in Balannup Lake.
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Table 54- Balannup Lake
10-Aug-89 3-Nov-89 22-Aug-89

6-11-90

Ilneel

orthophosphorus (FRP)

70.7

613.4

15.0

133.9

total phosphorus

215.5

707.5

94.8

383.7

ammonia nitrogen

20.8

19.5

72.5

28.8

oxidised nitrogenZ

4.9

19.8

36.4

175.0

total nitrogen

2480

2404

1830

2170

1 CX) - 5(X)

chlorophyll a

2.4

1.6

0.8

1.3

2- 10

5-50

Notes:
all units in p.gIL
includes nitrate and nitrite
guidelines (EPA, 1993)
Review of the data presented in Table 5.4 indicates that both total
nitrogen and total phosphorus levels exceed the guideline concentrations
although chlorophyll "a" levels are relatively low. By comparison,
Forrestdale Lake which is approximately 3.5 km to the south of the site
has the following mean annual nutrient levels.
Table 5.5 - Forrestdale Lake
1989

1990

GuideIines3

193

159

5 -50

orthophosphorus (FRP)
total phosphorus

344

ammonia nitrogen
oxidsed nitrogen
total nitrogen

5245

4849

1 CX) - 5(X)

chlorophyll a

91.7

43.2

2 - 10

Notes:
all units in .tg/L
includes nitrate and nitrite
guidelines (EPA, 1993)
The linkage between any environmental impact on Balannup Lake and
groundwater contamination from the Site is uncertain. However,
management of the Site to reduce migration of contaminants (as outlined
in Sections 5.2.1 and 5.2.2) will also reduce the groundwater mounding
under the Site. Since Balannup Lake is south west of the Site and the
regional groundwater flow is to the north east, it is anticipated that the
reduction of the groundwater mound will also reduce the possibility of
contaminant migration in the direction of Balannup Lake.
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5.3 Potential Health Impacts
5.3.1 Use of Groundwater for Drinking Purposes
Houses within the kennel zone are connected to scheme water and
consequently do not use groundwater for drinking purposes. However,
households further north of the kennel zone as well as to the southwest of
the Site are not connected to scheme water and use a combination of
rainwater and groundwater for drinking purposes.
The closest household to the Site which uses groundwater for drinking
purposes is approximately 700 metres to the north east ie in the general
groundwater flow direction.
The history of groundwater testing throughout the area is presented in
Section 4.5 and the results of the 1995 testing are presented in
Table 4.6.
The results indicate that metals are the main contaminants in the regional
groundwater. Note that:
iron and aluminium are present at concentrations which exceed
drinking water guidelines but are considered to be typical of the
groundwater in the Southern River area
the Health Department of WA advises that groundwater in the
Southern River is unfit for human consumption and that, if required,
the water should be boiled. The HDWA's main concern is the level
of coliforms in the groundwater.
5.3.1.1 Metal Contamination
The main metal contaminants detected were arsenic, chromium, nickel,
and lead with the highest concentrations being recorded in the multiport
bores which are approximately 250 metres to the east of the Site. Metals
were not detected in any private bores, soaks, or drains at
concentrations above drinking water guidelines. However, arsenic was
found in a Water Corporation monitoring bore approximately 1,300 metres
to the south east of the Site at levels which were approximately 3 times
the recommended drinking water limit. In addition, it should be noted
that:
the Water Corporation monitoring bore is slotted over the full depth
of the aquifer whereas the construction of the domestic bores is not
known with certainty
a number of the bore results show metal levels (lead, chromium and
arsenic) above background concentrations but below drinking water
guidelines
The spread of the groundwater contamination which can be directly
attributed to the Site - as defined by the groundwater metal
concentrations which exceed drinking water guidelines - does not appear
to extend more than 500 metres from the Site. However, if the
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contamination identified by the Water Corporation monitoring bore is
included in this determination , the contamination may have already
extended more than 1,300 metres.
A review of the tests performed by Chemistry Centre (1995) and HDWA
(1990) suggests the following:
the highest metal concentrations are in the deeper sections of the
aquifer but significant concentrations are still present in the shallower
groundwater, drains, and soaks
sand in the deeper sections appear to adsorb lead and therefore
reduce its ability to move with the groundwater
The ability of the local sands to adsorb the metals combined with the
general dispersion of the groundwater indicates that the concentrations
of metals in the groundwater can be expected to reduce over time.
It should be noted that although lead and other metals can be adsorbed
by the sands in the area and their migration reduced, this does not
eliminate the health risk they pose. Small quantities of the contaminated
sand can be pumped to the surface with the groundwater and then
consumed in drinking water if the water is not settled or filtered.
5.3.1.2 Management
Any management of the contaminated groundwater must address three
main issues ie:
the management of the Site as the source of contamination
the notification of all current and prospective residents of the
potential risks, and
the management of the health risks to residents
To address these issues, it is proposed that:
the lagoon area of the Site be capped with clay (this is a procedure
often used to minimise the generation of "leachate" from landfills
following their closure) and cut-off walls constructed
all potentially affected residents be advised of the risks associated
with drinking the groundwater via notifications attached to their rate
bills (residents outside the City of Gosnells would be informed by
"letter drops timed to coincide with the rate bills)
drinking water be supplied to those residents within a defined area
around the Site who use the groundwater for drinking purposes and
where metal concentrations exceed drinking water guidelines
memorials which advise of risks associated with the use of the
groundwater for drinking purposes be placed on those properties
whose groundwater exceeds drinking water guidelines as a result of
activities on the Site
the placement of the memorial on title be negotiated with the
landowner
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These management strategies will be discussed in more detail along with
alternatives in Chapter 6.
5.3.2 Use of Groundwater for Irrigation and Livestock
The information collected by Groundwater Technology (1994), Sinclair
Knight Merz (1995) and Chemistry Centre (1995), as summarised in
Table 4.7, suggests that the groundwater contamination does not exceed
guidelines for irrigation water and stock water. Note that:
groundwater monitoring over an extended period is required to
provide confirmation of the current results
other chemicals and microorganisms in the groundwater not
associated with contamination from the Site may render the water
unfit for irrigation and livestock watering (eg high salinity, high
colour, and elevated iron and aluminium)
The only chemical of concern is chromium which is present in
concentrations of up to 0.9 mg/L in the monitoring bore MPB2.
Chromium exists in two main forms ie chromium III and chromium VI.
Chromium III is an essential trace element for humans and has an
irrigation guideline of 1.0 mg/L whilst chromium VI, which can have
harmful effects, has an irrigation guideline of only 0.1 mg/L.
If can be seen that if the chromium is present as chromium VI, the
groundwater in the area around the monitoring bores would be unsuitable
for irrigation.
Since the highest concentration of chromium in bores known to be used
for irrigation is 0.029 mg/L, it is proposed that this issue be managed by
incorporating tests for chromium III and, VI into the overall groundwater
monitoring programme.
5.3.3 Exposure to Contaminated Soil
The investigation by Groundwater Technology (1994) identified soil
contamination above regulatory thresholds both in the lagoon area of the
Site and some adjacent areas of the Site. These compounds represent a
potential health risk in terms of:
direct exposure to the contaminated soil
movement of windblown dust from the Site
future use of the site and adjacent land
The health risk presented by soil contamination in the lagoons will be
managed by the capping process which will prevent both direct
exposure and the movement of windblown dust. It is proposed that the
health risk presented by the contaminated soil outside the lagoon area
be managed by excavating soil and using this soil as fill during the
lagoon area capping process.
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5.3.4 Exposure to Contaminated Surface Water
During the winter months the groundwater table can rise and inundate
the lower lying areas around the Site - in particular those approximately
200 metres to the west of the Site. Groundwater samples taken from
soaks in'this general area show that the water contains levels of lead
which has in the past exceeded drinking water guidelines by a factor of
two to three (Geological Survey, 1990 and Sinclair Knight Merz, 1995).
The drinking water guideline for lead of 0.01 mg/L was determined by the
World Health Organisation (WHO) and is based on the following
assumptions:
the groups most at risk are young children, infants, and pregnant
women
a lead intake of 0.0035 mg/kg body weight does not increase the
blood lead concentration (based on metabolic studies with infants)
the average weight of a two year old child is 13 kg
the proportion of lead taken in via water consumption is 20% of the
overall lead intake (sufficient data are available to indicate that 80%
of intake is from food, dirt and dust)
the average amount of water consumed by a young child is 1 litre
per day
A review of these assumptions shows that the guideline lead
concentration assumes a regular water consumption of 1 litre per day. It
is considered highly unlikely that a young child or any of the risk groups
would regularly consume this quantity of surface groundwater per day particularly as the groundwater is relatively saline, highly coloured, turbid
(ie "muddy"), and has a distinct odour (ie hydrogen sulphide or "rotten
egg gas').
The health risk presented by lead in the surface water to existing and
future residents in the area, should it become developed, is consequently
considered minimal. However, it is proposed that the Site be managed
to reduce continued migration of contaminants into adjacent areas via the
surface water.
5.3.5 Generation and Accumulation of Methane and Landfill Gas
Large quantities of biological material were discharged to the Site during
its operation. As a result of the decomposition of the biological material,
large amounts of "landfill gas" have been produced. In drilling the
monitoring bores around the Site, pockets of the landfill gas were found.
It is concluded that landfill gas presents a minor health risk at both the
Site and the adjacent land. It is proposed that this risk be managed by
including facilities to collect and vent and/or flare landfill gas within the
capping layer proposed in Section 5.3.1.
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5.3.6 Metallic Objects
A magnetic survey performed by Groundwater Technology (1994)
identified 44 metallic objects on the Site. The majority of these objects
are thought to be old night soil cans, however, it is possible that some of
these objects may be old 200 litre drums containing toxic chemicals.
The health and environmental risks associated with these metallic objects
cannot be quantified with the available information. To manage this risk it
is proposed that all metallic objects be excavated from the Site prior to
the installation of the capping layer.
5.4 Risks Associated with Future Development
The potential impacts of the soil and groundwater contamination are
based on possible future uses of the surrounding land. They include:
Impacts associated with future residential developments including
activities which affect the water table and groundwater flow (eg subsoil drainage systems) and health impacts associated with the use of
groundwater for drinking and reticulation purposes.
Impacts associated with development of existing rural areas
including activities which affect the water table and groundwater flow
(eg irrigation systems) and health impacts associated with the use of
groundwater for irrigation, stock watering, and for drinking purposes.
5.4.1 Future Residential Developments
This section relates to future residential developments of the land around
the Site and currently zoned as urban-deferred.
The main health and environmental issues relating to future residential
developments are:
the impact of sub-soil drainage systems on the migration of
contaminated groundwater and the discharge of the sub-soil
drainage systems
the impact of bores on the migration of the contaminated
groundwater, and
the health risks presented by the use of groundwater for garden
reticulation
Changes to the migration of contamination may affect both prospective
purchasers within the development as well as existing landowners and
householders.
5.4.1.1 Effects of Sub-Soil Drainage
It is a general requirement of housing developments that the water table
be a minimum of 2 m below the base of the house foundations. To
achieve this, sub-soil drainage systems have in the past been used.
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It is expected that a sub-soil drainage system would discharge directly to
the Forrestdale Main Drain as does the existing stormwater system for the
kennel area. The commissioning of such a system may therefore have
the effect of increasing the flow of contaminated groundwater from the
Site to the developed area and from the developed area to the
Forrestdale Main Drain and Southern River.
In addition, such a system may be expected to affect the groundwater
table in the area - possibly increasing the flow of contaminated
groundwater into the developed area or existing rural areas.
5.4.1.2 Effects of Bores
Depending on the number and size of bores which are constructed as
part of future developments in the area, these bores may potentially
influence the flow of groundwater. Changes in the groundwater flow
could subsequently result in increased migration of contaminants from
the Site or the migration of contaminated water to newly developed areas
or existing rural areas.
5.4.1.3 Health Risks
As stated in Sections 5.3.2 above, the available data suggests that the
contamination from the Site has not affected the regional groundwater's
suitability for irrigation and livestock. However, depending on the
proximity of the area to the Site, the groundwater may be unsuitable for
drinking purposes.
Given that scheme water will be provid.ed as part of the development
conditions and that the groundwater in the area is of poor quality, it is
considered that there will be no requirement to use the groundwater for
drinking purposes. The main use for groundwater in future residential
developments will therefore be garden reticulation.
5.4.1.4 Management
To manage these potential impacts, it is proposed that:
A hydrogeological study be included as a condition of subdivision to
determine potential impacts on the migration of contamination from
the Site.
Where the hydrogeological study cannot eliminate the risk to the
satisfaction of the regulatory authorities, a memorial condition be
placed on residential subdivisions within a defined area which
advises the potential risks associated with use of the groundwater for
drinking purposes.
Where the hydrogeologically study identifies a risk to existing
residents, planning approval for the subdivision be withheld.
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5.4.2 Future Development of Existing Rural Lots
This section relates to the future development of existing lots that are
currently zoned for rural purposes and includes future landuses such as
residential, farming, and market gardening.
The main health and environmental issues relating to the future
development of individual lots are:
the effects of any bores on the migration of groundwater
contamination, and
the suitability of the groundwater for its intended purpose
Existing rural lots may be developed to a number of different landuses.
Dependent on the final landuse, the groundwater could be used for a
range of purposes including drinking water, garden reticulation,
stockwater, and crop irrigation.
Depending on the quantities of groundwater being used and the
intended use of the groundwater, it may or may not be necessary to
perform a hydrogeological study to assess the health and environmental
issues. It is therefore proposed that the health and environmental issues
relating to the future development of individual lots be assessed on a
case by case basis with a hydrogeological study being performed where
required.
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6. Management Plan
6.1 Overview
This section discusses the plans which are proposed to manage the risks
identified in Chapter 5.
A summary of the environmental and health risks as well as risks
associated with future development are presented below. The risks are
addressed by corresponding commitments made by the Proponent. The
commitments are summarised in Section 9 and shown below in italics.
The three primary commitments are:
Commitment 1

A monitoring plan as outlined in Section 7.1 will be prepared and
submitted to the Department of Environmental Protection for approval.
The plan will be submitted to the DEP within 3 months of the release of
the ministerial conditions for this CER. Implementation will begin within 3
months of the plan's approval by the DEP. All bore construction and
monitoring will be funded by the City of Gosnells.

Commitment 2

A detailed Site Management Plan will be prepared and submitted to the
DEP for approval within 3 months of the release of the ministerial
conditions for this CER. Implementation of the Management Plan will
commence within 6 months of the DEP's approval. The preparation of
the Management Plan and the implementation of the plan will be funded
by the City of Gosnells.

Commitment 3

The Site Management Plan will detail:
the construction of a clay cap and cut-off walls (Section 6.3.1.1)
facilities to be used for the extraction of landfill gas (Section 6.3.4)
procedures for the excavation of contaminated soil from around the
Site and placement of this contaminated soil under the cap (Section
6.3.3)
procedures for the excavation of metallic objects buried beneath the
Site (Section 6.3.4).
6.1.1 Environmental Risks
Environmental risk to surrounding vegetation associated with
contaminated runoff from the lagoon area.
Environmental risk to surrounding vegetation associated with the
metal and nutrient contamination of the regional groundwater.
Environmental risk to the Southern River caused by the ingress of
nutrients via groundwater and drainage water.
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6.1.2 Health Risks
Use of groundwater for drinking purposes.
Use of groundwater for irrigation and livestock.
Exposure to contaminated soil.
Generation and accumulation of methane beneath the Site.
The presence of metallic objects beneath the Site.
6.1.3 Risks associated with Future Development
Future residential development. Risks include activities which may
affect contaminant migration (eg sub-soil drainage and reticulation
bores) and health risks associated with the use of groundwater for
drinking and reticulation.
Future development of existing rural lots. Risks are as above but
include health risks associated with a more diverse range of
groundwater uses such as crop irrigation and stock watering.
6.2 Managing Environmental Risks
A review of the potential environmental risks to: surrounding vegetation,
Southern River, and Balannup Lake did not identify any significant
impacts. However, the City of Gosnells propose the following:
Continued migration of contaminants from the Site, and in particular
nutrients, be reduced. Management of the source of contamination
is discussed in detail in Section 6.3.
A programme be implemented to monitor:
the current extent of groundwater contamination
the migration of the groundwater plume
the migration of contaminants from the Site
the effects of drainage and surface water from the Site on the
Forrestdale Main Drain and the Southern River
The monitoring programme is described in Chapter 7.
Commitment 4

Environmental risks will be managed by implementing the monitoring
programme cited in Commitment (1) and the Site Management Plan cited
in Commitment (2).
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6.3 Managing Health Risks
6.3.1 Groundwater for Drinking Purposes
As stated in Section 5.3.1 the proposed management strategy comprises:
minimising the source of contamination
providing alternative drinking water where required
notifying affected parties
D continued monitoring
Commitment 5

Health risks will be managed by implementing the monitoring pro gramm
and Site Management Plan cited in Commitments (1) and (2)
respectively.
6.3.1.1 Minimising the Source of Groundwater Contamination
Addressing the source of contamination can be achieved by either
removing the contaminated soil to a landfill or by managing the
..ki contamination on the Site. The DEP's current preference is to manage L
"\ the contamination on the Site.
..\J_ In line with the DEP's philosophy, three main options have been identified
/for the on-site management of the contamination. The objective of each
of these options is to minimise the quantity of contaminants which are
leached from the lagoon area soil.
Constructing a clay "capping" layer over the lagoon area. The
capping layer would be graded so as to promote the runoff of
surface water and to minimise the infiltration of rainwater into the
contaminated soil.
Constructing a clay "capping" layer over the lagoon area and "cut-off'
walls around the lagoons.
Constructing a small landfill on the Site with a clay base (liner),
moving the contaminated soil into the landfill, and then capping the
landfill. This option will also require a system to collect and manage
the leachate which accumulates in the landfill. Leachate
management systems typically comprises a small evaporation pond.
Based on similar landfills, these options will reduce the infiltration of
rainwater into the contaminated soil by approximately 85 to 90%.
A summary of the characteristics of the three options is presented in
Table 6.1 - Options for Addressing the Source of Contamination.
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Table 6.1 - Options for Addressing the Source of Contamination
Option
(1)

Option
(2)

Option

$220.000

$320.000

$620.0:0

Addresses rainwater infiltration

Yes

Yes

Yes

Addresses lateral movement of
groundwater through soil contamination

No

Yes

Yes

Addresses all movement of groundwater
through soil contamination

No

No

Yes

Can be used to address accumulation of
landfill gas beneath lagoon area

Yes

Yes

No

Requires leachde management system

No

No

Yes

roperty

•

Estimated cost

(3)

Based on Table 6.1, Option 2 - the capping of the lagoon area with cutoff
walls - is the preferred option on the basis that:
The majority of the soil contamination is above the current winter
water table. The clay capping layer will therefore significantly
reduce the leaching of contaminants as a result of rainfall infiltration.
In addition, the clay cap will reduce the mounding beneath the Site
and therefore reduce the amount of contaminated soil which is
exposed to the groundwater.
Capping the lagoon area can be expected to reduce rainfall,,
infiltration by up to 90%
Soil contamination extends approximately 1 metre below the winter
water table. Therefore, it is proposed to construct cut-off walls to
this depth to reduce migration of groundwater through the
contaminated soil.
Reducing the groundwater mound beneath the Site will reduce the
hydraulic gradient and therefore the groundwater velocity away from
the Site.
A landfill gas collection system can be incorporated into the clay
capping.
The main disadvantages of this option are:
Contaminants will continue to migrate from the Site albeit at a lower
rate.
If the cut-off walls prove inadequate in reducing the migration of
contamination from the Site, it will be necessary to construct the
landfill described in Option 3 at significant additional cost.
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In response to these issues, it is emphasised that each of the options
cited above will reduce, but not eliminate, the infiltration of rainwater and
groundwater into the contaminated soil. The aim of the management
strategy is to reduce the leaching of contaminants to an acceptable
level - not completely eliminate the leaching process.
6.3.1.2 Alternative Drinking Water
Whilst metal contamination above drinking water guidelines has not been
detected in any private bores to date, the City of Gosnells makes the
following commitment:

Commitment 6

The City of Gosnells will provide an alternative drinking water source to
all existing households within the defined distance from the Site who
currently rely on groundwater for drinking purposes and where the
groundwater shows lead, arsenic, or chromium contamination in excess
of NHMRC drinking water guidelines as a result of activities at the Site.
The distance to which this commitment applies will be determined by the
results of ongoing monitoring of the groundwater contamination.
However, as an initial definition, three distances have been considered:
500 metres - this distance encompasses the groundwater
contamination above drinking water guidelines which can probably
be attributed to the Site (ie the multiport bores to the east of the Site
and the soaks to the north of the Site).
1,500 metres - this distance encompasses all known groundwater
contamination above drinking water guidelines and includes the
Water Corporation bore to the south east of the Site.
2,000 metres - this distance is a preliminary estimate of the
maximum migration of the groundwater from the Site over a period of
40 years. It assumes a groundwater velocity of 110 metres per year
which decreases to 40 metres per year at a distance of 500 metres
from the Site (Hirschberg 1982 and Groundwater Technology 1994).
It is proposed that an initial distance of 1,500 metres be adopted for this
commitment as it reflects the maximum extent of contamination based on
the available analytical data. Whilst acknowledging that the
contamination may potentially extend beyond 1,500 metres, it is
emphasised that this distance will be reviewed as the results of the
planned ongoing monitoring become available.
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The City of Gosnells therefore clarifies the above commitment as follows:
Commitment 7

The defined distance cited in the above Commitment will extend 1,500
metres radially from the Site. The City of Gosnells will review the defined
distance as the results of the planned monitoring programme become
available. Any changes to the defined distance will be subject to the
approval of the DEP. The term "defined distance" as defined in this
commitment has also been used in following commitments.
In implementing the proposal, the City of Gosnells also make the
following commitments:

Commitment 8

The City of Gosnells will test the groundwater of any household within the
defined distance at their request provided that the groundwater is
currently relied on for drinking purposes. The test will comprise one
representative sample taken with the test commencing within 1 week of
the request. If the test shows arsenic, chromium, or lead contamination
at concentrations which exceed NHMRC drinking water guidelines and
where the contamination is a result of activities at the Site, the City of
Gosnells will provide an alternative drinking water source. The City of
Gosnells will perform the test up to twice annually. The sampling
frequency will be reviewed as results of the monitoring programme
become available. Any modifications to the sampling programme will be
subject to the approval of the DEP.

Commitment 9

Where contamination above drinking water guidelines has beendetected,
the City of Gosnells will negotiate with the landowner to place a memorial
on the title which informs prospective purchasers of the potential risks. If
the property is outside the City of Gosnells, the City of Gosnells will
advise the relevant local government authority and recommend that the
authority undertake a similar action or that the City of Gosnells under the
negotiation on their behalf. All settlements would be funded by the City
of Gosnells.

Commitment 10

The memorial cited above would be removed and the supply of
alternative drinking water discontinued when the results of ongoing
monitoring indicate that the groundwater is no longer contaminated with
arsenic, chromium, or lead at levels which exceed NHMRC guidelines.
It is noted that the City of Gosnells cannot unilaterally impose the
memorial.

Commitment 11

The City of Gosnells are committed to funding a rainwater tank and
tankered water as an alternative to drinking water source. This
commitment will be implemented within 2 months of the groundwater
being identified as contamina ted. For the longer term, the City of
Gosnells undertake to request the Water Corporation to provide scheme
water to households close to the Site in conjunction with the development
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of the area.
It is emphasised that the recent sampling undertaken by the Chemistry
Centre detected no contamination above drinking water guidelines in any
of the private bores tested.
6.3.1.3 Notification of Residents
In the absence of ongoing monitoring data, all potentially affected
residents within the defined distance from the Site will be advised by the
City of Gosnells of the risks associated with drinking the groundwater.
Commitment 12

All landowners and households within the defined distance from the Site
will be in formed of: the potential risks associated with the use of
groundwater for drinking purposes; the findings of the groundwater
monitoring; and the commitments put in plaóe by the City of Gosnells.
All notifications will be by means letter drops with each letter addressed
to the individual household and landowner.
Residents outside the City of Gosnells would similarly be informed by
letter drops.
6.3.1.4 Monitoring
It is proposed that the City of Gosnells implement a groundwater
monitoring programme to:
further define the current extent of groundwater contamination which
exceeds drinking water guidelines
monitor migration of the groundwater plume
monitor migration of contaminants from the Site
Recommendations for the installation, sampling, and testing of the
monitoring bores is presented in Chapter 7.

Commitment 13

Where ongoing monitoring indicates that groundwater contamination
exceeds NHMRC drinking water guidelines as a result of activities at the
Site, those properties in the affected area will be notified within 2 weeks.
The City of Gosnells will then negotiate with the landowner to place a
memorial on the title advising prospective buyers of the risks associated
with the use of groundwater for drinking purposes. The memorial would
be removed when groundwater monitoring results indicate that the
contamination no longer exceeds. NHMRC guidelines.
6.3.2 Use of Groundwater for Irrigation and Livestock
As stated in Section 5.3.2, no significant health risk was identified in the
use of groundwater for irrigation and livestock.
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However, the City of Gosnells propose the following:
Commitment 14

The monitoring programme cited in Commitment (1) will be used to
monitor the groundwater's suitability for irrigation and livestock.

Commitment 15

For landowners and households within the defined distance of the Site
who are currently using the groundwater for the watering of animals, and
where these animals are not covered by ANZECC (1992), the City of
Gosnells will, at the at their request and for the specified animal,
determine guidelines for acceptable levels of arsenic, chromium, and
lead in groundwater. The guidelines will be based on a risk assessment
using available data. The guidelines will be made available within 4
weeks of the request.

Commitment 16

If the monitoring programme indicates that groundwater contamination
which is a result of activities at the Site exceeds the ANZECC (1992)
guidelines or the guidelines determined by the risk assessments, the. City
of Gosnells will advise the affected landowners and households of: the
level of contamination detected and the potential risks. The land owners
and households will be advised within 2 weeks of the contamination
being detected.
If necessary, the City of Gosnells will recommend that the use of
groundwater for specified purposes be discontinued (for example, the
use of groundwater for garden vegetables, for stockwater, or for general
garden reticulation). It is emphasised that the City of Gosnells..cannot
prohibit existing households from the continued use of groundwater if
contamination above guidelines is detected.

Commitment 17

Where it becomes necessary to recommend that the groundwater is no
longer suitable for irrigation or stock watering purposes as a result of
activities on the Site, the City of Gosnells will negotiate with the land
owner to place a memorial on the title of the property, advising of the
condition of the groundwater.

Commitment 18

The memorial will be removed when results from the ongoing monitoring
programme indicate that the groundwater is fit for irrigation and stock
watering purposes.
6.3.3 Exposure to Soil Contamination
Health risks associated with soil contamination on and around the lagoon
area of the Site relate mainly to;
direct exposure
wind blow dust from the Site
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Management of the contaminated soil as a source of groundwater
contamination is presented in Section 6.3.1 and, as stated in this section,
comprises capping the lagoon area.
The health risk presented by the soil contamination in the lagoon area
can be largely eliminated by the capping process described above
which would effectively minimise the possible exposure routes to the
contaminated soil.
To manage the soil contamination in the area surrounding the lagoons,
the City of Gosnells propose to undertake the following:
A grid survey at intervals of 25 metres to locate contamination
outside the lagoon area. The extent of the grid survey will be
determined by the findings of Groundwater Technology (1994) and
will be subject to the approval of the DEP.
Spot samples would be collected from the surface and composite
samples over the depth 0 to 2 metres. These samples would be
analysed for contaminants known to exist on the Site at
concentrations which exceed ANZECC (1992) guidelines. Should
specific future uses of the Site be identified, a health risk
assessment would be performed possibly allowing less stringent
criteria.
All soil in which the contamination exceeds the ANZECC (1992)
guidelines would be excavated and placed under the lagoon area
cap.
A second validation grid survey at intervals of 25 metres would be
used to confirm that all contaminated soil had been excavated.
The City of Gosnells will undertake negotiations with the City of Perth
who own the adjacent lot to the east prior to undertaking the
remed iation.
Commitment 19

Soil contamination around the Site will be identified using a 25 metre grid
survey. All soil in which the contamination exceeds:
ANZECC B (1992) guidelines, or
Victorian EPA hydrocarbon cleanup criteria for the Bayside site,
will be excavated and placed under the cap. Where ANZECC guidelines
are not available, Dutch "B' (1990) will be used. The area around the
Site will be validated using a second grid survey at 25 metres intervals.
Details of the process to remove contaminated soil from around the Site
will be incorporated into the Site Management Plan.

04/96Jbb.V1 344:001 .ibb.0O3

52

6.3.4 Landfill Gas
Landfill gas on the Site presents a health risk primarily in terms of its
flammability and its potential to act as and asphyxiant. The City of
Gosnells propose to manage the landfill gas by installing a collection
system comprising a series of extraction wells as part of the lagoon area
capping. Collected gas would be vented or flared.
As part of the management strategy, the City of Gosnells will investigate
the viability of commercial extraction of the landfill gas. This would offer
a source of revenue which could be used to off-set management costs.
6.3.5 Metallic Objects
The nature of the buried metallic objects has not been defined and
therefore presents an unknown health and environmental risk. To
manage this risk, the City of Gosnells propose to undertake the following:
0

All metallic objects buried on the Site which were identified during
the magnetic survey will be excavated. The excavation would be
carried out in accordance with the relevant occupational and safety
regulations.
Where the metallic objects are identified as posing a health or
environmental risk (eg a 200 L drum containing toxic material), the
object will be disposed of in accordance with the Office of Waste
Management requirements. The area surrounding the object will
then be tested to determine the level and extent of any
contamination. In the event that further contamination is detected,
the affected soil will be excavated (in accordance with occupational
health and safety regulations) and disposed of in accordance with
the Office of Waste Management Requirements. The objective of the
excavation process will be to return the contaminant levels to those
of the surrounding soil.

Commitment 20

All metallic objects buried on the Site which were identified during the
magnetic survey (Groundwater Technology, 1994) will be excavated.
6.4 Risks Associated with Future Development
6.4.1 Future Residential Developments
The main health and environmental issues relating to future residential
developments are:
the impact of any changes to the groundwater table on the migration
of the contaminated groundwater and subsequent impacts on
prospective purchasers and existing residents, and
the health risks presented by the use of groundwater for garden
reticulation

04/96.ibb.V1 344:001 .ibb.0O3

53

To manage these potential risks, it is proposed that:
Commitment 21

The City of Gosnells undertake to request the WA Planning Commission
for a condition of subdivision that all residential developments within the
defined distance from the Site include a hydrogeological study. The
objective of this study would be to determine the impact of any changes
to the groundwater table on the migration of con taminants from the Site.
The Thvestigation would also be required to confirm the suitability of
groundwater for reticulation purposes within the development.
The hydrogeological report would be reviewed by the City of Gosnells
and a copy forwarded to the DEP.
It is emphasised that recommendations made by the City of Gosnells
must receive approval from the Western Australian Planning Commission
before being imposed as a condition of subdivision.

Commitment 22

If the hydrogeological investigation identifies any aspect of the
development as adversely affecting the migration of contaminated
groundwater and thereby resulting in a health or environmental risk, and
if this conclusion is supported by the regulatory authorities, the City of
Gosnells would apply to the WA Planning Commission for a condition of
subdivision which addresses these risks (eg a condition of subdivision
which prohibits the construction of bores or the use of sub-soil drainage).

Commitment 23

Where the hydrogeological study cannot eliminate the risk to prospective
purchasers to the satisfaction of the regulatory authorities, the City of
Gosnells will undertake to request the WA Planning Commission to place
a memorial on title as a condition of subdivision that notifies prospective
purchasers or landowners of potential risks associated with the
contaminated groundwater.

Commitment 24

Where the hydrogeological study cannot eliminate the risk arising from
the development to existing residents to the satisfaction of the regulatory
authorities, the City of Gosnells will withhold planning approval for the
subdivision.
It is emphasised that this commitment will initially apply to any
development within 1,500 metres of the Site. This distance will be
reviewed following the results of ongoing monitoring of the groundwater
plume.
6.4.2 Future Development of Existing Rural Lots
The main health and environmental issues relating to the future
development of existing rural lots are:
the impact of bores on the migration of the contaminated
groundwater, and
the health risks presented by the use of groundwater for its intended
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purpose eg stock water, crop irrigation, garden reticulation.
The development of any lot where a change in land use is involved
requires a development approval from the City of Gosnells. It is
proposed that this process be used to manage the potential health and
environmental impacts associated with groundwater use in existing rural
lots. In particular, it is proposed that applications for development
approval be subject to the approval of the DEP.
Commitment 25

Where a lot is to be developed within the defined distance from the Site,
the City of Gosnells will subject the approval of the development licence
to the approval of the DEP. If the property is outside the City of Gosnells,
the City of Gosnells will advise the relevant local government authority
and recommend that the authority undertake a similar action.
Where the development of an existing rural lot is in accordance with the
zoning of the land, a development licence is not required. In this
instance, the City of Gosnells currently has no authority to require a
hydrogeological investigation or to prohibit bore construction. However,
the Water Corporation currently require that all landowners in the Perth
area abstracting more than 1,500 kL/year obtain a bore licence.
In order to manage the potential adverse effects on contaminated
groundwater migration, it is proposed that the City of Gosnells undertake
to advise the Water Corporation of the current extent of groundwater
contamination and the results of ongoing monitoring. The granting of a
bore licence would then be linked to the potential effects on
contaminated groundwater. The need to perform a hydrogeological
investigation as a means of quantifying the potential impacts would be
determined by the City of Gosnells and the Water Corporation on a case
by case basis.
The hydrogeological report would be reviewed by the City of Gosnells,
the Water Corporation, and a copy forwarded to the DEP.

Commitment 26

The City of Gosnells will advise the Water Corporation of the current
extent of groundwater contamination and the results of ongoing
monitoring.

Commitment 27

The City of Gosnells undertake to request that the Water Corporation link
the granting of bore licences in the defined area to potential adverse
effects on contaminated groundwater movement. The need to perform a
hydrogeological investigation to quantify the potential effects would be
determined on a case by case basis by the City of Gosnells and the
Water Corporation
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Commitment 28

The City of Gosnells will not approve any building application for a house
if that house relies on groundwater for drinking purposes and if the
groundwater contains contamination in excess of NHMRC drinking water
guidelines.
As stated in Section 6.4.2, these commitments would apply to a distance
of 1,500 metres from the Site with this distance being reviewed as
monitoring data becomes available.
As shown in Table 4.6, the regional groundwater does not exceed the
irrigation water and stock water guidelines established in
ANZECC (1992). It is therefore not proposed that the City of Gosnells
perform or fund risk assessments on possible future uses of groundwater.
Nor is it proposed that the City of Gosnells fund risk assessments for
possible future groundwater uses not covered by ANZECC (1992).
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7. Monitoring
7.1 Overview
This section presents the general methodology which will be used in the
monitoring programme. It is proposed that a detailed monitoring
programme will be prepared by the City of Gosnells as part of the
environmental and health management plan. This programme will
include the exact number of bores to be constructed, their locations,
sampling frequency, and chemical analysis.
The purpose of the monitoring programme is to support the
environmental and health management plan described in Chapter 6. The
individual objectives of the programme are to monitor:
The current extent of groundwater contamination as determined by
concentration of metals which exceed drinking water guidelines.
The continued migration of the plume of contamination from its
current position as determined by point (1) above.
The migration of contaminants from the Site.
The composition of the drainage and surface water from the Site
which flows into the Forrestdale Main Drain and the Southern River.
This programme is in addition to the City of Gosnells' commitment to
monitor individual bores within the defined distance at the request of
residents.
The implementation of this programme, in particular points (1) and (2),
will require the construction of several monitoring bores. Given that each
of these bores costs approximately $5,000, it is proposed that the City of
Gosnells adopt a staged approach to the monitoring with the objective of
minimising the overall cost of the monitoring programme. Under this
staged approach a limited number of bores would be constructed and
monitored for a period of one year. Based on the results of the first
year's monitoring, additional bores would be constructed.
7.2 Methodology of the Monitoring Programme
This section presents the general methodology proposed for the
sampling programme. Note that figures quoted for the number of bores
to be installed and the sampling frequency are estimates only.
7.2.1 Current Extent of Groundwater Contamination
Determining the current extent of the groundwater contamination is the
first priority of the monitoring programme.
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As stated above, it is proposed that a staged approach be adopted. As
the first stage it is envisaged that 8 bores will be constructed around the
Site. The construction of additional bores will be dependent on the
results from the first set of bores.
It is proposed that 'triplet bores be used for groundwater monitoring.
The bores will be sampled six monthly over the first year with analysis to
comprise:
A range of 8 metals including arsenic, chromium, and lead. The
analysis will include total and dissolved phase metals.
Nutrients ie ammonia and orthophosphorus.
Pesticides and other chemical compounds have not been detected at
significant levels and it is not proposed that they be incorporated into the
sampling programme.
It is anticipated that this programme will define the extent of
contamination in one to two years.
7.2.2 Continued Migration of Plume
This monitoring objective relates to the longer term monitoring of the
contaminated groundwater. The strategy will be developed when the
current extent of groundwater contamination has been determined.
7.2.3 Migration of Contaminants from the Site
It was proposed that a clay cap and cutoff walls be used to reduce the
migration of contaminants from the lagoons at the Site. The effectiveness
of this management plan will be determined using four monitoring bores
constructed on the perimeter of the cap. If possible, the existing
monitoring bores around the lagoons will be used for this purpose.
It is proposed that the bores be sampled six monthly over the first year
and then annually with analysis to comprise metals and nutrients as
described above.
7.2.4 Composition of Drainage and Surface Water
The flow of drainage and surface water into the Forrestdale Main Drain
was identified as a source of contamination for the Southern River. It is
proposed that the drainage water streams be monitored for a period of
approximately 6 to 12 months with the objective of further defining the
environmental risk presented by the drainage water to the Southern River.
The drainage water would be sampled from:
the Forrestdale Main Drain at locations upstream and downstream of
the Site, and
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drainage water from the kennel zone area which discharges to the
Forrestdale Main Drain.
Samples would be collected monthly and analysed for:
a range of 8 total and dissolved phase metals, and
nutrients ie ammonia and orthophosphorus

7.3 Estimated Costs
The estimated costs for the monitoring programme have been presented
in Table 7.1 below. Note that the figures quoted are for the first year of
operation only. Also included in Table 7.1 are estimated costs for Stage
2 of the programme cited in Section 7.2.2 and estimated costs for the
programme to monitor the continued migration of the plume.
The sampling frequency over the first year of monitoring is monthly and
six monthly. It is anticipated that this sampling frequency will decrease
to six monthly and annually as more data is collected.
Table 7.1 - Estimated Monitoring Costs
Objective

Construction
of Bores
($)

Sample Collection Sampling
Frequency
and Analysis
($/year)

Extent of Exisfing Contamination

- Stage 1

80,000

48,0

six monthly

Migration of Contamination from Site

20.110

36,0)3

six monthly

-

27.000

monthly

100,110

111.003

- Stage 2

80,000

48,000

amually

MonItoring of Continued Migration

40,0)3

12,000

amualty

Effects of Drainage water
TOTAL
Extent of Existing Contamination
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8.. Public Consultation
8.1 Overview
Public consultation activities comprised:
The distribution of a newsletter to all households within a 1.5 km
radius of the Site.
A public information session which was held at the local council
chambers.
8.2 Public Consultation Activities
8.2.1 Newsletter
The purpose of the newsletter was to provide the public with information
relating to:
the public consultation process which was being undertaken
the levels of soil and groundwater contamination which have been
found at and around the site
the options being considered for management of the potential health
and environmental risks associated with the contamination
the public information session and the timetable of the CER process.
In addition, the public were invited to contact the authors of the CER if
they had any queries.
8.2.2 Information Session
The information session was held on Saturday, 3 June 1995. A copy of
the information sheets presented in the session is included in Appendix F
- Information Session. The session focussed mainly on health issues
which were directly related to the public and to a lesser extent, on the
environmental issues. The information presented comprised:
A series of information sheets detailing: the purpose of the CER and
information session, proposed land uses, main issues associated
with the Site, and management options being considered.
A series of drawings which presented: a general location plan, the
urban deferred areas of the MRS, a summary of the Site soil
contamination, a summary of the lead levels in the surrounding
groundwater, a summary of the lead levels in the regional
groundwater.
A brief presentation of the information sheets was followed by a question
and answer session.
A total of 15 people attended the session which ran from 9:00 am to
midday.
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8.2.3 Public Opinion Encountered During Bore Sampling
As part of the bore sampling program, issues relating to liquid waste
disposal facility were discussed with the householders on an informal
basis.
8.3 Results of Public Consultation Activities
8.3.1 Newsletter
Four enquiries were received following distribution of the newsletter. Two
enquiries were from groups representing developers; one from the local
Residents Association; and one from a resident in the area who is
currently in litigation with the City of Gosnells over the former liquid waste
disposal facility.
8.3.2 Information Session
The main outcomes from the information session were as follows:
The residents would like to see a commitment to monitor the
groundwater in the area and that the results be made publicly
available.
Representatives of the Southern River Kennel Zone Association
wished to maintain the rural lifestyle of the area and were not
necessarily in favour of the redevelopment in the area.
The residents wish to be kept informed of the CER timetable.
The residents in the area are unhappy about paying remediation
costs associated with the former liquid waste disposal facility and
asked why developers would not be funding any cleanup.
The Southern River Kennel Zone Association indicated that they
wished to obtain a copy of the Groundwater Technology report and
that they wished to have the opportunity to review the report prior to
finalisation of the CER. A commitment was given to submit the draft
report to council no earlier that mid-July to ensure that the residents
had the opportunity to submit comments.
The concern was raised that development of the urban deferred
zone would alter the drainage patterns and the groundwater table in
the area and would possibly remobilise contaminants from the former
facility. The use of large bores in the area, such as those being
considered for a proposed market garden, may also affect the local
groundwater table.
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Mr Trevor Perkins of the City of Gosnells indicated concern that the
source of the lead in households with lead-affected bores be clearly
identified before making a commitment to provide alternative potable
water supply.
A private resident wishing to establish a market garden in the area
and use a number of bores for irrigation wished to know what
guarantees he would have that he would not draw down
contaminated groundwater.
The following question was raised: what if the proposed
management plan for the former facility was implemented,
development subsequently occurred, and the monitoring bores then
showed signs of contamination?
The residents asked what guarantee they had that the management
options would be effective.
If contamination was evident in the 1980s, why has nothing been
done until now. What commitment is proposed to people who have
lived in the area for 20 to 30 years with regard to potential health
effects.
8.3.3 Opinion Encountered During Bore Sampling
The points encountered during bore sampling is as follows:
Several people were under the impression that the former facility
itself was going to be developed. They were advised that the Site
would remain with the City of Gosnells and would not be developed
for residential purposes.
The residents interviewed from the kennel zone stated that they used
borewater for reticulation. There was some comment as to the
colour and smell of the borewater as well as the variability of
borewater quality in the area, however, these characteristics are
typical of the groundwater in the region and are not related to the
former liquid waste disposal facility.
Some residents interviewed from households within approximately
1.5 km of the Site who used borewater for drinking purposes were
concerned that the borewater may be contaminated and wished to
know results of the water analysis.
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8.3.4 Additional Correspondence
Following the information session, two additional letters were received.
The first of these was from the Southern River Kennel Zone Residents
Association. This letter highlighted several concerns ie:
"Our main concerns, as residents in the immediate vicinity of the
site are as follows:
Complete identification of all substances located on the site.
Accurate determination of the full extent of spread of
contaminants from the site.
Identification of all potential risks to the health of residents, their
animals and the environment as a whole emanating from the
site. This applies equally to current residents and residents of
any developments which may occur in the vicinity in the future.
Minimisation of any further possible spread of contaminants from
the site.
The second letter highlighted the concerns of a company in the area who
wished to develop land in the vicinity of the Site for horticulture and
aquaculture and who had already undertaken groundwater investigations.
Their concerns related to:
who should fund groundwater investigations
compensation for losses past, present, and future caused by
contamination of their properties
legal liability for the damage to the groundwater
what future contingencies are proposed in the event that
groundwater contamination impacts on present and future bores on
their properties
8.4 Summary of Public Consultation Findings
Presented below is a summary of the findings of the public consultation
process:
residents wanted a copy of the Groundwater Technology
groundwater investigation report
some residents are opposed to urban development of the area and
wished to maintain a rural lifestyle
concern was raised that further development in the area would alter
the groundwater table and would remobilised contaminants from the
Site
residents wanted to know what guarantees were associated with the
management strategy for the Site
residents wanted to know why nothing has been done about the Site
if the contamination was evident in the 1980s.
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9. Summary of Commitments
9.1 Overview
The management of the former Southern River Liquid Waste Disposal
Facility will be undertaken using the strategy outlined in this document.
The proponent is committed to implementing the management strategy
with the objective of protecting public health and managing potential
effects on the environment.
Specific commitments have been summarised in the following sections.
9.2 Monitoring
A monitoring plan as outlined in Section 7.1 will be prepared and
submitted to the Department of Environmental Protection for
approval. The plan will be submitted to the DEP within 3 months of
the release of the ministerial conditions for this CER. Implementation
will begin within 3 months of the plan's approval by the DEP. All
bore construction and monitoring will be funded by the City of
Gosnells.
9.3 Site Management Plan
A detailed Site Management Plan will be prepared and submitted to
the DEP for approval within 3 months of the release of the ministerial
conditions for this CER. Implementation of the Management Plan will
commence within 6 months of the DEP's approval. The preparation
of the Management Plan and the implementation of the plan will be
funded by the City of Gosnells.
The Site Management Plan will detail:
the construction of a clay cap and cut-off walls (Section 6.3.1.1)
facilities to be used for the extraction of landfill gas
(Section 6.3.4)
procedures for the excavation of contaminated soil from around
the Site and placement of this contaminated soil under the cap
(Section 6.3.3)
procedures for the excavation of metallic objects buried beneath
the Site (Section 6.3.4).
9.4 Environmental Risks
Environmental risks will be managed by implementing the monitoring
programme cited in Commitment (1) and the Site Management Plan
cited in Commitment (2).
9.5 Groundwater for Drinking Purposes
Health risks will be managed by implementing the monitoring
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programme and Site Management Plan cited in Commitments (1)
and (2) respectively.
The City of Gosnells will provide an alternative drinking water source
to all existing households within the defined distance from the Site
who currently rely on groundwater for drinking purposes and where
the groundwater shows lead, arsenic, or chromium contamination in
excess of NHMRC drinking water guidelines as a result of activities
at the Site.
The defined distance cited in Commitment (6) above will extend
1,500 metres radially from the Site. The City of Gosnells will review
the defined distance as the results of the planned monitoring
programme become available. Any changes to the defined distance
will be subject to the approval of the DEP. The term defined
distance" as defined in this commitment has also been used in
following commitments.
The City of Gosnells will test the groundwater of any household
within the defined distance at their request provided that the
groundwater is currently relied on for drinking purposes. The test
will comprise one representative sample taken with the test
commencing within 1 weeks of the request. If the test shows
arsenic, chromium, or lead contamination at concentrations which
exceed NHMRC drinking water guidelines and where the
contamination is a result of activities at the Site, the City of Gosnells
will provide an alternative drinking water source as described in
Commitment (6). The City of Gosnells will perform the test up to
twice annually. The sampling frequency will be reviewed as results
of the monitoring programme become available. Any modifications
to the sampling frequency will be subject to the approval of the DEP.
Where contamination above drinking water guidelines has been
detected, the City of Gosnells will negotiate with the landowner to
place a memorial on the title which informs prospective purchasers
of the potential risks (Section 6.3.1.2). If the property is outside the
City of Gosnells, the City of Gosnells will advise the relevant local
government authority and recommend that the authority undertake a
similar action or that the City of Gosnells undertake the negotiation
on their behalf. All settlements would be funded by the City of
Gosnells.
The memorial cited in Commitment (9) above would be removed and
the supply of alternative drinking water discontinued when the results
of ongoing monitoring indicate that the groundwater is no longer
contaminated with arsenic, chromium, or lead at levels which exceed
NHMRC drinking water guidelines.
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The City of Gosnells will supply funding for a rainwater tank and
tankered water as an alternative water source. This Commitment will
be implemented within 2 months of the groundwater being identified
as contaminated. Over the longer term, the City of Gosnells
undertake to request the Water Corporation to provide scheme water
to households close to the Site as part of the urbanisation of the
Southern River area.
All landowners and households within the defined distance from the
Site will be informed of: the potential risks associated with the use of
groundwater for drinking purposes; the findings of the groundwater
monitoring; and the commitments put in place by the City of
Gosnells (Section 6.3.1.3). All notifications will be by means letter
drops with each letter addressed to the individual household and
landowner.
Where ongoing monitoring indicates that groundwater contamination
exceeds NHMRC drinking water guidelines as a result of activities at
the Site, those properties in the affected area will be notified within
2 weeks. The City of Gosnells will then negotiate with the landowner
to place a memorial on the title advising prospective buyers of the
risks associated with the use of groundwater for drinking purposes.
The memorial would be removed when groundwater monitoring
results indicate that the contamination no longer exceeds NHMRC
guidelines.
9.6 Groundwater for Irrigation and Livestock
The monitoring programme cited in Commitment (1) will be used to
monitor the groundwater's suitability for irrigation and livestock
(Section 6.3.2).
For landowners and households within the defined distance of the
Site who are currently using the groundwater for the watering of
animals, and where these animals are not covered by ANZECC
(1992), the City of Gosnells will, at the at their request and for the
specified animal, determine guidelines for acceptable levels of
arsenic, chromium, and lead in groundwater (Section 6.3.2). The
guidelines will be based on a risk assessment using available data.
The guidelines will be made available within 4 weeks of the request.
If the monitoring programme indicates that groundwater
contamination which is a result of activities at the Site exceeds the
ANZECC (1992) guidelines or the guidelines determined by the risk
assessments cited in Commitment (15), the City of Gosnells will
advise the affected landowners and households of: the level of
contamination detected and the potential risks. The land owners
and households will be advised within 2 weeks of the contamination
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being detected. (Section 6.3.2).
Where it becomes necessary to recommend that the groundwater is
no longer suitable for irrigation or stock watering purposes as a
result of activities on the Site, the City of Gosnells will negotiate with
the land owner to place a memorial on the title of the property,
advising of the condition of the groundwater. (Section 6.3.2)
The memorial cited in Commitment (17) would be removed when
results from the monitoring programme indicate that the groundwater
is suitable for irrigation and livestock purposes. (Section 6.3.2).
9.7 Soil Contamination and Buried Metallic Objects
Soil contamination around the Site will be identified using a 25 metre
grid survey (Section 6.3.3). All soil in which the contamination
exceeds:
ANZECC B (1992) guidelines , or
Victorian EPA hydrocarbon cleanup criteria for the Bayside site,
will be excavated and placed under the cap. Where ANZECC
guidelines are not available, Dutch "B (1990) will be used. The area
around the Site will be validated using a second grid survey at 25
metres intervals. Details of the process to remove contaminated soil
from around the Site will be incorporated into the Site Management
Plan.
All metallic objects buried on the Site which were identified during
the magnetic survey (Groundwater Technology, 1994) will be
excavated (Section 6.3.4).
9.8 Future Residential Developments
The City of Gosnells undertake to request the WA Planning
Commission for a condition of subdivision that all residential
developments within the defined distance from the Site include a
hydrogeological study. The objective of this study would be to
determine the impact of any changes to the groundwater table on
the migration of contaminants from the Site. The investigation would
also be required to confirm the suitability of groundwater for
reticulation purposes within the development. (Section 6.4.1).
If the hydrogeological investigation identifies any aspect of the
development as adversely affecting the migration of contaminated
groundwater and thereby resulting in a health or environmental risk,
and if this conclusion is supported by the regulatory authorities, the
City of Gosnells would apply to the WA Planning Commission for a
condition of subdivision which addresses these risks (eg a condition
of subdivision which prohibits the construction of bores or the use of
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sub-soil drainage). (Section 6.4.1)
Where the hydrogeological study cannot eliminate the risk to
prospective purchasers to the satisfaction of the regulatory
authorities, the City of Gosnells will undertake to request the WA
Planning Commission to place a memorial on title as a condition of
subdivision that notifies prospective purchasers or landowners of
potential risks associated with the contaminated groundwater.
(Section 6.4.1).
Where the hydrogeological study cannot eliminate the risk arising
from the development to existing residents to the satisfaction of the
regulatory authorities, the City of Gosnells will withhold planning
approval for the subdivision. (Section 6.4.1).
9.9 Development of Existing Rural Lots
Where a lot is to be developed within the defined distance from the
Site, the City of Gosnells will subject the approval of the
development licence to the approval of the DEP. If the property is
outside the City of Gosnells, the City of Gosnells will advise the
relevant local government authority and recommend that the
authority undertake a similar action. (Section 6.4.2).
The City of Gosnells will advise the Water Corporation of the current
extent of groundwater contamination and the results of ongoing
monitoring. (Section 6.4.2).
The City of Gosnells undertake to request that the Water Corporation
link the granting of bore licences in the defined area to potential
adverse effects on contaminated groundwater movement. The need
to perform a hydrogeological investigation to quantify the potential
effects would be determined on a case by case basis by the City of
Gosnells and the Water Corporation (Section 6.4.2).
The City of Gosnells will not approve any building application for a
house if that house relies on groundwater for drinking purposes and
if the groundwater contains contamination in excess of NHMRC
drinking water guidelines. (Section 6.4.2).
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10. Conclusions
Historical activities at the Site have resulted in:
Soil contamination in excess of regulatory thresholds on the Site
and directly adjacent to the Site.
Groundwater contamination in excess of drinking water
guidelines beneath the Site and to some extent off site.
Based on the available data, soil contamination does not present any
major health risks.
Although recent testing of the regional groundwater has not
identified any private bores with contamination from the Site at
concentrations which exceed drinking water guidelines, there is a
potential health risk associated with consumption of contaminated
groundwater.
Soil and groundwater contamination resulting from the former liquid
waste disposal site does not produce a significant environmental
impact on the Southern River or the surrounding vegetation.
The presence of landfill gas at the Site presents a minor health risk.
Buried metallic objects on the Site present a potential health risk.
Future developments which include the abstraction of groundwater in
significant quantities may adversely affect the migration of
contaminants in the groundwater.
The health and environmental risks are sufficient to require the
preparation of a management strategy.
The management strategy outlined in this CER combined with the
commitments presented in Chapter 9 will provide adequate
management of existing and future health and environmental risks.
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Glossary
Presented in this section are definitions of terms and abbreviations as
used in this CER.
abstract:

to remove or extract eg to abstract groundwater
from an aquifer

adsorb:

to concentrate a substance on a surface eg
dissolved lead on the surface of silt particles

ammonia nitrogen:

nitrogen which is present the form of ammonia
(NH3 -N)

ANZECC:

Australian and New Zealand Environment and
Conservation Council

aquifer:

a water bearing bed of strata

asphyxiate:

suffocation due to oxygen deprivation

BTEX:

the monoaromatic hydrocarbons Benzene,
Toluene, Ethyl benzene and Xylenes (xylenes can
exist as ortho-, meta-, or para-xylene)

cap:

a layer of low permeability material (such as clay)
which is placed over a landfill or similar

CER:

Consultative Environmental Review

DEP:

Department of Environmental Protection

EPA:

Environmental Protection Authority

FRP:

Filterable Reactive Phosphorus

GSWA:

Geological Survey of Western Australia

HDWA:

Health Department of Western Australia

infiltration:

movement of water through the soil surface into
the ground

inorganic nitrogen:

nitrogen which is present in the form of ammonia,
nitrate, and nitrite

leaching:

the separation or dissolving out of soluble material
by percolation of water

I
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leachate:

water which has percolated through a landfill or
similar source of contaminated soil

memorial:

a notification placed on a land title

mg:

milligrams (1000 mg = 1 gram) - a piece of paper
5 mm by 5 mm will weigh on the order of 1 mg

mg/L:

milligrams per litre

mg/kg:

milligrams per kilogram

MRS:

Metropolitan Region Scheme

NHMRC:

National Health and Medical Research Council

nitrate nitrogen:

nitrogen present in the form of nitrate
(NO3 - N), nitrate is a metabolic product of
ammonia

nitrite:

a form of oxidised nitrogen (NO2)

orthophosphorus:

phosphorus present in the form of phosphate
(PO4 - F)

oxidised nitrogen:

nitrogen present in the form of nitrate or nitrite

PAH:

Polynuclear Aromatic Hydrocarbon - hydrocarbon
with two or more nuclei eg naphthalene

PCB:

PolyChlorinated Biphenyl - a colourless liquid used
as an insulating material in electrical equipment

VHC:

Volatile Halgenated Compound - a compound
which readily evaporates and which contains
halogens such as chlorine eg 1,1,1 trichloroethane
(liquid paper thinner)

WHO:

World Health Organisation
micrograms (1,000,000 ig = 1 gram)

tg/L:

micrograms per litre
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GUIDELINES FOR THE CONSULTATIVE ENVIRONMENTAL REVIEW
ON THE PROPOSED REMEDIATION OF THE LIQUID
WASTE DISPOSAL SITE IN SOUTHERN RIVER RD, GOSNELLS.

OVERVIEW
In Western Australia, the environmental assessment process is about protecting the environment.
The fundamental requirement is for the proponent to describe the proposal in some detail, to
discuss the environmental impacts and potential environmental impacts of the proposal, and then to
describe how those environmental impacts are going to be avoided, ameliorated or managed so that
the environment is protected.
If the proponent can demonstrate that the environment would be protected from unacceptable
environmental impacts, then the proposal would be found environmentally acceptable; if the
proponent cannot demonstrate this, then the Environmental Protection Authority (EPA) would
recommend against the proposal.
Throughout the process, it is the aim of the EPA to .advise and assist the proponent to improve or
modify the proposal in such a way that the environment is protected. However, it is the
responsibility of the proponent to design and implement proposals which protect the environment,
and to present the design proposals for review.
These guidelines have been prepared to assist the proponent in identifying key issues which should
be addressed within the Consultative Environmental Review (CER) for the remediation of the
liquid waste disposal site in Southern River Rd, Gosnells. They are not intended to be exhaustive
and the proponent may consider that other issues should also be included in the document.
The CER should facilitate public review of the key environmental issues. It is intended to be a
brief document. Its purpose should be explained, and the contents should be concise and accurate
as well as being readily understood. Specialist information and technical description should be
included where it assists in the understanding of the proposal. It may be appropriate to include
ancillary or lengthy information in technical appendices.
Where specific information has been requested by a Government Department or the Local
Authority, this should be included in the document.
The principal function of the CER is to facilitate a review of key environmental issues, and to
communicate clearly with the public and Government agencies, so that the EPA can obtain
informed comments of the proposal. This provides the basis for the EPA to assess the proposal
-.
and to advise the State Government on protecting the environment.
1. SUMMARY
The CER should contain a brief summary of:
salient features of the proposal;
the potential environmental impacts and their significance;
environmental monitoring and management programmes;
safeguards and commitments; and
conclusions.
2. INTRODUCTION
The CER should include an explanation of the following:
identification of proponent and responsible authorities;
background and objectives of the proposal;
brief details of the scope and timing of the proposal;
relevant statutory requirements and approvals; and
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scope purpose and structure of the CER.
NEED FOR THE PROPOSAL AND ALTERNATIVE LAND USES
The CER should discuss the need for development of the proposed site. Broad costs and benefits
of the proposal at a local level could be discUssed. A discussion of alternative uses for the site
should be provided. This discussion should provide the rationale of choosing the preferred
development option, given the perceived difficulties of the site.
DESCRIPTION OF SITE
The proposed location is to be described, including:
cadastral information;
former and current land uses;
adjacent land uses (eg. residential and industrial developments);
location of structures to be built on the site or proposed development plans;
provision of services including electricity, water and gas;
discharge points of stormwater and other drainage; and
the hydrogeology and physiography of the site.
5. SITE, POTENTIAL ENVIRONMENTAL IMPACTS AND MANAGEMENT
This section should briefly describe the overall effect on the environment of the current
development and provide a more detailed description of the proposed developments effect on the
environment. Impacts during the demolition of the buildings, remedial treatment of the land and
groundwater and future development should be addressed. Impacts should be quantified where
possible, and the criteria used for making an assessment of their significance should be discussed
and include a reasoning for their acceptance.
The CER should also indicate approaches that will be adopted to ameliorate and manage the
identified impacts. Issues that should be addressed include:
evaluation of the range of contaminants present in both soil and groundwater including
sampling methods and results;
impacts of contamination on the groundwater and on the receiving environment, eg Swan
River;
the proposed use and management of the groundwater and stormwater from the site;
the treatment and use of contaminated groundwater during and after development;
the impacts of noise and dust generated from the site;
how impacts on the receiving environment will be managed; and
impacts of any dewatering exercise that may be required.
It should be noted that the key issue concerns the proposed treatment of wastes from the site and
the potential contamination of the groundwater, Swan River and surrounding environment.
6. REHABILITATION OF THE SITE PRIOR TO DEVELOPMENT
Any rehabilitation techniques should detail:
how contaminants located on the site are to be treated eg. physical treatment, leachate
treatment, soil treatment, soil removal or a combination of the above;
whether groundwater will be treated, or its use restricted;
managing the consequences of the proposed treatment method eg. the location and
management of a landfill site, should the proposal include removal of the contaminated
material from the site;
any possibility of future users being impacted upon; and
how rehabilitation will improve the site for future users and for what beneficial use.

MONITORING
Key environmental impacts such as the potential for heavy metal contamination from the waste
material may require monitoring to ensure that the projiosed rehabilitation technique has been
successful.
A monitoring programme should be developed and include details of who is responsible for the
preparation of the programme, on-going costs and reporting of results. A commitment to prepare
and implement a monitoring and management programme is suggested.
The monitoring programme should include both an initial sampling programme and an audit
programme, with details of how final clean up levels are going to be derived (eg. by random
sampling etc).
PUBLIC CONSULTATION
A description should be provided of public consultation activities undertaken by the proponent in
preparing the CER. This should outline the activities, the groups or individuals involved and the
objectives of the activities. A summaiy of concerns raised should be documented along with how
each of these concerns has been addressed.
COMMITMENTS
Where an environmental problem has the potential to occur the proponent should cover this
potential problem with a commitment to rectify it. Where appropriate, the commitment should
include:
who is responsible for the commitment and who will do the work;
what is the nature of the work;
to whose satisfaction the work will be carried out;
when the work will be carried out; and
if appropriate where the work will be carried out.
A summary of commitments in numbered form should be given. A set of well written concise
commitments covering the key issues of the proposal and its effects will help to expedite
assessment of the proposal.
10. CONCLUSION
GUIDELINES
A copy of these guidelines should be included in the document.
REFERENCES
All references should be listed.
APPENDICES
Where detailed technical or supporting documentation is required, this should be placed in
appendices.
GLOSSARY
A glossary should be provided in which all technical terms, and unfamiliar abbreviations and units
of measurement are explained in everyday language.

HOW TO MAKE A PUBLIC SUBMISSION
The CER should include insttuctions to the public on how they can make a submission. These
instructions should be placed at the beginning of the document.

Appendix B. - Golder and Associates
The Department of Environmental Protection has agreed that inclusion of
the Golder Associates report entitled Stage 1 Contamination
Investigation Liquid Waste Disposal Site Lot 1768 Southern River Road
Southern River WA in this CER is not essential to the arguments
presented therein.
For persons wishing to review the Golder Associates report, copies will
be available at:
Environmental Protection Authority
Library Information Centre
8th Floor, Westralia Square
141 St Georges Terrace
Gosnells Library
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Appendix C - Groundwater Technology
The Department of Environmental Protection has agreed that inclusion of
the Groundwater Technology report entitled "Southern River Road Liquid
Waste Disposal Site Study' in this CER is not essential to the arguments
presented therein.
For persons wishing to review the Groundwater Technology report,
copies will be available at:
D Environmental Protection Authority
Library Information Centre
8th Floor, Westralia Square
141 St Georges Terrace
0 Gosnells Library
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Appendix D - Analytical Results
Presented in this appendix are the analytical results collected by Sinclair
Knight Merz (1995) and Chemistry Centre (1995). Note that sample
location descriptions presented in this appendix vary from those
presented in Figure 10. The correlation between the sample locations in
this appendix and those in Sinclair Knight Merz (1995) and Chemistry
Centre (1995) are presented below. All results from Chemistry Centre
(1995) are reproduced in Table 4.6.
Table - Correlation
Sinclair Knight Merz

Chemistry Centre

Figure 10

-

MP1 S,M,D

MP1

-

MPB2 Red, Green, Blue

MPB2

-

MP2S,M,D

MP2

-

MPB1

MPB1

-

1-85 bore

GW9

-

MP4S,M,D

MP4

-

MP3S.M,D

MP3

-

HomesRd

GW13

-

Soak 1

SW3

la

GW1

lb

SW1

2

GW2

3

M/D out

GW3

4a
4b

DW3

Soak2

SW2

5

GW12

6

GWÔ

7

Ranford Rd

GW7

8

MD/in

DW1

9

KZdrain

DW2

11

GW5a

12

GW5b

13

Madison Rd

GW11

14

GW4

15

GW8

16

Gwlo
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LABORATORY REPORT COVERSIIEET
DATE:

24 May 1995

TO:

Sinclair Knight Merz
P0 Box H615
PERTH WA 6001

ATTENTION:

Ian Bruce

YOUR REFERENCE:

COG 0516

OUR REFERENCE:

113076.09.24705

SAMPLES RECEIVED:

15/5/95

DESCRIPTION:

Eleven (1) water samples were received 1n appropriately
preserved bathes and on ice for analysis.

NATA REGISTRATION NO:

1712

_________________________________• Nationäl:A.00iatidff oTestin
p
Authori ties. Australia

rv

ENDORSED DOCUMENT

PETER BAMFORD
Principal Environmental Scientist

Analysis performed to the procedures of APHA method 18th Edition, 1992.
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MArialabs
CLIENT:
PROJECT NO:

OUR REFERENCE: 113076.09.24705

Sinclair Knight Merz
COC 0516
METHODOLOGY
Method

Abbreviation

Analabs Method Reference

O & G (gray)

Oil and Grease - Solvent
Extraction/GravimetriC.

Analabs' Method EO-500

O & G (FTIR)/HydrocarbonS
(IA)

Oil and Grease - Solvent Extraction/FTIR.

Analabs' Method E0-500

General Water Analysis
Metals (Total)
pH
Conductivity
TDS(grav)
TDS(calc)
Nitrate-Nitrogen
Ammoniacal-NitrOgen
Total Phosphorus
Sulphate
Chloride
Bicarbonate
Carbonate
Total Suspended Solids(TSS)
BOD
COD
Total Solids

Acid Digest/MS analysis
Meter
Meter
Total Dissolved Solids-Gravimetric
Total Dissolved Solids-0.64 x Conductivity
Spectrophotometry
Distillation/Titration
Acid Digestion/ColourimetriC
GravimetriC or in-house chromatography
Titration or in-house chromatography
Titration
Titration
Total Suspended Solids-Gravimetric
Biochemical Oxygen Demand
Chemical Oxygen Demand
Dried @ 103-105°C

APHA 3111 A B/3030 H
APHA 4500 HB
APHA 2510 B
APHA 2540 C
APHA 2510 B
APHA 4500 NO3B
APHA 4500 NH3 B/E
APHA 4500 -P/B
APHA 4500 SO4 B/E
APHA 4500 Cl B
APHA 2320 B
APHA 2320 B
APHA 2540 D
APHA 5210B
APHA 5220C
APHA 2540 B

Phenols

Distillation/ColourimetriC

5530 B/C

Sulphide

Titration

4500 S2 E

Thiocyanate

Colourimetric

4500-CN M

Ferrous Iron

Colourimetric

3500 Fe D

Ortho Phosphate (soluble
reactive phosphorus)

S pectro photometer

4500-PE

Kjeldahl nitrogen

Digest/Distillation/Titration

4500 Norg B/4500 NH3 E

Free cyanide

Colourimetric

4500 CN E

Weak acid dissociable
cyanide

Distillation/ColourimetriC

4500 CN1/4500 CNE

Total cyanide

Distillation/ColourimetriC

4500 CNC/4500 CNE

NIS

Solvent Extraction/MS analysis

Government Chem Lab

MBAS

Solvent Extraction/Colourimetric

5540C

Fluoride

Selective Ion Electrode

4500 PC

Metals

MS analysis

3111 B/D
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CLIENT:
PROJECT NO:

OUR REFERENCE: 113076.09.24705

Sinclair Knight Merz
COC 0516

CERTIFICATE OF ANALYSIS

SAMPLE

la, 2, 5, 6, 7

CHEMICAL DA TA

SAMPLE IDENTIFICATION

PARAMETERS

Lead

Pb

(mg/I)

lÀ

2

5

6

7

<0.001

<0.001

<0.001

0.005

0.006
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&jAyialabs

CLIENT:
PROJECT NO:

OUR REFERENCE: 113076.09.24705

Sinclair Knight Merz
COC 0516

CERTIFICATE OF ANALYSIS

SAMPLif

CHEMICAL DA TA

SAMPLE IDENTIFICATION

PARAMETERS
3

8

9

Lead

Pb

(mg/I)

<0.001

0.007

0.007

Ortho Phosphate

P

(mg/I)

0.45

0.45

0.40

Ammoniacal-NitrOgen

NH3

(mg/I)

0.60

<0.05

4.20
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AflalabS I't'. lid.
ACN 004 591 664
50 \1 ii tray Rd. \Velslipool

klArialabs
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LABORATORY REPORT COVERSIIEET
DATE:

31 May 1995

TO:

Sinclair Knight Merz
P0 Box H615
PERTH WA 6001

ATTENTION:

Ian Bruce

YOUR REFERENCE:

0596

OUR REFERENCE:

113076.09.24782

SAMPLES RECEIVED:

22/5/95

DESCRIPTION:

Three (3) water samples were received for analysis.

NATA REGISTRATION NO:

JACE VENNING
%
Supervisor - Waters

1712

PETER BAM FORD
Principal Environmental Scientist

THIS DOCUMENT MUST NOT BE REPRODUCED EXCEPT IN FULL
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OUR REFERENCE:

Sinclair Knight Merz

CLIENT:

113076.09.24782

METHODOLOGY
Method

Abbreviation

Analabs Method Reference

o & G (gray)

Oil and Grease - Solvent
Extraction/GravimetriC.

Analabs' Method EO-500

O & G (FTIR)/Hydrocarbons
(IA)

Oil and Grease - . Solvent Extraction/FTIR.

Analabs' Method EO-500

General Water Analysis
Metals (Total)
pH
Conductivity
TDS(grav)
TDS(calc)
Nitrate-Nitrogen
Ammoniacal-Nitrogen
Total Phosphorus
Sulphate
Chloride
Bicarbonate
Carbonate
Total Suspended Solids(TSS)
BOD
COD
Total Solids

Acid Digest/MS analysis
Meter
Meter
Total Dissolved Solids-Gravimetric
Total Dissolved Solids-0.64 x Conductivity
Spectrophotometry
Distillation/Titration
Acid Digestion/Colourimetric
Gravimetric or in-house chromatography
Titration or in-house chromatography
Titration
Titration
Total Suspended Solids-Gravimetric
Biochemical Oxygen Demand
Chemical Oxygen Demand
Dried @ 103-105°C

APHA 3111 A B/3030 H
APHA 4500 HB
APHA 2510 B
APHA 2540 C
APHA 2510 B
APHA 4500 NO3B
APHA 4500 NH3 B/E
APHA 4500 -P/B
APHA 4500 SO4 B/E
APHA 4500 Cl B
APHA 2320 B
APHA 2320 B
APHA 2540 D
APHA 5210B
APHA 5220C
APHA 2540 B

Phenols

Distillation/Colourimetric

5530 B/C

Sulphide

Titration

4500 S2 E

Thiocyanate

Colourimetric

4500-CN M

Ferrous Iron

Colourimetric

3500 Fe D

Ortho Phosphate (soluble
reactive phosphorus)

Spectrophotometer

4500-PE

KjeIdahl nitrogen

Digest/Distillation/Titration

4500 Norg 5/4500 NH3 E

Free cyanide

Colourimetric

4500 CN E

Weak acid dissociable
cyanide

Distillation/Colourimetric

4500 CN1/4500 CNE

Total cyanide

Distillation/Colourimetric

4500 CNC/4500 CNE

NIS

Solvent Extraction/MS analysis

Government Chem Lab

MBAS

Solvent Extraction/Colourimetric

5540C

Fluoride

Selective Ion Electrode

4500 F-C

Metals

MS analysis

3111 B/D
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CLIENT:

Sinclair Knight Merz

OUR REFERENCE: 113076.09.24782

CERTIFICATE OF ANALYSIS

SAMPLE

10, 11, 12

CHEMICAL DA TA
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LABORATORY REPORT COVERSHEET
DATE:

13 June 1995

TO:

Sinclair Knight Merz
7th Floor Durack House
263 Adelaide Terrace
PERTH WA 6000

ATTENTION:

I Bruce

YOUR REFERENCE:

0593

OUR REFERENCE:

113076.09.24854

SAMPLES RECEIVED:

29/5/95

DESCRIPTION:

Four (4) water samples were received for analysis.

NATA REGISTRATION NO:

Naj

1712

soCiattOTl of

Testpg

Authorities Australia

JANICE

iL)1a

NATA ENDORSED DOCUMENA

PETER LWORD
Principal Environmental Scientist

Analysis performed to the procedures of APHA methods, 18th edition, 1992.
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OUR REFERENCE:

Sinclair Knight Merz

CLIENT:

113076.09.24854

METHODOLOGY
Abbreviation

Method

Analabs Method Reference

O & G (gray)

Oil and Grease - Solvent
Extraction/G ravimetric.

Analabs' Method EO-500

O & G (FTIR)/Hydrocarbons
(I R)

Oil and Grease - Solvent Extraction/FTIR.

Analabs' Method EO-500

General Water Analysis
Metals (Total)
pH
Conductivity
TDS(grav)
TDS(calc)
Jitrate-Nitrogen
Ammoniacal-Nitrogen
Total Phosphorus
Sulphate
Chloride
Bicarbonate
Carbonate
Total Suspended Solids(TSS)
BOD
COD
Total Solids

Acid Digest/MS analysis
Meter
Meter
Total Dissolved Solids-Gravimetric
Total Dissolved Solids-0.64 x Conductivity
Spectrophotometry
Distillation/Titration
Acid Digestion/Colourimetric
Gravimetric or in-house chromatography
Titration or in-house chromatography
Titration
Titration
Total Suspended Solids-Gravimetric
Biochemical Oxygen Demand
Chemical Oxygen Demand
Dried @ 103-105°C

APHA 3111 A B/3030 H
APHA 4500 HB
APHA 2510 B
APHA 2540 C
APHA 2510 B
APHA 4500 NO3B
APHA 4500 NH3 B/E
APHA 4500 -P/B
APHA 4500 SO4 O/E
APHA 4500 Cl B
APHA 2320 B
APHA 2320 B
APHA 2540 D
APHA 5210B
APHA 5220C
APHA 2540 B

Phenols

Distillation/Colourimetric

5530 B/C

Sulphide

Titration

4500 S2 E

Thiocyanate

Colourimetric

4500-ON M

Ferrous Iron

Colourimetric

3500 Fe D

Ortho Phosphate (soluble
(eactive phosphorus)

S pectro photometer

4500-PE

Kjeldahl nitrogen

Digest/Distiilation/TitratiOfl

4500 Norg B/4500 NH3 E

Free cyanide

Colourimetric

4500 CN E

Weak acid dissociable
cyanide

Distillation/ColoUrimetric

4500 CN1/4500 CNE

Total cyanide

Distillation/Colourimetric

4500 CNC/4500 CNE

NIS

Solvent Extraction/MS analysis

Government Chem Lab

MBAS

Solvent Extraction/Colourimetric

5540C

Fluoride

Selective Ion Electrode

4500 F-C

Metals

MS analysis

3111 B/D

page 2 013

CLI ENT:

OUR REFERENCE: 113076.09.24854

Sinclair Knight Merz

CERTIFICATE OF ANALYSIS

SAMPLE

13, 14, 15, 16

HEM/CAL DA TA

TION
13

14

15

16

(mg/1)

0.006

0.003

0.004

0.004

(mg/I)

0.25

n/a

1.10

0.60

(mg/I)

<0.05

n/a

0.15

0.15

n/a denotes not applicable

page 3 of 3

Analabs Ply. Lid.
AGN 004 591 664
50 \ In rrav Rd. \\'elsli pool
\\estetn Australia 6106.
P.O. l3ox 210. Beotk'v, \V.A. 6102
Telepimlie: (619) 458 7999
Teit'x: AA 92560
h,csimik': (619) 458 2922

Aiialalb s

LABORATORY REPORT COVERSHEET
DATE:

19 June 1995

TO:

Sinclair Knight Merz
P0 Box H615
PERTH WA 6000
C)

ATTENTION:

Ian Bruce

YOUR REFERENCE:

COC 0595

OUR REFERENCE:

113076.09.24971

-
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\

-( , .5

Pj

-\
Co
(\

SAMPLES RECEIVED:

12/6/95

DESCRIPTION:

One (1) water sample was received for analysis.

NATA REGISTRATION NO:

/
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P rincipal Environmental S cientist

Analysis performed to the procedures of APHA methods, 18th edition, 1992.
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CLIENT:
PROJECT NO:

OUR REFERENCE:

Sinclair Knight Merz
COO 0595

113076.09.24971

METHODOLOGY

Method

Abbreviation

Analabs Method Reference

O & G (gray)

Oil and Grease - Solvent
Extraction/G ravimetric.

Analabs' Method EO-500

O & G (FTIR)/HydrocarbonS
(IA)

Oil and Grease - Solvent Extraction/FTIR.

Analabs' Method EO-500

General Water Analysis
Metals (Total)
pH
Conductivity
TDS(grav)
TDS(calc)
Nitrate-Nitrogen
Ammoniacal-Nitrogen
Total Phosphorus
Sulphate
Chloride
Bicarbonate
Carbonate
Total Suspended Solids(TSS)
BOD
COD
Total Solids

Acid Digest/MS analysis
Meter
Meter
Total Dissolved Solids-Gravimetric
Total Dissolved Solids-0.64 x Conductivity
Spectrophotometry
Distillation/Titration
Acid Digestion/Colourimetric
Gravimetric or in-house chromatography
Titration or in-house chromatography
Titration
Titration
Total Suspended Solids-Gravimetric
Biochemical Oxygen Demand
Chemical Oxygen Demand
Dried @ 103-105°C

APHA 3111 A B/3030 H
APHA 4500 HB
APHA 2510 B
APHA 2540 C
APHA 2510 B
APHA 4500 NO3B
APHA 4500 NH3 B/E
APHA 4500 -P/B
APHA 4500 SO4 B/E
APHA 4500 Cl B
APHA 2320 B
APHA 2320 B
APHA 2540 D
APHA 5210B
APHA 5220C
APHA 2540 B

Phenols

Distillation/ColourimetriC

5530 B/C

Sulphide

Titration

4500 S2 E

Thiocyanate

Colourimetric

4500-CN M

Ferrous Iron

Colourimetric

3500 Fe D

Ortho Phosphate (soluble
reactive phosphorus)

Spectrophotometer

4500-PE

Kjeldahl nitrogen

Digest/Distillation/TitratiOn

4500 Norg B/4500 NH3 E

Free cyanide

Colourimetric

4500 CN E

Weak acid dissociable
cyanide

Distillation/Colourimetric

4500 CNI/4500 CNE

Total cyanide

Distillation/Colourimetric

4500 CNC/4500 CNE

NIS

Solvent Extraction/MS analysis

Government Chem Lab

MBAS

Solvent Extraction/Colourimetric

5540C

Fluoride

Selective Ion Electrode

4500 FC

Metals

MS analysis

3111 B/D

page 2 of 3

&Arialabs
CLIENT:
PROJECT NO:

Sinclair Knight Merz
COC 0595

OUR REFERENCE: 113076.09.24971

CERTIFICATE OF ANALYSIS

SAMPLE

Water

CHEMICAL DA TA

(mg/I)

Ammoniacal-N itrogen
Ortho Phosphate
Lead

NH3-N
P
Pb

<0.05
0.20
<0.001
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Analabs Ply. 1.1(1.
CN 004 591 664
0 Nlorray Rd. \\e'Isli pool
Vestern Australia 6106.
.0. Box 210, Bent cv, W.A. 6102
cle1)lione: (619) 458 7999
elex: AA 92560
acsiniilc: (619) 458 2922

Aiialab.sF
—1
__No.

- FftE Vb4t(

00 1

LABORATORY REPORT COVERSHEET
DATE:

26 June 1995

TO:

Sinclair Knight Merz
7th Floor Durack House

lb

263 Adelaide Terrace
PERTH WA 6000

ATTENTION:

I Bruce

YOUR REFERENCE:

0593

OUR REFERENCE:

113076.09.24854

SAMPLES RECEIVED:

29/5/95

DESCRIPTION:

Four (4) water samples were received for analysis.

NATA REGISTRATION NO:

1712

Analysis performed to the procedures of APHA methods, 18th edition, 1992.

THIS DOCUMENT MUST NOT BE REPRODUCED EXCEPT IN FULL
page 1 of 10

&jAiialabs
OUR REFERENCE:

Sinclair Knight Merz

CLIENT:

113076.09.24854

METHODOLOGY
Method

Abbrevatton

Analabs Method Reference

& G (gray)

Oil and Grease - Solvent
Extraction/GravimetliC.

Analabs' Method EO-500

& G (FTIR)/HydrocarbOflS

Oil and Grease - Solvent Extraction/FTIR.

Analabs' Method EO-500

General Water Analysis
Metals (Total)
pH
Conductivity
TDS(grav)
TDS(calc)
Nitrate-Nitrogen
Arnmoniacal-Nitrogen
Total Phosphorus
Sulphate
Chloride
Bicarbonate
Carbonate
Total Suspended Solids(TSS)
BOD
COD
Total Solids

Acid Digest/MS analysis
Meter
Meter
Total Dissolved Solids-Gravimetric
Total Dissolved Solids-0.64 x Conductivity
SpectrophotometrY
Distillation/Titration
Acid Digestion/Colourimetric
Gravinietric or in-house chromatography
Titration or in-house chromatography
Titration
Titration
Total Suspended Solids-Gravimetric
Biochemical Oxygen Demand
Chemical Oxygen Demand
Dried @ 103-105°C

APHA 3111 A 6/3030 H
APHA 4500 HB
APHA 2510 B
APHA 2540 C
APHA 2510 B
APHA 4500 NO3B
APHA 4500 NH3 B/E
APHA 4500 -P/B
APHA 4500 So4 B/E
APHA 4500 Cl B
APHA 2320 B
APHA 2320 B
APHA 2540 D
APHA 52106
APHA 5220C
APHA 2540 B

Phenols

Distillation/COlourimetriC

5530 B/C

Suiphide

Titration

4500 S2 E

Thiocyanate

ColourimetriC

4500-CN M

Ferrous Iron

Colourimetric

3500 Fe D

Ortho Phosphate (soluble
reactive phosphorus)

SpectrophotOmeter

4500-PE

Kjeldahl nitrogen

Digest/Distillation/Titration

4500 Norg B/4500 NH3 E

Free cyanide

ColourimetriC

4500 CN E

Weak acid dissociable
cyanide

Distillatiofl/ColOUrimetric

4500 CN1/4500 CNE

Total cyanide

DistiUation/ColOUrimetric

4500 CNC/4500 CNE

NIS

Solvent Extraction/MS analysis

Government Chem Lab

MBAS

Solvent Extraction/COloUrimetric

5540C

Selective Ion Electrode

4500 FC

MS analysis

3111 B/D

(IR)

-

Fluoride
rM

etals

-
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CLIENT:

OUR REFERENCE: 113076.09.24854

Sinclair Knight Merz

METHODOLOGY

Abbreviation

Reference Methods

Method

& G (gray)

Oil and Grease - Solvent
Extraction/GravimetriC.

Analabs' Method EO-500

& G (FTIR)

Oil and Grease - Solvent Extraction/FTIR.

Analabs' Method EO-500

TPH (FTIR)

Total Petroleum Hydrocarbons - Solvent
Ext ractio n/FTIR.

Analabs' Method EO-500

TPH (GC)

Total Petroleum Hydrocarbons - Solvent
Extraction/GC-Fl D.

Analabs' Method EO-200

BTEX

Benzene, Toluene, Ethylbenzene and Xylenes
Headspace Extraction/GC-FID.

VCH

Volatile Chlorinated Hydrocarbons Headspace Extraction/GC-ECD.

Analabs' Method EO-600

PAH

Polycyclic Aromatic Hydrocarbons - Solvent
Extraction/HPLC Fluorescence Detection

Analabs' Method EO-400

OC and OP Pesticides

Organochiorine and Organophosphorus
Pesticides - Solvent Extraction/GC-ECD.

Analabs' Method EO-100

PCB

Polychiorinated Biphenyls - Solvent
Extraction/GC-ECD.

Analabs' Method EQ-i 00

Metals-Soils

Low Temperature Nitric/Hydrogen
Peroxide/Hydrochloric Acid Digestion.

Analabs' Method El-i 00
______________________________

Metals-Waters

Filtration/Acidification/MS analysis

-

Analabs' Method EO-300

APHA 3111 B
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CLIENT:

Sinclair Knight Merz

OUR REFERENCE: 113076.09.24854

REPORTING BASIS

All results for soils are reported on a dried (105°C) basis, for waters on an 'as received' basis.

QUALITY CONTROL

he following Quality Control Procedures are incorporated into all analytical procedures:
-

Five percent of samples analysed are reagent/procedural blanks.
Standards extending throughout the expected range of results are run at the beginning and
during each set of analyses.
A sample is analysed in duplicate at least once every 20 samples or once for each separate
job.
Recoveries are performed at least once in every 20 samples or one for each job.
Whenever available, control samples are run with each set of samples.

SAMPLE STORAGE

Samples are refrigerated for 14 days after receival, then stored at ambient temperature for 3 months.
Unless otherwise requested,the samples are then disposed of appropriately.

page 4 of 10

OUR REFERENCE: 113076.09.24854

Sinclair Knight Merz

CLIENT:

CERTIFICATE OF ANALYSIS

13, 14, 15, 16

SAMPLE

HEMICA L DA TA

SAMPLE IDENTIFICATION
PARAMETERS

13

14

15

16

0.003

0.004

0.004

Lead

Pb

(mg/I)

0.006

Ammoniacal-NitrOgen

NH3-N

(mg/I)

0.25

Ortho Phosphorus

P

(mg/I)

<0.05

1

n/a
n/a

1

1.10
0.15

1

0.60
0.15

n/a denotes not applicable
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&Axialabs
OUR REFERENCE:

Sinclair Knight Merz
PROJECT NAME: Southern River

CLIENT:

Your Reference

Ad

13

m
I

15

j

24854

I

16

Our Reference

24854-1

24854-3

24854-4

Blank

Sample Type

Water

Water

Water

Water

Units

pg/I

pg/I

pg/I

pg/I

Arochlor 1016

<0.2

<0.2

<0.2

<0.2

Arochlor 1221

<0.2

<0.2

<0.2

<0.2

Arochlor 1232

<0.2

<0.2

<0.2

<0.2

Arochlor 1242

<0.2

<0.2

<0.2

<0.2

Arochlor 1248

<0.2

<0.2

<0.2

<0.2

Arochlor 1254

<0.2

<0.2

<0.2

<0.2

Arochlor 1260

<0.2

<0.2

<0.2

<0.2
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OUR REFERENCE: 24854

Sinclair Knight Merz
CLIENT:
PROJECT NAME: Southern River

Your Reference

13

15

16

Our Reference

24854-1

24854-3

24854-4

Blank

Sample Type

Water

Water

Water

Water

pg/I

pg/I

pg/I

pg/I

Naphthalene

<0.5

<0.5

<0.5

<0.5

Acenaphthylene

<0.5

<0.5

<0.5

<0.5

Acenaphthene

<0.5

<0.5

<0.5

<0.5

Fluorene

<0.5

<0.5

<0.5

<0.5

Phenanthrene

<0.5

<0.5

<0.5

<0.5

Anthracene

<0.5

<0.5

<0.5

<0.5

Fluoranthene

<0.5

<0.5

<0.5

<0.5

Pyrene

<0.5

<0.5

<0.5

<0.5

Benzo[a]anthracene

<0.5

<0.5

<0.5

<0.5

Chrysene

<0.5

<0.5

<0.5

<0.5

Benzo[b]fluoranthefle

<0.5

<0.5

<0.5

<0.5

Benzo[k]fluoranthefle

<0.5

<0.5

<0.5

<0.5

Benzo[a]pyrene

<0.5

<0.5

<0.5

<0.5

Dibenzo[ah]anthraCefle

<0.5

<0.5

<0.5

<0.5

Benzo[ghi]perylene

<0.5

<0.5

<0.5

<0.5

Indeno[12,3-cd]pyrefle

<0.5

<0.5

<0.5

<0.5

Units

X.

r-
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SINCLAIR KNIGHT MERZ
Sinclair Knight Merz Ply Ltd

Job No: WE1029.200

A.C,N. 00* 024 090
On,ack Cenl,a, 263 Adelaide Tee Pe,ih,
WA 6000 Aosl,alia

Telephone 1081 9768 4400
Faco,*nile 1081 9268 4488

TITLE

8,0

40

METRES

LOCATION OF
CONTAMINATION

120

4
Mapping by tandinlo
Job No. PE00396.10
December 1998

FIGURE 3

OUR REFERENCE: 24854

Sindair Knight Merz
CLIENT:
PROJECT NAME: Southern River

OC PESTICIDES
Your Reference

13

14

15

16

Our Reference

24854-1

24854-2

24854-3

24854-4

Blank

Sample Type

Water

Water

Water

Water

Water

Units

pg/I

pg/I

pg/I

pg/I

pg/I

HCB

<0.2

<0.2

<0.2

<0.2

<0.2

cx-BHC

<0.2

<0.2

<0.2

<0.2

<0.2

Lindane

<0.2

<0.2

<0.2

<0.2

<0.2

Heptachlor

<0.2

<0.2

<0.2

<0.2

<0.2

AIdrin

<0.2

<0.2

<0.2

<0.2

<0.2

/3-BHC

<0.2

<0.2

<0.2

<0.2

<0.2

Oxychlordane

<0.2

<0.2

<0.2

<0.2

<0.2

Heptachior Epoxide

<0.2

<0.2

<0.2

<0.2

<0.2

o-Endosulfan

<0.2

<0.2

<0.2

<0.2

<0.2

y-Chlordane

<0.2

<0.2

<0.2

<0.2

<0.2

cz-Chlordane

<0.2

<0.2

<0.2

<0.2

<0.2

pp-DDE

<0.2

<0.2

<0.2

<0.2

<0.2

Dieldrin

<0.2

<0.2

<0.2

<0.2

<0.2

Endrin

<0.2

<0.2

<0.2

<0.2

<0.2

pp-ODD

<0.2

<0.2

<0.2

<0.2

<0.2

$-Endosulfan

<0.2

<0.2

<0.2

<0.2

<0.2

pp'-DDT

<0.2

<0.2

<0.2

<0.2

<0.2

Methoxychlor

<0.2

<0.2

<0.2

<0.2

<0.2

Endosulfan Suphate

<0.2

<0.2

<0.2

<0.2

<0.2
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Sinclair Knight Mêrz
CLIENT:
PROJECT NAME: Southern River

OUR REFERENCE: 24854.

OC PESTICIDES
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OUR REFERENCE: 24854

Sinclair Knight Merz
CLIENT:
PROJECT NAME: Southern River

vCH.
13

15

16

24854-1

24854-3

24854-4

Blank

Recovery

Water

Water

Water

Water

Water

pg/I

pg/I

<5

<5

<5

<5

94

1,1,1-Trichloroethane

<5

<5

<5

<5

89

Carbon Tetrachloride

<5

<5

<5

<5

Trichloroethylefle

<5

<5

<5

<5

91

<5

<5

<5

<5

90

Your Reference

Our Reference

I
I
P
I

Sample Type

_Units_________________________________
_Chloroform

I

(

I

jig/I

-

92

page 10 of 10

Chemistry Centre (1995)

04/96.ibb.V 344:001 .Ibb.0O3

79

Gosnells Liquid Waste Disposal Site

Your Ref
Our Ref : 95E0120; 3.1.9

CENTRE

Enquiries to
Telephone
RCL

Sinclair Knight Merz
263 Adelaide Terrace
PERTH WA 6000
Attention: I. Bruce

\iHo1

J)SNo.

'!FtJA/l
FLE

IL'L,L;k:cQl

REPORT ON 50 SAMPLES OF WATER RECEIVED 21/7/95
95E0120/001
95E0120/002
95E0120/003
95E0120/004
95E0120/005
95E0120/006
95E0120/007
95E0120/008
95E0120/009
95E0120/010
95E0120/01 I
95E0120/012
95E0 120/013
95E0120/014
95E0120/015
95E0120/016
95E0120/017
95E0 120/018
95E0120/019
95E0120/020
95E0120/021
95E0120/022
95E0 120/023
95E0120/024
95E0120/025
95E0120/026
95E0120/027
95E0120/028
95E0120/029
95E0120/030
95E0120/031
95E0120/032
95E0120/033
95E0120/034
95E0120/035
95E0120/036
95E0120/037
95E0120/038
95E0 120/039

!.
Private Bore
Private Bore
,
Private Bore
Southern River Rd. Property
Southern River Rd. Property
Main Drain In
Kennel zone drain
Main Drain out
Multi Port Bore 1, One port only due to fire damage, Depth unknown
Multi Port Bore 2; 1 Im
Multi Port Bore 2; 25m
Multi Port Bore 2; 35m
Multi Piezometer Bores, Shallow
Multi Piezometer Bores, Medium
Multi Piezometer Bores, Deep
Multi Piezometer Bores, Shallow
Multi Piezometer Bores, Medium
Multi Piezometer Bores, Deep
Multi Piezometer Bores, Shallow
Multi Piezometer Bores, Medium
Multi Piezometer Bores, Deep
Multi Piezometer Bores, Shallow
Multi Piezometer Bores, Medium
Multi Piezometer Bores, Deep
Private Bore
Private Bore
Private Bore
Southern River Rd. Property
Southern River Rd. Property
Main drain in
Kennel Zone drain
Main drain out
Multi Port Bore 1,One Port only due to fire damage, Depth unknown
Multi Port Bore 2
Multi Port Bore 2
Multi Port Bore 2; 35m
Multi Piezometer Bores, Shallow
Multi Piezometer Bores, Medium
Multi Piezometer Bores, Deep

Chemistry Centre (WA)

R

1/6

125 Hay Street, East Perth, Western Australia 6004 Phone (09) 222 3177, Facsimile (09) 325 7767

95E0120/040
95E0120/041
95E0120/042
95E0 120/043
95E0 120/044
95E0120/045
95E0120/046
95E0 120/047
95E0120/048
95E0120/049
95E0120/050

Multi Piezorneter Bores, Shallow
Multi Piezorneter Bores, Medium
Multi Piezorneter Bores, Deep
Multi Piezometer Bores, Shallow
Multi Piezorneter Bores, Mcdi urn
Multi Piezorneter Bores, Deep
Multi Piezorneter Bores, Shallow
Multi Piezorneter Bores, Medium
Multi Piezorneter Bores, Deep
Water Authority Bore
Water Authority Bore

Inorganic Analysis
CCWA ID
Client ID
Sampled
Analyte
Pb diss

CCWA ID
Client ID
Sampled
Analyte
Pb diss
CCWA ID
Client ID
Sampled
Analyte
Pb diss
CCWA ID
Client ID
Sampled
Analyte
Pb diss
CCWA ID
Client ID
Sampled
Analyte
As total
Ba total
Cd total
Cr total
Cu total
Ni total
Pb diss
Pb total
Se total
Zn total
RD.95E0120.DOC
1

111/95

Unit
rng/L

Unit
mg/L

Unit
mg/L

Unit
mg/L

Unit
mg/L
mg/L
mg/L
mg/L
nig/L
mg/L
rng/L
mg/L
mg/L
mg/L

95E0120/001
Madison Rd F
20:07/95

95E0120/002
Ranford Rd F
20/07/95

95E0120/003
Homes Rd F
20/07/95

95E0120/004
Soak I F
20/07/95

95E0120/005
Soak 2 F
20/07/95

<0.0005

<0.0005

<0.0005

0.0043

0.0051

95E0 120/006
MD/In F
20'07!95

95E0120/007
KZ/Drain F
20/07/95

95E0120/008
M/D out F
20/07/95

95E0120/009
MPB1 F
20/07/95

95E0120/010
MPB2 Red F
20/07/95

0.0008

0.0055

0.0030

0.0087

0.0009

95E0120/011
MP132 Green F
20,07/95

95E0120/012
MPB2 Blue F
20/07/95

95E0120/013
MP1 S F
20/07/95

95E0120!014
MP1 M F
20/07/95

95E01201015
MP1 D F
20/07/95

0.0014

0.0010

0.0013

0.0008

<0.0005

95E0120/016
MP2SF
2007/95

95E0120/017
MP2MF
20/07/95

95E0120/018
MP2DF
20/07/95

95E0120/019
MP3SF
20/07/95

95E0120/020
MP3MF
20/07/95

0.0008

<0.0005

0.0021

0.0020

<0.0005

95E0 120/021
MP3 D F
2007/95

95E0120/022
MP4 S F
20/07/95

95E0120/023
MP4 M F
20/07/95

95E0120/024
MP4 D F
20/07/95

95E0120/025
Madison RUF
20/07/95

-

-

-

.-

0.0005
-

<0.0005
-

<0.0005
-

<0.0005
-

-

-

-

-

0.005
0.099
<0.00 1
0.015
<0.001
0.003
0.0030
<0.005
0.02
2/6

95E0120/026
Ranford RUF
20/07/95

CCWA ID
Client ID

Sampled
Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cu total
Ni total
Pb total
Se total
Zn total
CCWA ID
Client ID
Sampled
Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cr total
Cu total
Ni total
Pb total
Se total
Zn total

Unit
mg/L
mg/L
mg/L
mg/U
mg/L
mg/L
rng/L
mg/L
mg/L
mg/L

Unit
mg/L
mg/L
mg/L
mg/L
mg/U
nig/LI
mg/L
mg/U
mg/U
mg/L
mg/L

CCWA ID

Client ID
Sampled
Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cr total
Cu total
Ni total
Pb total
Se total
Zn total

RD.9501121100C
1 I/X195

Unit
mg/L
mg/L
mg/L
mg/L
mg/L
mg/U
mg/L
nig/L
mg/L
mg/U
mg/L

0.0006
0.09

95E0120/027
Homes Rd UF
20/07/95
<0.0005
0.06

-

95E0120/028
Soak I UF
20/07/95
0.0009

-

<0.0005
0.012
<0.0005
0.002
<0.0005
<0.005
<0.02

<0.0005
0.029
0.0046
0.001
<0.0005
<0.005
0.02

0.008
<0.0005
0.0023
0.0059
0.002
0.0058
<0.005
0.02

95E0120/031
KZ/drain UF
20/07/95

95E0120/032
M/D out UF
20/07/95

95E0120/033
MPB I UF
20/07/95

-

0.0042
0.014

<0.0005

-

0.0018

0.04.
<0.0005

-

0.015
0.003

<0.0005

95E0120/029
Soak 2 UF
20/07/95
0.0019

-

0.0013

-

0.005
<0.0005
0.0028
0.0034
0.002
0.0077
<0.005
<0.02

0.027
<0.0005
0.0019
0.0033
0.001
0.0015
<0.005
0.02

95E0120/034
MP132 Red UF
20/07/95

95E0120/035
MP132 GrnUF
20/07/95

0.0057

0.04
<0.0005

-

-

95E0120/030
MD/in RUF
20/07/95

0.13

0.22
0.002
0.91

-

0.0037
0.0054
0.003
0.0059
<0.005
<0.02

0.0034
0.0048
0.002
0.0030
<0.005
0.02

0.0084
0.0085
0.008
0.011
<0.005
0.13

0.0029
0.0040
0.008
0.0017
<0.005
0.15

0.019
0.044
0.056
<0.005
0.46

95E0120/036
MP132 Blue UF
20/07/95

95E0120/037
MPI S UF
20/07/95

95E0120/038
MPI M UF
20/07/95

95E0120/039
MPI D UF
20/07/95

95E0120/040
MP2 S UF
20/07/95

0.039
0.14

0.0007
0.010

-

-

<0.001

0.40
0.014
0.016
0.012
<0.005
0.25

<0.0005
0.0068

0.003
0.021
0.0014
<0.005
0.72

0.0007

0.0043

-

-

0.10
<0.0005
0.0014

0.002
0.001
<0.0005
<0.005
<0.02

0.15
<0.0005

0.07
0.0034
0.004
0.0041
<0.005
0.02

0.032
0.030

<0.0005
0.012

0.011

0.0031
<0.005
- 0.02
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CCWA ID
Client ID

Sampled
Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cr total
Cu total
Ni total
Pb total
Se total
Zn total

Unit
niglL
ii g/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
nig/L

CCWA ID
Client ID

Sampled
Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cr total
Cu total
Ni total
Pb diss
Pb total
Se total
Zn total

Analyte
As total
Ba total
Ba total
Cd total
Cr total
Cr total
Cu total
E Cond
Ni total
Ni total
Pb diss
Pb total
Se total
Zn total
Zn total
pj.95E(II20.DOC
I I/I95

Unit
nig/L
mg/L
nig/L
rng/L
rng/L
nig/L
nig/L
nig/L
mg/L
rng/L
ing/L
mg/L

95E0120/041
MP2 M UF

95E0120/042
MP2 D UF

20107/95

20/07/95

95E0120/043
MP3 S UF
20/07/95

0.003

0.055

0.0079
0.12

<0.0005

-

0.082
<0.001

-

0.0073
0.0021
0.008
0.0026
<0.005
<0.02

0.026
0.011
0.016
0.018
<0.005
0.12

95E0120/046
i\1P4 S UF
20,r07/95

95E0120/047
MP4 M UF
20/07/95

0.0037
0.006

<0.0005
0.018

0.028
0.0009
0.04

-

95E0120/049
1-85 bore F
20/07/95

95E0120/050
1-85 bore UF
20/07/95

0.0045

0.14
<0.0005

-

0.0020
0.003

-

-

-

Method
iELE1WTIM
iELEIWTIM
iMET1\VTIP
iELEWTIIVI
jELEWTJM
iMET1WTIP
jMETWT1M
jEC1WZSW
iMET1WTIP
iELEIWIIM
iELE1WD1M
iELE11KTIM
iMET1WTIM
iELE1WTIM
iMETIWTIP

<0.0005
<0.005
<0.02

-

95E0120/04.8
MP4 D UF
20/07/95

0.0067
0.016
0.0035
<0.005
0.03

-

<0.0005
0.12

0.026
<0.005
7

-

-

-

<0.0005

0.0088
0.12

0.014
0.026
0.014
<0.005
0.12

0.08
0.0061
0.006

-

0.0011
0.11

95E0120/045
MP 3 D UF
20/07/95

0.0025
0.0016
0.006
<0.0005
<0.005
<0.02

0.018

0.0014
0.08
<0.0005
0.0027

95E0120/044
MP3 M UF
20/07/95

0.0072
<0.005
0.04

0.0009

--

0.020
0.072

<0.001
0.027

0.004
0.005

0.005
<0.005
<0.02

Description
Arsenic, total
Barium, total
Barium, total
Cadmium. total
Chromium, total
Chromium, total
Copper, total
Electrical Conductivity, 25°C
Nickel, total
Nickel, total
Lead, dissolved in solution (<0.45 ltm)
Lead, total
Selenium, total
Zinc, total
Zinc, total
4/6

Sample collection was supervised by R. D'Ercole from the Chemistry Centre. Field
filtering was undertaken for in-solution analysis - sample IDs with 'F'. Unfiltered
samples have ID's ending with 'UF'.
Where analyte concentrations are above approximately 0.050 mg/L for the method
jELEWTIM the alternative method iELEIWTIP is utilised.
Organic Analysis
CCWA ID
Client 1D
Sampled
Analyte Unit
BTEX *
benzene**
toluene
ethyl benzene
xylenes
aliphatic HCs

95E0120/040
MP2 S UF
20/07/95
ig/L
<1
<1
<1
<1
<5

95E0120/041 95E0120/042
MP2 D UF
MP2 M UF
20/07/95
20/07/95
tg/L
tg/L
<1
<1
1.2
<1
13.6

1.4
<1
<1
<1
<5

* Limit of detection = 1tg/L
** Threshold limit value for benzene in drinking water = 10 tg/L. Benzene is
considered the worst case and used as an indicator of contamination of
petrochemicals. (National Health and Medical Research Council, 1988)
***LjI1jt of detection = 5ig/L
Organic contaminants in 95E0120/040
terpene type natural compounds eg. camphor and eucalyptol,
naphthalene, dihydrornethyl naphthalene,
heptenylbenzene
sulphur
Method Of Analysis:
Gas-Chromatography/Mass- Spectrometry (GC/MS) for aliphatic hydrocarbons,
BTEXs and scan for volatile organic materials in water samples.
Cornment:
The detected levels of BTEXs and aliphatic hydrocarbons were below the threshold
limit values for drinking water as tabled in the guidelines of the NH&MRC.

RD-9SE0120.DOC
I IIIP)5

5/6

Camphor, eucalyptol and the other terpenes found are naturally occurring materials
of plant origin. Naphtha!ene and the dihydrornethylnaphthalenone and also
heptenylbenzene can be found in plants. All these compounds are present in the
water sample at very low concentrations and would not be of any concern.
Sulphur was found at rather high levels, it is very likely the decomposition product
of plants or micro organisms, due to the action of sulphur bacteria.

Samples only analysed as received.

R. DERCOLE
J.C.
J .C. McGUIRE
ACTING PRINCIPAL CHEMIST CHEMIST & RESEARCH OFFICER
ENVIRONMENTAL CHEMISTRY LABORATORY
11 August, 1995

RD-95E0120DOC
1 If/95
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Appendix E - Groundwater Pumping Data
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WATER AUTHORITY OF WESTERN AUSTRALIA
PERTH SOUTh REGION
MEASUREMENT SERVICES

GROUNDWATER SAMPLING AT SOUThERN RIVER

Report on Sampling
Conducted on
19-20 July, 1995

WP2139

Measurement Services - Water Authority

August 1995

Page 2
INTRODUCTION
1.1

Sampling of groundwater in the Southern River area was required for the
preparation of a Consultative Environmental Review (CER) for the development of
an area which was formerly a Liquid Waste Disposal Site.

1.2

Sampling of nominated bores in the Southern River Area was undertaken by staff
from the Water Authority in conjunction with personnel from the Chemistry
Centre of WA and City of Gosnells, on Wednesday 19 and Thursday 20 July,
1995. This short report describes the methods used to obtain the samples and the
outcome of the sampling conducted by the Water Authority.

1.3

Sampling of Forrestdale Main Drain and private bores were not conducted as part
of this project.
MOMTORING SITES

The following sites were sampled by Water Authority staff.
Multiport Bores:
MPB-1
MPB-2

Multiport Bore 1
Multiport Bore 2

Multipiezometer Bores:
MP1
MP2
MP3
MP4
Water Authority Monitoring Bores
T85
Plans of the Multiport bores and Multipiezometer Bores are attached at Appendix A. A
site plan of Water Authority bore T85 is also included at Appendix A.

WP2 139

Measurement Services - Water Authority

August 1995
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METHODOLOGY
3.1

Multiport Bores

Two litres (2L) of water was evacuated from each "port" with a vacuum pump, prior to
obtaining a sample for analysis.
3.2

Multipiezometer Bores & Water Authority Monitoring Bore

The casing volume of each bore was calculated from on-site measurements, and at least
four times this volume of water was removed from the bore using a pre-rinsed
submersible pump. When the required volume had been removed from the bore, the flow
rate was reduced and a sample obtained from the pump flow.
OUTCOMES
Appendix B contains a table which summarises the outcomes of the sampling programme.
4.1

Multiport Bores

Samples were required from two multiport bores, each consisting of five "ports".
Samples were successfully obtained from 3 ports of MPB-l. The remaining two ports
were blocked.
A sample was obtained from only one port of MPB-2. The remaining four ports of this
bore could not be sampled as the sampling tubes had been damaged by fire.
4.2

Multipiezometer Bores & Water Authority Monitoring Bore

Samples were successfully obtained from the four multipiezometer bores pumped. As
each multipiezometer bore consists of a cluster of three 50mm diameter bores, a total of
12 samples were obtained from these bores.
Water Authority bore T85 was successfully sampled.

WP2139

Measurement Services - Water Authority

August 1995

Page 4
5.

DISCUSSION

5.1

Samnling Methodolo

The Water Authority standard of removing at least four casing volumes of water from
each monitoring well prior to sampling, was employed for this project. This is to ensure
that the sample obtained from the bore is representative of the groundwater aquifer.
The sampling methodology for multiports was different from that employed for
conventionally constructed wells. The removal of two litres (2L) of water from each port
prior to sampling is the method recommended by Geological Survey of WA1 .

5.2

Condition of Monitoring Bores

The condition of each well was discussed on site with the project superintendent by Water
Authority staff conducting the sampling. A summary of the main points relating to the
condition of the monitoring bores is listed below.
5.2.1 Multiport Bores
MPB-1

-

MPB-2

-

two ports (Black,Yellow) were blocked and samples were not
able to be obtained.
the remaining three ports (Red, Green Blue) are in good
condition for sampling.
headworks are damaged
tubes to ports have been damaged by fife
reinstatement of this bore may require excavation of
headworks, and refitting of tubes to damaged ports.
sample was successfully obtained from one port (Black)

5.2.2 Multipiezometer Bores
All of these bores were in excellent condition and were able to be successfully evacuated
and sampled. Painting of the outer steel casings of these wells would reduce corrosion,
and make them more visible, reducing the potential for accidental physical damage.

1.

WP2139

}IIRSCHBERG, K.J. Guidelines for Groundwater Monitoring at Municipal Landfill Sites
Hydrogeology Report No 1991/67, Geological Survey of WA, Perth, 1992.

Measurement Services - Water Authority

August 1995

APPENDIX A
BORE DIAGRAMS AND SITE PLANS
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GROUNDWATER
TECHNOLOGY
AUSTRALIA

Multipiezometer Well MP31A

Owner City of Gosne/Is
roject Liouid)Vaste Diposnl Site
Proj. No. W9123
.ocation Southern River Road
Diameter 200 mm
Surface Elev. ?Q- Total Hole Depth 13 m
Water Level Initial ________ Static
Top of Casing
Type/Size 005 T61
Length
Screen: Dia 50 1711n
T ype Class /8 PVC
Casing: Dia 50'2___—lj L ngth
Rig/Core
Fill Material §andPaçk
Cable Tool
Oliver
Drill/no
Method
)riIl Co
Date 20/04/94 Pe rmit #
_Log By W. T. Oliver
Driller W. T. Olivef
Throssell
License No.
Checked By

r

C
o
-

II

0

II

l

oe

I

° II
Oil

ii

il

c

°
m l
mXIi

°

I 'Gu I

oil

'°
in

See Site Map
For Boring Location
COMMENTS:
Static water levels 6/5/94 M?SM

3.2

D es_cr_i_pt ion

Texture, Structure)
I Trace < 10%. Little(Color,
10% to 20%. Some 20% to 35%, And 35% to 50%

IN

Hard grey SAND.
White, moderately sorted, sub-angular to rounded SAND.

2
3

Brown, fine to medium, poorly sorted, sub-angular to rounded SAND
with inter-bedded coffee rock.

4
5
6
7
8
9
10
11
12
13

ii
Pale brown, poorly sorted, sub-angular to rounded SAND.

II

END OF HOLE
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15
16
17
18
19

ii
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GROUNDWATER
TEC'HNOLOGY
. LJAUSTRALrA

Multipiezometer Well MP4

Owner ILvof Gosnells
project LiQuid Waste Disposal Site
Southern
River
Road
Location
- Proj. No. W9123
Surface Elev. 24.795 m Total Hole Depth 42.0 m
Diameter 200mm
Water Level Initial ________ Static
Top of Casing
Length
Screen: Dia 50
Type/Size 0.05 mm
Length
Type Class IS PVC
Casing: Dia 50 rET,
Flu Material Sand Pack
Rig/Core
Oliver
Drift'ic
Cable
Tool
Method
Drill Co.
""
DriHer W. T. Oliver
Log By U. T. Oliver
Date
Permit
John
Throssell
License No.
Checked By

,

eB
E
o

—

n

See Site Map
For Boring Location
COMMENTS:

Description
(Color, Texture, Structure)
Trace < 0%, Little lOX to 20%, Some 20% to 35%, And 35% to 50%
--

White, moderately sorted, sub-angular to rounded SAND.

-

M
.

11IIT11P

Coffee SOCK.

Hill
11

:

8

.

-10

11

Dark b:owr, poorly sorted, sub-angular to rounded SAND and
coffee rock.

J.
•.

- 13

Brown, hne to poorly sorted, sub-angular to rounded SAND with
\s1nllave 01 car tjrowu shea Methard and HS de acted

14
15

Grey born, pooly so tea, sub - angular to rounded SAND.
—_-______ _________________
Dark brown, poorly sorted, sub-angular to rounded SAND.

•••

17
18

rIF
1iPa

J.

19 ................

I

n r)o

>' so tLd

j-ag far to rounded SAND.
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GROUNDWATER
TECHNOLOGY
11AUSTRALIA

Multipiezometer Well MP4

00
0E
'7

Owner City of Gosnells
Proj. No. W9/23

pràject iY1_}''3.ct0 Disoosal Site
Southern River Road

-

Deschption
°

0

2 c

(Color, Texture, Structure)

0

Trace

< 10%, Little 10% to 20%. Some 20% to 35%, And 35% to 50%

21
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23-EL
A
£9

•

.

H1-. ...
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.

.......

.

Grey, poorly sorted, sub-angular to rounded SAND.
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- -S

26

id
•

-29
30

l

- : :

Dark,grey brown SAND.

- 31
32
/1

-33

/
Grey, poorly sorted, sub-angular to rounded SANDS and sandy

35

:1/fl

- 36

-37
38

it

I

Grey, poorly sorted, sub-angular to rounded SAND.

••.:

-40

-

4::-:
-

-42 -Hj

Black and grey CLAY

Black SHALE.

lL

-

Grey tLA
\Gro'_SAt'D witn

tei-bcdnd CLY.

END OF HOLE.
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A.H.O.
(metres)

BlOC.
(metres)

21.791

00.000

21.759

0.002

21.670

0.121

20.170

1.621

—10.330

32.621

Below Top of Casing
Top Sleet Casing
Top of Valve
Top P.V.C. Pipe
Natural Surface
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TOy.
T.P.V.C.
W.S.
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Bore
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Sand Track
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SUMMARY OF SAMPLING

WP2139

Measurement Services - Water Authority

August 1995

SUMMARY OF SAMPLING

Table 1

NOTE: All depths refer to top of PVC casing of bore, unless stated otherwise
JAME

T(.)TAL
I)EPTI I

WATFR
(:ASTNG
DlA1 El'ER I JiVEL

MULTIPIEZOMETER WELLS
19.7.95

MP3 - Deep

33.200

0.050

3.450

260

19.7.95

MP3-Medium

13.150

0.050

2.550

103

19.7.95

MP3 - Shallow

4.000

0.050

1.600

40

19.7.95

MP2 - Deep

42.650

0.050

4.000

340

19.7.95

MP2 - Medium

14.600

0.050

2.900

200

19.7.95

MP2 - Shallow

4.800

0.050

2.000

40

19.7.95

MP1 - Deep

33.600

0.050

3.500

240

19.7.95

MP1 - Medium

15.650

0.050

2.840

100

19.7.95

MP1 - Shallow

4.800

0.050

1.900

25

20.7.95

MP4 - Deep

41.800

0.050

3.500

333

20.7.95

MP4 - Medium

14.200

0.050

2.500

122

20.7.95

MP4 - Shallow

4.200

0.050

1.500

57

WP2139

Measurement Services - Water Authority

July 1995

DATE

BORE NAME

.

TOTAL
DEPTH
(mees)...

CASING
DIAMETER
(metres)

LEVEL
.

I(81üne
Extracted

(metreS):..... (Litre).:

Cfflthth
.

WATER AUThORITY OF WA MONITORING BORES
19.7.95

T85

33.200

0.080

0.700

670

Water Level Readings referenced to
the Top of Steel Casing.
Water Level = 21.089 m ARD

No Sample Obtained

MULTIPORT BORES
19.7.95

MPB-1 Black

N/A

0.080

N/A

0

19.7.95

MPB-1 Red

N/A

0.080

N/A

2

19.7.95

MPB-1 Yellow

N/A

0.080

N/A

0

19.7.95

MPB-1 Green

N/A

0.080

N/A

2

19.7.95

MPB-1 Blue

N/A

0.080

N/A

2

19.7.95

MPB-2 Black

N/A

0.080

N/A

2

19.7.95

MPB-2 Red

N/A

0.080

N/A

0

No Sample Obtained

19.7.95

MPB-2 Yellow

N/A

0.080

N/A

0

No Sample Obtained

19.7.95

MPB-2 Green

N/A

0.080

N/A

0

No Sample Obtained

19.7.95

MPB-2 Blue

N/A

0.080

N/A

0

No Sample Obtained

WP2139

Measurement Services - Water Authority

No Sample Obtained

July 1995
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Consultative Environmental Review (CER) of the Former
Southern River Liquid Waste Disposal Facility

The CER was requested by the Environmental Protection Authority (EPA) in
response to the City of Gosnells' management plan for the former liquid waste
disposal facility.
I The purpose of the CER is to outline potential health and environmental
effects of the former facility and to develop a plan which manages these
effects.
a The purpose of this public information session is:
S to make a wide variety of information available to interested groups and
individuals

a

IIJ

elicit response on management options
highlight concerns of groups and individuals
a An aerial photograph showing the general location of the facility is shown in
Figure 1.

Main Issues

M

M

Soil
Soil in the lagoon area of the former facility is contaminated at levels
which exceed regulatory thresholds.
There is some soil contamination to the east and west of the lagoon area.
Figure 2 shows a summary of the soil contamination.
Groundwater
Tests performed in 1994 showed that the concentrations of lead in the
groundwater around the facility exceed NHMRC guidelines for drinking
water. These results are presented in Figure 3.
Additional tests performed in 1995 showed lower concentrations of lead
in the groundwater around the facility. The 1995 concentrations were
below the NHMRC guidelines. These results are presented in Figure 4.

Land Use

The City of Gosnells does not plan to develop the former liquid waste disposal
facility within the next 10 to 15 years.
The Department of Planning has rezoned the land to the west and north of the
former facility to "urban deferred". A copy of the Metropolitan Regional
Scheme is shown right.
The deferred status was imposed by the Environmental Protection Authority.
It will be reassessed following submission of the CER to the EPA.

Management Options

m Soil Contamination
Clay capping of the lagoon area. The objectives of the clay capping are:
to prevent contact with the contaminated soil
to allow collection and venting and/or flaring of landfill gas
to minimise the infiltration of rainwater and manage the further
migration of contaminants from the site
Groundwater Contamination
Use rate notifications to inform residents of the potential risks associated
with drinking the local groundwater.
The provision of scheme water to properties where groundwater is used
for drinking water and that groundwater contains levels of lead above the
guidelines recommended by the NHMRC.

