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Executive summary
This report considers how a risk-based framework may be formulated to assess the
risk associated with the retention of contaminants in soil and groundwater at a site, at
concentrations that would not be acceptable without appropriate management, and
how this can be used to determine how the risk may be reduced to an acceptable level.
The project has been carried out by GHD Pty Ltd for CRC CARE, and has involved a
number of stakeholders, including the Victorian Environment Protection Authority
(Environment Protection Authority Victoria) and VicUrban, the Victorian Government’s
land development agency. This report has considered guidance that is in place in
Australia and internationally that relates to the containment of contamination on
contaminated sites, and has particularly considered the Victorian regulatory context.
While there is a focus on Victorian regulations and practice, similar approaches to the
assessment and management of contaminated land are applied in other Australian
jurisdictions and the findings and recommendations of this report can be expected to
have general applicability in Australia. The project has been undertaken in two parts:
•

Part 1 has examined the regulatory requirements both within Australia and
internationally for accepting and managing residual contamination at a site, and
was carried out by the University of South Australia separately from Part 2.

•

Part 2 has involved an assessment of the risks associated with accepting and
managing residual contamination at a site, and the controls that may make the risk
acceptable.

Under the present regulatory regimes in the various states and territories of Australia,
and internationally, it is common for contamination in excess of guideline levels to be
allowed to remain on a site, and the project has arisen out of the need for a more
transparent process for determining the circumstances under which this can occur.
The project has involved a review of the regulatory requirements that are relevant,
practice in the industry, and case examples. The key findings of the study are:
a)

Allowing contamination to remain in-situ on sites is allowed under Australian
regulatory guidance, and is already commonly practised. However, the basis for
making decisions on whether it is acceptable to allow contamination to remain is
not defined, and is generally made on the basis of expert judgement. There need
to be principles and guidance on this matter.

b)

There is information in the US (ASTM E2091-11 and ASTM E2435-05) on the
application of institutional and engineering controls on contamination that remains
in-situ on a site, and this guidance is helpful in identifying options and the
requirements for their practical application.

c)

The use of risk assessment as defined in Risk Management – Principles and
guidelines (Australian Standard and New Zealand Standard for Occupational
Health and Safety Management Systems, 2009) can be a useful method to assist
in deciding whether retention of contamination in-situ on a site is acceptable.

d)

There needs to be further discussion and consideration as to the basis for
assigning likelihood, severity and risk. A set of descriptors and a risk matrix to
assign risk in terms of likelihood and consequence has been provided. Assigning a
level of consequence requires knowledge about the nature of the contamination
involved and the effects that will result if the containment is not maintained.
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Assigning a level for likelihood requires knowledge about uncertainty and the level
of understanding of the situation, and the possibility that the containment might not
be maintained in the future. While quantitative measures of these indicators will
usually not be able to be determined, it is possible to assign measures on the
basis of judgement by persons experienced in the field. Although this in itself is not
without uncertainty, the requirement to consider likelihood and severity and from
this to determine the level of risk can be helpful in understanding the level of risk
that is involved.
e)

Stakeholders who can determine or influence a proposal need to be consulted.
If this requires community engagement, the engagement needs to be managed
carefully and published guidance should be referred to.

f)

The allocation of risk needs to be considered; i.e. who bears the risk (this might
include, for example, the site owner, the future owner, the auditor, council, or the
regulatory agency).

g)

The use of the results of the risk assessment to reach a decision as to whether
the in-situ retention of contamination is acceptable or not has been discussed
and it is concluded that this is dependent on the specific situation and regulatory
requirements. As long as the regulatory requirements for protection of human
health and the environment are complied with, it would seem that risks that are
‘low’ are likely to be acceptable, and risks that are ‘high’ are unlikely to be
acceptable. Risks that are ‘medium’ will require careful consideration of the
available controls and their reliability, and the severity of the situation that would
result if the controls are inadequate and a release or exposure occurs.
It is possible that provision of monitoring with an appropriate response if problems
arise might make the situation acceptable.

h)

Whether retention of contamination in-situ is acceptable needs to consider factors
other than risk; these include, for example, regulatory requirements to remove
particular types of contamination (such as ‘non-aqueous phase liquid’), and to
avoid situations where the material forms an ongoing source of groundwater
contamination unless this is allowed under regulatory provisions such as ‘clean up
to the extent practicable (CUTEP)’.

i)

The acceptability of retention of contamination in-situ can depend strongly on the
effectiveness of the long term management controls, and the principles that have
been developed for the good management of contamination in drinking water and
recycled water under the Australian National Water Quality Management Strategy
(Environment Protection and Heritage Council, Natural Resource Management
Ministerial Council & National Health and Medical Research Council) can be
applied to the management of residual contamination on contaminated sites,
particularly where many sites or complex containments are involved.

j)

‘Sustainable remediation’ is a concept that is being debated in Australia, and the
principles of sustainable remediation have relevance when considering options
that involve retention of contamination in-situ on contaminated sites.

At the time of finalisation of this report, a national remediation framework is being
developed by CRC CARE with input by representatives of regulatory agencies and
industry. This work can be expected to develop principles and guidance that can assist
in reaching a decision as to the situations in which contamination may remain
contained on sites.
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1. Introduction
1.1 Background
This report considers how a risk-based framework may be formulated to assess the
risk associated with the retention of contaminants in soil and groundwater at a site, at
concentrations that would not be acceptable without appropriate management, and
how this can be used to determine how the risk may be reduced to an acceptable level.
The project has been carried out by GHD Pty Ltd for CRC CARE, and has involved a
number of stakeholders, including the Environment Protection Authority Victoria and
VicUrban, the Victorian Government’s land development agency. During the course of
this project the Victorian government introduced legislation that abolished VicUrban
and replaced it with the Urban Renewal Authority (now referred to as Places Victoria).
This report has considered guidance that is in place in Australia and internationally that
relates to the containment of contamination on contaminated sites, and has particularly
considered the Victorian regulatory context. While there is a focus on Victorian
regulations and practice, similar approaches to the assessment and management of
contaminated land are applied in other Australian jurisdictions and the findings and
recommendations of this report can be expected to have general applicability in
Australia. The project has been undertaken in two parts:
•

Part 1 has examined the regulatory requirements both within Australia and
internationally for accepting and managing residual contamination at a site
(Fowler and Cole, 2010). Part 1 was led by the University of South Australia
and was carried out separately from Part 2.

•

Part 2 (this report) involves an assessment of the risks associated with accepting
and managing residual contamination at a site, and the controls that may make the
risk acceptable. Draft reports were issued in October 2009 and September 2010.
This final report considers the perspectives that stakeholders may have on
containment of contamination on site and addresses issues identified by the CRC
CARE Policy Advisory Committee.

The project arose from the need for a more transparent process for determining the
circumstances under which contamination can be retained on a site at concentrations
in excess of published guidelines. While removal or treatment of contamination may be
preferred because it has the potential to provide greater certainty, in some cases this
may not be practicable and it may be necessary to contain contaminated material on a
site. Under the present regulatory regimes in the various states and territories of
Australia, and internationally, it is common for contamination in excess of guideline
levels to be allowed to remain on a site. The legislation, regulations and guidelines
applicable to this situation were examined in Stage 1 of this project (Fowler and Cole,
2010), and it was found that different regulatory arrangements apply in the various
states of Australia for this situation, and generally these do not explicitly provide
guidance other than at a broad level. The audit and third party reviewer process used
in some states allows auditors and/or environmental agencies to make decisions on
whether contamination in excess of regulatory guidelines can be allowed to remain if
certain conditions are satisfied; however, guidance is generally limited. Because a welldocumented and accepted approach to this matter is lacking, questions can be raised
about:
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•

the appropriateness of the decisions being made by environmental
practitioners/auditors and environmental agencies regarding the acceptability
of proposals for in-situ retention of contaminants, and

•

the adequacy and reliability of longer-term administrative arrangements for such
sites.

In order to illustrate the issues surrounding this matter, several case examples are
presented. These case examples draw on the experiences from actual sites where
a risk-based framework and assessment approach has been adopted to assist in
reaching a conclusion as to whether the outcome is likely to be acceptable or not and,
if not, what needs to be done to reduce the risk to an acceptable level. The information
relating to each example has been selected and presented in a way that illustrates
issues relevant to the approach proposed in this report, and does not necessarily
reflect the conclusions actually reached for particular sites. The proposed method does
not currently have regulatory acceptance in Australia, and the intention of this report is
to indicate how regulators might approach in-situ retention, with a view to encouraging
broader discussion that will lead to agreement on the approach that is appropriate and
confirmation that the outcome will comply with the requirements of the relevant
regulatory agencies.

1.2 Definitions
The following terms have been used in this report:
•

Auditor – a person who is appointed under environmental legislation to act on
behalf of an environmental agency in certifying that land is suitable for its proposed
use.

•

Environmental agency – a government organisation that has responsibility for
implementing legislation and regulations. In this report the term government
‘agency’ is used interchangeably with government ‘authority’.

•

In-situ retention – refers to the retention of contaminated soil or fill or groundwater
on a site, particularly where the concentrations of contaminants exceed those that
would normally be allowed in surface soils or groundwater.

•

Non-aqueous phase liquid (NAPL) – refers to a liquid that is present in soil or
groundwater as a separate phase. An example is petroleum fuel that might float
on the groundwater.

•

Remediation – comprises the actions to assess or break a source-pathwayreceptor linkage and thereby manage risks associated with the presence of
contaminants in the environment.

•

Sustainable remediation of a contaminated site – can be defined as ‘the practice of
demonstrating, in terms of environmental, economic and social indicators, that the
benefit of undertaking remediation is greater than its impact and that the optimum
remediation solution is selected through the use of a balanced decision-making
process’ (SuRF Australia, CRC CARE and Australian Land and Groundwater
Association, 2011).
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1.3 Particular issues
When formulating this project, discussions with stakeholders from various industries,
regulatory agencies, consultants and legal practitioners indicated that there are a
number of issues that need to be considered. These include:
(i)

It is quite common for contamination to be allowed to remain contained on-site
in excess of regulatory guidelines for surface soils, subject to certain conditions.
Decisions on when this may occur are made by the regulatory agencies, or by
authority delegated through an environmental auditor or third party reviewer.
However, the basis for this is not well defined and can vary from site to site, and
this can present a significant risk to those involved. Specific requirements are
outlined in Section 4 of this report.

(ii) There is considerable interest in achieving ‘sustainable remediation’, and
in-situ retention can offer a low energy and low resource usage solution to a
contamination problem, although generally with less certainty and higher long-term
risk than options that involve treatment or removal of the contamination source.
(iii) There is significant financial incentive for developers of land to allow contamination
to remain contained on-site as their interest and responsibility is usually short lived,
with the longer term risk and responsibility passed to future owners. This can lead
to pressure on environmental auditors and agencies to allow contamination to
remain contained on-site.
(iv) There is potential for public concern associated with allowing contamination to
remain on site. Even if a site has been remediated to what might be judged to be
‘safe’, the public may not accept this if the risk communication and community
engagement surrounding the transition of the site to a new use is not managed
appropriately.
(v) There can be specific regulatory requirements to remove certain contamination
(such as NAPL); such requirements need to be considered and complied with.
Specific requirements are outlined in Section 4 of this report.
(vi) There can be inconsistencies or apparently inconsistent requirements associated
with the application of risk assessment to determine the acceptability of residual
contamination, and the basis on which wastes and contaminated soil can be
accepted and contained in an off-site landfill or long term containment facility.
The requirements and acceptability can depend on whether it is proposed to
allow existing contaminated soil to remain in place, whether it is proposed that
contaminated soil be excavated and contained in an engineered containment
facility on the site; or whether existing contaminated soil is in place and it is
proposed to be subject to some form of in-situ treatment. This is considered in
Section 3 of this report.
(vii) In the absence of appropriate regulatory criteria for the management and control
of in-situ contamination, environmental agencies may apply regulatory processes
and criteria that are appropriate for other activities, such as developing a landfill, to
determine the acceptability of proposed management strategies for particular sites.
Such management strategies need to be reviewed to determine whether they are
appropriate for retention of contaminated soil on-site, because contamination on a
site may be relatively well defined in its form and composition and able to be safely
contained, whereas in the case of a waste landfill the composition and nature of
the wastes may be ill defined and difficult to safely contain. This is considered in
Section 3 of this report.
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(viii) The regulatory machinery available in different Australian jurisdictions for the
longer-term, post-remediation management of contaminated sites is variable
and may not provide for an appropriate level of management in some jurisdictions.
There is a need to ensure an appropriate balance between clarity and
transparency for future owners, and the possible creation of a perception that the
site poses a greater risk than it actually does (which could thereby reduce financial
return and act as a disincentive for development of sites). This is considered in
Section 6 of this report.
The above issues require resolution to ensure that where on-site retention of
contaminated soil is proposed to allow contaminated land to assume a higher value
use, it will be safe and equitable, and appropriate controls and administrative and
management regimes will be in place.
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2. Regulatory issues
2.1 Regulatory factors
The research undertaken by the University of South Australia for Part 1 of this project
(Fowler and Cole, 2010) provides a vehicle for more focused consideration of the two
regulatory issues referred to above. The Victorian case studies will constitute, in effect,
case studies in the national context. Options have been considered in the case studies
to:
•

ensure that on-site containment solutions are safe and equitable and the risk is
appropriately shared

•

suggest appropriate regulatory solutions to assist oversight of future management
of such sites, and

•

encourage the appropriate development and management of contaminated land.

2.2 Summary of findings of Part 1 of this study
Part 1 of this project identified the existing regulatory policies and approaches
(including specific criteria) used both within Australia and selected overseas
jurisdictions to determine the acceptability of contamination remaining in-situ and the
controls to be applied in such cases. The analysis of these approaches has provided
useful information for the formulation of the most appropriate regulatory criteria to be
applied. The Part 1 report was prepared by Professor Rob Fowler (University of South
Australia) and David Cole (DLA Phillips Fox), and is entitled Safe on-site retention of
contaminants: Regulatory approaches and issues – A legal perspective (Fowler and
Cole, 2010). The following text consists of extracts of the Part 1 report (italicised text),
followed by commentary on current technical aspects in a contaminated land context
relevant to Part 2 of this project.

Part 1: EXECUTIVE SUMMARY
Site contamination issues present potentially significant impediments to land
redevelopment in Australia. As the pressure mounts to contain urban sprawl in
Australian cities, the desirability of higher-density, inner-city residential development
is becoming widely accepted. Former railway yards, docklands and industrial sites
have become prime targets for redevelopment but, at the same time, such sites
present significant challenges with respect to the remediation of the contamination
that is commonly associated with them. The established practice of excavating
contaminants and disposing of them to landfill (‘dig and dump’) now faces serious
challenge as policies to reduce the flow of wastes, particularly of a hazardous nature,
to landfill sites are adopted by state and territory governments. One alternative that is
economically attractive to developers is to leave significant amounts of contamination
on the site (commonly referred to as ‘in-situ retention’) with varying levels of physical
containment provided. This approach is presenting as an alternative to dig and dump or
other remediation methods where site-based risk assessment indicates that the option
poses no significant risks to human health or the environment, provided the relevant
containment measures are not breached.
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Within the community, the in-situ retention approach is likely to be met with the
suspicion that it involves ‘covering up’ the problem. Regulators in turn are wary of
endorsing an option that may be widely opposed by an affected community.
Similarly, environmental auditors may be adopting a cautionary approach to the
selection of remediation options, preferring to endorse cleanup to background values
rather than retention in-situ. This may, in turn, be discouraging the market for site
remediation projects from operating in some instances. The remediation industry,
developers and the community could all benefit from further clarity as to when it is
appropriate to adopt the approach of in-situ retention for the purpose of undertaking
the remediation of a contaminated site.
This report examines a range of legal and policy issues that arise where in-situ
retention is proposed as a remediation strategy. It surveys the current state of
relevant law and policy across a number of jurisdictions within Australia, and explores
the how same issues have been addressed in various jurisdictions in North America
and Europe. Its conclusions are summarised in the section immediately following this
executive summary. There are four, specific, issues that have been identified and
addressed in this report:
•

the adequacy of the current regulatory framework for dealing with contaminated
sites in terms of providing appropriate guidance as to when in-situ retention is an
acceptable remediation strategy

•

the need for appropriate legal mechanisms (referred to commonly as ‘institutional
controls’) alongside specific engineering measures to ensure that there is effective
long-term management (or ‘stewardship’) of sites where contaminants are retained
in-situ

•

the extent to which those parties undertaking remediation via the in-situ retention
method (in many cases, voluntarily in the course of redeveloping land) may be
exposed to a future, residual liability for such sites – for example, if unanticipated
impacts occur, new treatment methodologies emerge or later owners do not
comply with the relevant institutional controls, and

•

the potential overlap between site contamination and waste management
legislation where in-situ retention is proposed as a remediation strategy.

Our broad conclusion is that with respect to each of the above matters, there is
currently a lack of sufficient specific policy guidance at the national level and also a
lack of appropriate guidance within relevant state or territory legislation and policy
instruments. We found, in particular, that relevant state legislation has an ‘opentextured’ character that fails to provide specific guidance on remediation options
generally, or with respect to in-situ retention specifically. This has the potential to
result in inconsistencies in approach to remediation between similar cases and
reduces the degree of accountability of a range of decision-makers when determining
the acceptability of proposed strategies. The resultant uncertainty is compounded by
the degree of responsibility that has been vested in environmental auditors in most
jurisdictions to determine the appropriate remediation strategy in any particular
situation. Conceivably, these shortcomings could be addressed collectively by policymakers through the Environmental Protection and Heritage Council (EPHC) at first
instance. This could pave the way for each jurisdiction to implement the outcomes of
this EPHC process through their respective legislative and policy mechanisms.
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In addition, we identify a significant lack of specific legal measures, in the form of
institutional controls, to address the challenge of ensuring sound, long-term
management of sites at which contaminants have been retained in-situ.
In particular, no consistent approach to this important aspect of in-situ retention has
yet been developed in Australia, in distinct contract to the United States experience
with the Uniform Environmental Covenants Act. We also identify a similar lack of
specific measures with respect to the question of residual liability for sites where
contaminants have been retained in-situ and, in addition, a potential problem, based
on recent experience in the European Union, with the possible overlap of waste
management and site contamination laws where in-situ retention is envisaged.
Finally, we also note a deeper, unresolved issue with respect to the compatibility of
the in-situ retention approach to site remediation with the concept of sustainability that
is now commonly enshrined (in the form of principles of ‘ecologically sustainable
development’ (ESD)) in the objects clauses of much environmental legislation in
Australia. It may be argued that in-situ retention is simply deferring the resolution of
site contamination problems to future generations, contrary to the principles of ESD –
at least, unless both the technical and legal controls applicable to sites treated in this
way can be guaranteed to be effective. This issue at the very least heightens the need
for the development of the specific measures recommended in this report, if the
practice of in-situ retention is to gain wider acceptance as a remediation strategy in
Australia.

2.3 Finding of Part 1: Regulatory framework
1. The regulatory framework
As in most other countries faced with the need to address the challenge of managing
contaminated sites, whether or not a site will be remediated will be substantially
determined by the market place. However, the nature of the proposed remediation
strategy and its acceptability in the public interest will be determined principally by
the relevant regulatory regimes, whether they be specific contaminated sites legislation,
land use planning systems or a combination of both. This is not to suggest that particular
remediation options for different sites (or even classes of sites) should be prescribed.
Rather, the law can and should provide a clear framework and specific criteria by which
those charged with determining what remediation options are applicable can be guided
in the public interest, not simply the interests of particular governments and/or
developers. Essentially, this becomes an issue of accountability
of decision-makers in the context of a myriad of factors that contribute to producing a
sound social, commercial and environmental outcome in relation to a contaminated site.
In Australia, there have been notable instances of the application of in-situ retention
as a remediation management strategy. Homebush Bay (the 2000 Olympics site in
Sydney) and the Docklands redevelopment in Melbourne are two such examples.
However, although in-situ retention has been employed as a remediation option from
time to time in Australia, its acceptability within Australian jurisdictions as a remediation
strategy remains uncertain due to a lack of clear, contemporary guidance on
remediation options generally. At the national level, the existing guidelines produced by
ANZECC/NHMRC in 1992 pre-date the emergence of site-based risk assessment and
provide only a very general level of guidance with respect to the choice of remediation
options.
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The 1999 ANZECC Guidelines, whilst addressing on-site containment specifically,
suggest a preference for ‘the best use of available waste treatment and disposal
facilities’ and fail to provide detailed guidance. The inability of the NEPM mechanism to
cover remediation as well as the assessment aspect of site contamination (due to the
terms of the enabling legislation) has exacerbated the problem with respect to the lack
of contemporary, detailed national guidance concerning remediation strategies in
Australia.
Similarly, there is little specific guidance within most state/territory contaminated sites
legislation (or guidelines and policies made there-under) to assist either the relevant
government agency or a site auditor to determine whether in-situ retention is
acceptable in any particular case. Consistent with the 1992 ANZECC/NHMRC national
guideline, the general policy at the state level appears to be to afford a low priority to
in-situ retention as a remediation option. In the large number of situations in which
remediation is being undertaken in the course of the redevelopment of land, rather than
pursuant to the direct operation of site contamination legislation, planning authorities
within each state appear to rely heavily on the advice and recommendations of site
auditors or environmental consultants in determining the appropriate level and form of
site remediation. Once more, the absence of detailed guidance at either the national or
state levels means that decisions by the relevant parties are the subject of a wide
discretion, usually linked to a site-based risk assessment. Whilst a degree of flexibility
is necessary to reflect the wide variation in the condition of contaminated sites, the
public interest would argue for a regulatory regime in relation to site remediation that is
consistent, equitable and provides the necessary degree of accountability for decisionmaking. Furthermore, it is possible that the lack of clarity and consistency of approach
across jurisdictions with respect to the selection of remediation options generally, and
the adoption of in-situ retention specifically, may be discouraging site remediation
activity in the marketplace, where regulators and/or environmental auditors continue
to opt for cleanup to background values (usually via the ‘dig and dump’ method) in
preference to the more economically attractive option of in-situ retention. Without
clearer and stronger legal and policy guidance on the circumstances in which the
option of in-situ retention is acceptable, such caution is likely to continue.
In the overseas jurisdictions surveyed for this report, it was found that there is a
relatively widespread acceptance of in-situ retention as a remediation strategy, but
that take-up of this option varied considerably, depending on the availability and cost of
disposal to landfill as an alternative, and also the level of priority afforded (particularly
in Europe) to the active treatment of contaminants – either generally or prior to
containment. The most extensive use of in-situ retention was found to have occurred in
the United Kingdom and the United States, in both instances as part of a ‘brownfields’
movement that has evolved since the mid-1990s to encourage the voluntary cleanup of
contaminated sites. However, community mistrust of this solution is also a constant
factor that has needed to be addressed, primarily by way of expanded risk
communication processes.
Conclusion 1: The authors concur with the recommendation by the review
of the Assessment of Site Contamination NEPM (NEPC, 2006) that the
EPHC should initiate an update of the 1992 ANZECC/NHMRC Guidelines;
the authors also consider that it would be beneficial if any such review paid
particular attention to the subject of in-situ retention of contaminants as a
remediation strategy.
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Comment: An important finding is that in the absence of detailed guidance on in-situ
(on-site) retention as a remediation strategy, decisions made by the relevant parties
are not based on sound principles. These decisions are usually linked to site-based
human health and/or ecological risk assessment. Based on the experience of the
authors of this document, on-site retention of some manner is undertaken on the
majority of major remediation projects. As such, the need for guidance is seen as
critical to provide for a consistent approach to this aspect of site remediation. The
existing approach using human health and/or ecological risk assessment traditionally
considers the contaminant source → pathway → receptor analysis and then considers
ways of minimising these risks. Remediation options that involve breaking the pathwayreceptor linkage typically involve on-site retention. Examples include:
•

Reliance on structures or paving to limit exposure. The NEPM lists investigation
levels that allow higher concentrations of contaminants in such situations (e.g. the
HIL (D) values for high density residential land use are 4 times higher than the HIL
(A) values for low density residential land use).

•

The use of a vapour barrier beneath residential or commercial premises to prevent
entry of volatile contaminants into buildings.

•

Application of site management plans (SMPs) with formal recognition of these as a
condition of an auditor’s statement and incorporation into planning controls to
maintain barriers and restrict site activities to avoid exposure to contamination that
may remain in place.

•

For groundwater, often only part of the source of the contamination can be
practicably removed and, in the Victorian context, this situation can be accepted
if the Environment Protection Authority Victoria agrees that CUTEP has been
achieved. In some situations ongoing reduction of the residual source will take
place through natural biodegradation, over many years. Controls can then be
applied on the use of groundwater, either through notification of potential users, or
through the declaration of a groundwater quality restricted use zone together with
ongoing monitoring.

•

Placing restrictions on some land uses – e.g. restricting parts of a contaminated
site to commercial/industrial land use when contamination is too great for
residential use.

The scenarios provided above are not exhaustive, but are typical of the many
techniques currently used on remediation projects to allow for the on-site retention
of contaminants.

2.4 Finding of Part 1: Institutional controls
2. Institutional controls
The need for legal measures that impose restrictions concerning future use and
obligations with respect to ongoing management of sites where contaminants have
been retained in-situ is now well-recognised in the United States. Special legislation to
allow for the registration of environmental covenants on land titles for these purposes
has been adopted in almost half of the states in the US.
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By contrast, there is presently in Australia only a low level of recognition of the need for
legal/institutional controls, as distinct from engineering measures, for sites where
containment has been adopted as a remediation strategy. A variety of mechanisms
may be able to be employed for this purpose in the Australian jurisdictions, including
orders under site contamination legislation, remediation or site management plans and
conditions attached to a planning approval. However, there is no consistent approach
to this matter across jurisdictions and there may be serious questions concerning the
legal efficacy of some of the mechanisms currently being used – in terms of their
enforceability and capacity to bind subsequent owners of the relevant sites.
Conclusion 2: The authors believe that as part of the proposed EPHC update of
the ‘management components’ of the 1992 ANZECC/NHMRC Guidelines there is
considerable merit in considering the most appropriate form of legal instrument
through which to impose long-term institutional controls to ensure effective
long-term stewardship of sites where contaminants have been retained in-situ.

Comment: Many of the scenarios listed in the previous section include restrictions that
need to be maintained or managed indefinitely (or at least until another assessment or
further remediation is undertaken). Such restrictions in the scenarios listed above
include:
•

restricting the uses the land can be used for

•

maintaining and not breaching a layer of clean fill in the public open space area

•

maintaining a vapour barrier beneath the premises (and providing vapour barriers
on any new developments at that location)

•

maintaining restrictions on the direct use of groundwater until the quality of
groundwater improves sufficiently, and maintaining ongoing groundwater
monitoring and assessment of the effectiveness of natural attenuation, and

•

ensuring any restrictions imposed in a SMP are maintained (e.g. restrictions to
underground services installation and maintenance).

The reliability of the methods used to manage such ongoing site restrictions and to
ensure that future owners, operators and occupiers are protected is critically important.
The Part 1 report describes how the various jurisdictions around Australia deal with this
issue, and the overall conclusion is that the current systems are not sufficiently robust
or enforceable, and improvements are required.

2.5 Finding of Part 1: Residual liability
3. Residual liability
There is currently no clear or explicit protection under state site contamination laws
(with the exception of the recent South Australian legislation) against the imposition of
a fresh responsibility to undertake further cleanup work some time after a remediation
has been completed, should a fresh threat to human health or the environment present
itself. This position contrasts with the situation that has evolved in North America in
particular, whereby this form of ‘residual liability’ may be avoided in several ways under
the relevant legislation, including:
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•

the provision of qualified relief from liability for those undertaking a voluntary,
‘brownfields’ cleanup, and

•

measures that allow the transfer of residual liability by agreement, or upon a
change in use of the relevant land.

It was also noted that a number of exemptions from liability have been provided for in
overseas legislation, for example, to protect bona fide purchasers who have exercised
due diligence in relation to their purchase of contaminated land.
Conclusion 3: The authors see merit in the proposed update of the 1992
ANZECC/NHMRC Guidelines being extended to include the ANZECC Position
paper on financial liability for contaminated sites remediation (1994), with
particular attention to be directed to the issue of residual liability.

Comment: Australian regulatory agencies are aware of the issue of residual liability. In
addition to the provisions in South Australian legislation, there are provisions in
Victorian legislation and guidance for a party retaining liability for further cleanup work
should it be required. This is achieved, for example, through the recent establishment
of regulations that allow the Environment Protection Authority Victoria to require a
financial assurance to be set aside for further cleanup work should this become
necessary. The Environment Protection Authority Victoria
has also issued guidance relating to a determination that a site has been remediated
in accordance with the CUTEP approach which explicitly provides for a periodic
reassessment of whether further cleanup is practicable. A key requirement here is to
recognise the issue – when present and recognised, measures may be able to be put
in place to protect the relevant parties, or to not embark on the remediation option
through which the issue arises.

2.6 Finding of Part 1: Application of waste management laws
4. Application of waste management laws to contaminated sites
In Europe, an issue has arisen with respect to the potential application of waste
management laws to contaminated sites, in particular where contaminants are retained
in-situ. It is possible, given the broad definition of the term ‘waste’ in state and territory
waste management laws, that the same issue could arise in Australia, but this issue
has not been addressed specifically as yet.
Conclusion 4: The authors see considerable merit in consideration being given
by state and territory authorities to the inclusion of provisions in their waste
management and/or site contamination legislation to clarify the applicability
of waste management laws to site remediation actions, in particular where in-situ
retention of contaminants is proposed.

Comment: This issue is discussed in detail in Part 1. The European experience
indicates that it is important to not link waste management laws with contamination that
remains in place on a contaminated site. The principles of risk-based land
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management underpin the Australian contaminated site regulatory system, and these
principles should be used to manage contamination on sites.

2.7 Finding of Part 1: Sustainability
5. Sustainability

The principles of ecologically sustainable development (ESD) are prescribed as objects
in most state site contamination legislation, thereby calling for the consideration of the
precautionary principle and the principle of inter-generational equity when decisions are
made under such legislation. Where in-situ retention of contaminants is proposed,
there is a particular challenge involved in applying these principles appropriately.
Whilst in-situ retention is being increasingly employed as a cost-effective means of
remediating and redeveloping urban land in many countries, whether the benefits of
this approach in terms of restoring degraded urban areas to a better use will be greater
than any, associated long-term costs clearly depends on the absence of further health
and environmental impacts at such sites in the future. Unless more is done to ensure
the effectiveness of the engineering and institutional controls that accompany in-situ
retention, the jury of community opinion may well return a negative verdict in the future,
in terms of the compatibility of this option with the goal of environmental sustainability,
or ESD.
There is presently a perceived resistance within affected communities to the strategy of
in-situ retention and a growing recognition within the site remediation industry that
more effective risk communication methods are required to ensure effective public
consultation on this option. It is recognised, however, that a rational weighing up of the
relative environmental factors associated with different options is necessary.
The current lack of clear guidance from regulators in Australia as to the circumstances
in which in-situ retention is acceptable, and the deficiencies with respect to the legal
adequacy of institutional controls, are likely to exacerbate these community concerns.
The compatibility of in-situ retention with the goal of sustainability therefore remains a
significant policy – and potentially legal – issue.
Comment: These conclusions from Part 1 point to the fact that in-situ retention is being
increasingly employed, but that there is an absence of guidance as to the
circumstances in which in-situ retention is acceptable and how decisions are to be
made. This supports the need for Part 2 of the project.
Whether there is a ‘perceived resistance’ to the strategy and community concern is
not clear and may be speculation. In many cases the key issue is whether there is a
certification by an authoritative independent organisation or person (such as a site
auditor) and, if this exists, there is generally acceptance by stakeholders that the
situation is ‘safe’. However, while there may be acceptance, it does beg the question
as to whether the certifying organisation or person has properly considered and
assessed the uncertainties and risks; and whether this assessment is in accord with
the policies of the relevant regulatory agency under whose policy and guidance the
certifying entity is working. This reinforces the need for Part 2 of this project.
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3. General regulatory requirements
There are a number of regulatory requirements that need to be considered and
complied with. These are discussed in the following sections. For simplicity, the
requirements are discussed in terms of common principles that apply across the
various state jurisdictions.

3.1 Environmental regulatory requirements
This report considers that the risk associated with contaminated soil and groundwater
might remain in-situ on a site. Whether it is allowable under regulatory policy and
guidance needs to be considered on a site-by-site basis. In particular:
Relevant environmental regulatory requirements must be met.
In Australia the environmental (and in some cases the planning) regulatory agencies in
each state and territory set the requirements for assessing and cleaning up
contaminated sites, and the final condition of the land that is acceptable. These
requirements are laid out in documents such as guidelines to auditors in issuing
statements of environmental audit and, in turn, these guidelines refer to the
requirements of the NEPM and relevant state environment protection policies. These
requirements have been discussed in broad terms in the preceding section of this
report, and specific requirements are considered in Section 4 of this report.
Human health and the environment must be protected.
There are published guidelines (e.g. health and ecological investigation levels) that limit
the concentrations of contaminants present in soil and groundwater that may adversely
affect human health if exposure occurs, or can adversely affect the environment if the
residual contamination is present in or discharges to the zone where ecosystems are
present. There are established quantitative risk assessment processes that can be
undertaken that allow a more detailed assessment when warranted. It is essential that
these requirements be complied with so that there is confidence that there will not be
unacceptable effects on human health or the environment.
Regulatory guidance relating to residual contamination must be considered.
For example, there is published guidance:
•

Allowing residual contamination to remain without specific controls (other than
normal planning controls applicable for development of land that may be
contaminated) at concentrations greater than that allowed for low density
residential land where there are structures and paving that contain the
contamination, for example in a high density residential land use setting.

•

Allowing residual contamination to remain at concentrations greater than that
allowed for low density residential land where it is possible to control the age of
people and the time that they are on site, for example in an industrial or
commercial land use. The controls that are applied in such situations are the
normal planning controls relating to the use of land with certain zones, and the
development of land that may be contaminated.
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•

Allowing residual contamination to be accepted in some jurisdictions if it is not
practicable to clean it up (i.e. CUTEP), in situations where the contamination does
not pose an unacceptable risk.

•

Requiring the removal in some jurisdictions of certain contamination, such as
NAPL; this can require reference to the relevant regulatory agency to make a final
decision on whether NAPL can remain in place or must be removed.

•

Allowing contamination to remain on sites subject to certain controls (such as an
EMP or SMP), where it can be reasonably assumed that these controls will be able
to be applied.

In general, the published guidance does not address the significance of the residual
contamination (e.g. level of concentration beyond the published investigation
thresholds) in determining whether it is acceptable for contamination to remain on site.
The approach taken in Australia is that residual contamination in surface soils where
exposure will occur must comply with the criteria for the relevant land use.

3.2 Applicability of waste guidelines to managing contamination
Each state has requirements governing the definition of what constitutes a ‘waste’ and
the category of waste, and where and how such waste can be disposed of. Often the
restrictions that are imposed on waste disposal are more stringent than those applied
to the management of contaminated land and groundwater, and applying waste
regulations to contaminated soil and groundwater can impose significant restrictions
on the disposal of material, and on the design and licensing of facilities that can accept
such material. In general, wastes are usually classified on the basis of total
contaminant concentrations, and leachable fraction. In general, the term ‘waste’ refers
to material that is ‘discarded, rejected, unwanted, surplus or abandoned’, although
definitions can be framed more broadly than this. If the term ‘waste’ is restricted to
material that is surplus and unwanted and requires off-site disposal, then material that
can remain on a site may not be classified as a waste. It has been general practice in
Australia that in determining whether contamination can remain on a site, regulations
and guidelines pertaining to contaminated land and groundwater and the principles of
risk-based land management should be referred to, rather than guidelines that pertain
to disposal of waste.
In this report it has been assumed that the principles of risk-based land
management and guidelines applicable to the assessment and management
of contaminated soil and groundwater apply, rather than waste regulations.
This approach can be justified in that contamination on a site may be relatively well
defined in its form and composition and able to be safely contained, whereas in the
case of a waste landfill the composition and nature of the wastes may be ill defined
and difficult to safely contain. However, the approach to be adopted is a matter of
regulatory policy when assessing particular sites. There are a number of issues that
can affect the status of contaminated soil and may need to be considered:
•

If contaminated soil simply remains undisturbed in-situ, the status of the material
may be different from the situation where contaminated soil is excavated,
stockpiled and returned to a different location on the site. If contaminated soil is
treated in-situ, the status of the material may be different from the situation
where contaminated soil is excavated, treated and then returned to the site.
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•

If the contaminated soil is relocated on the site to an engineered repository,
the status of the material may be different from the situation where it is simply
relocated to fill a particular area of the site.

•

If the quantity of contaminated soil is large, it may exceed regulatory triggers
relating to the need for formal regulatory approval and environmental impact
assessment that parallel the requirements for landfill approval.

Caution is required if the regulatory regime requires that contaminated soil and
groundwater are considered to be wastes for regulatory purposes, because of the
restrictions that can be imposed. This is referred to in the Part 1 report, and the
European experience indicates that it is important to not link waste management
laws with contamination that remains in place on a contaminated site. Considerable
effort is being applied in Europe to decouple the requirements for management of
contaminated soil from the requirements that pertain to waste.

CRC CARE Technical Report 16
Safe on-site retention of contaminants Part 2: A risk-based approach

15

4. Specific regulatory requirements and guidance
4.1 Australian national guidance
An overview of existing Australian regulatory requirements relating to in-situ retention
has been outlined in Section 2. Generally the various states take a similar approach,
although there can be different levels of acceptance of the practice by the regulatory
agencies. While existing Australian regulatory guidance does not preclude in-situ
retention of contamination, currently there is no guidance that directly addresses the
issue of how to assess whether contamination can remain in place on a site.
Guidelines and practices that have some bearing on the matter include:
Guideline for assessment of on-site containment of contaminated soil
(ANZECC, 1999)
This guidance can be accessed on the Environment Protection and Heritage Council
website. The guidance provides excellent advice on the issues that need to be
considered when considering the acceptability of containment and the long term
integrity of containment systems. It refers to the use of administrative controls, but does
not provide a means of assessing the acceptability of the controls and containment
systems.
National Environment Protection (Assessment of Site Contamination) Measure
1999 (referred to here as ‘the NEPM’) (NEPC, 1999)
The NEPM focuses on the assessment of contamination and does not directly consider
situations where contamination is to be managed or remediated. At the time of writing
this report, the NEPM is being revised and it is expected that the basis for the
assessment of residual contamination will be similar, although some of the detail will
change. The NEPM provides guidance on the assessment of contamination, and
advises on the process for assessing the exposures that occur and the acceptable
concentrations of contamination. However, the process of assessment assumes that
the contamination is present in surface soils and that exposure takes place accordingly.
As such, the approach has limited relevance to the situation where in-situ retention is
proposed. The NEPM does provide guidance on situations where increased
concentrations of contamination can remain on site subject to certain land use controls.
With respect to low density residential land as a base case, the NEPM indicates that:
•

A four-fold increase in contaminant concentrations of non-volatile contaminants
can be accepted for residential land with minimal opportunities for soil access (e.g.
in the case of dwellings with fully and permanently paved yard space).

•

A five-fold increase in non-volatile contaminant concentrations can be accepted
for industrial and commercial land where children are not present and adults are
generally present only during work hours.

•

A two-fold increase in contaminant concentrations can be accepted for land where
recreation takes place for a limited time each day.

At the time of finalising this report the NEPM was being updated, and the above
increases in acceptable concentrations may be varied to better reflect the exposures
that are likely. Nonetheless, the updated NEPM can be expected to provide
investigation levels that allow greater concentrations to be accepted for less sensitive
land uses, similar to those outlined above.
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Risk Management – Principles and guidelines
This standard (Australian Standard and New Zealand Standard for Occupational Health
and Safety Management Systems, 2009) provides guidance on the assessment of risk;
both it and its predecessor (Risk Management, 2004) are used by many organisations
and practitioners for assessing a diverse range of risks, including risks to human
health, the environment, and health and safety. The standard extends to the situation
where events may occur and these events result in an adverse outcome. In such
situations, the approach used in the standard is to carry out a semi-quantitative
assessment of the likelihood of an event occurring and the consequence of the event if
it does occur, and then assigning a level of risk on the basis of these measures. The
methodology can be applied to assessing the risk associated with options for the
management of contaminated land, and can be applied to both small, relatively simple
projects, and large complex sites. This standard can provide guidance for the
evaluation, decision making, and risk management for in-situ retention of
contamination. This standard is considered further in later sections of this report.

4.2 Institutional controls
In-situations where contamination is or may be present, institutional controls are
important methods of limiting the risk associated with residual contamination. The use
of institutional controls in Australia is summarised in Figure 1.

Figure 1. Overview of institutional controls in Australia (Beaufoy 2010).

Table 1 lists institutional controls currently employed in Australia, for five states. There
are issues concerning the consistency and enforceability of these institutional controls
(as noted in Part 1 of this project), particularly with respect to identifying the person or
entity responsible for implementation. However, the existence of such institutional
controls indicates that the need to provide management controls for in-situ retention of
contamination is recognised.
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Table 1. Institutional controls in Australia (Beaufoy, 2010).
Type of
Institutional
Control

VIC

NSW

SA

WA

QLD

Government controls
Planning
controls

Ministerial Direction
No.1
Zoning (land use
controls)
Planning and
Environment Act 1987,
SEPP, PCL DSE
Practice Note

SEPP 55 – Remediation of
Land and Managing
Contamination – Planning
Guidelines
Council guidelines/
Development control plans

Planning SA Advisory Note
No. 20
Proposed amendment to
Development Act 1993

DEC ‘Contaminated Sites
Management Series –
Contaminated Sites and the
Land Use Planning
Process’
Planning and Development
Act 2005

State Interest Planning
Policy (SIPP) for Waste
Management and
Contaminated Land
Referral to EPA as
‘concurrence agency’ for
development approvals
under IP Act

Notification
obligations

Notification of notices to
new occupier (s.60A)
Notification of
environmental hazards
by auditor (s.53ZB(3))
Notification of
statements (s.53ZE)

Duty to notify contamination
on occupiers and owners
(s.60 CLM Act)
Duty to report ‘pollution
incidents’ (POEO Act,
s.148)

Duty to notify EPA –
contamination at site or in
vicinity that threatens
underground water (s.83A)
Section 7 notices (Land
and Business (Sale and
Conveyancing) Regs)
information to prospective
purchases

Duty to notify DEC site is
contaminated on owners,
occupiers, polluter, auditor
(s.11)

Proactive identification for
EMR by EPA and local
government
Identification obligation by
owners and occupiers
who become aware of
‘notifiable activity’ (s.371
EP Act)
Notification to proposed
purchasers (s.421)

Approvals

Planning permit
conditions Planning and
Environment Act 1987
Works approval
Financial assurance

Development consents
under Environmental
Planning and Assessment
Act 1979

Development approval
condition Development Act
1993

Development approval
conditions Planning and
Development Act 2005

Development approval
conditions (imposed by
EPA as ‘concurrence
authority’) and EPA
approved SMP (including
ongoing management &
monitoring)
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Type of
Institutional
Control

VIC

NSW

SA

WA

QLD

Proprietary controls
Covenants

N/A – restrictive
covenants not generally
used for this purpose or
practical

EPA may impose covenant
for ongoing maintenance
(s.29 CLM Act, s.88E
Conveyancing Act)
s.88B Conveyancing Act
(public positive covenant)
possibly a planning
agreement under EPA Act

N/A

N/A

N/A

Statutory
agreements
(registered on
title)

Section 173 agreement
with council
(recommended in PCL
practice note where
statement conditions of
ongoing nature)

Voluntary management
agreements (not registered
on title, but included in
planning certificate)

Voluntary site
contamination assessment
or remediation agreement
(on public register, not on
title)

Voluntary agreement (not
registered on title)

Voluntary agreement (not
registered on title)

Statutory
declarations

Groundwater quality
restricted use zone
(cl.19 SEPP
(Groundwaters of
Victoria))

Declaration of ‘significantly
contaminated land’ (s.11
CLM Act)

Declaration of special
management area or
prohibition or restriction on
taking water affected by
contamination

N/A

N/A

Notices and
orders

Pollution abatement
notice (s.31A, s.31B)
Cleanup notice (s.62A),
may include ongoing
management conditions

Preliminary investigation
order (s.10 CLM Act)
Management orders (s.16
CLM Act) – for investigation
and remediation
Ongoing maintenance order
(s.28 CLM Act)

Site contamination
assessment orders (SCAO)
Site remediation orders
(SRO)

Classification notice (s.14) –
e.g. ‘Contaminated –
restricted use’, ‘remediation
for restricted use’
Investigation notice (s.49)
Cleanup notices (s.50)

Investigation notice
(s.376)
Remediation notice
(s.391)
SMPs (s.405)

Enforcement tools
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Type of
Institutional
Control

VIC

NSW

SA

WA

QLD

Informational Devices
Notations on
title

N/A

N/A – but order, VMA, audit
reports under CLM Act are
noted on planning certificate
(s.149 EPA Act), must be
provided to prospective
purchasers (s.52A
Conveying Act)

Registration of SCAO and
SRO on title (s.103)(1))
Notation that site
contamination audit report
has been prepared

Memorials registered on
title relating to
contamination classification
(s.58)

N/A

Registers
(statutory) and
lists (nonstatutory)

Priority sites register
(not statutory) –
includes sites subject to
notices
List of Certificates and
statements of
environmental audits
Lists of known or
suspected contaminated
sites maintained by
councils

General public record on
EPA website site – includes
declaration and orders

Public register (s. 109) –
includes notifications,
orders, voluntary
agreements, declaration,
notification of
commencement of audit
and audit reports

Public register /
contamination sites
database (s.19) – all sites
classified as contaminated
remediation required,
contaminated restricted
use, remediated restricted
use

Environmental
Management Register
(EMR)
Contaminated Land
Register (CLR)
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4.3 State guidance – Victorian example
4.3.1 Introduction
Each state and territory has enacted legislation relating to the assessment and
management of contaminated land. While the details vary, the principles and approach
are broadly similar. In particular, the requirements for assessment of contamination are
underpinned by the NEPM, and are similar, although the requirements for management
and remediation do vary somewhat as these requirements interface with the state
planning regulatory requirements. In the following sections, policies and requirements
for Victoria relating to contaminated land are summarised to illustrate the approach that
is being taken in that state, with particular reference to institutional controls relating to
the in-situ retention of contamination.

4.3.2 The (Victorian) State Environment Protection Policy
(Prevention and management of contamination of land)
The overall goal of this policy is that, where pollution has occurred, to adopt
management practices that will ensure unacceptable risks to human health and
the environment are prevented, and clean up or otherwise manage pollution to
protect beneficial uses. The policy requires that:
•

Where there is pollution, the land must be cleaned up and/or managed so that
there is no immediate threat to human health on-site or off-site or the environment
off-site, and contamination does not preclude protected beneficial uses of the
relevant land use.

•

The preferred management strategy should be determined with reference to
the principle of the waste hierarchy, achieving the best practicable environmental
outcome; and protection of beneficial uses. The waste hierarchy requires that
wastes should be managed in accordance with the following order of preference:
avoidance, re-use, recycling, recovery of energy, treatment, containment and
disposal. Note that this particularly refers to wastes, such as waste soil, and
places a higher preference for re-use and/or treatment, and a lower priority for
containment. The lowest priority is for off-site disposal, although it is not clear that
this would suggest that in-situ retention may be preferred over off-site disposal for
contaminants.

•

Where cleanup is required to protect beneficial uses, cleanup should protect
the relevant beneficial uses and can be determined through a site specific risk
assessment in accordance with the NEPM. The NEPM requires that beneficial
uses be protected, i.e. that receptors (such as persons or the environment) not
be exposed to unacceptable levels of contaminants.

•

The principle of integration of economic, social and environmental considerations
should be considered. This includes the effective integration of economic, social
and environmental considerations in decision making processes with the need to
improve community wellbeing and the benefit of future generations. The measures
adopted should be cost-effective, and in proportion to the significance of the
environmental problems being addressed.
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4.3.3 (Victorian) Environmental Auditor (Contaminated Land) Guidelines
for Issue of Certificates and Statements of Environmental Audit
These guidelines require:
•

An acceptable outcome of the audit process can be a statement that land is
suitable for specific uses (that is, not detrimental to the beneficial uses associated
with the nominated land use) subject to conditions and/or limitations related to its
use and management.

•

Residual contamination should not affect relevant beneficial uses of the land,
groundwater, surface water and air. The beneficial uses to be protected are
outlined in the various state environment protection policies.

•

The depth to which the condition of the land at the site must be considered should
have regard to the likely depth of impact from activities conducted at the site, and
the potential for any contamination present at depth to practically affect the
beneficial uses of the site.

•

The statement may conclude that the site is suitable for the beneficial uses
associated with a specific land use, subject to various limitations or conditions.
Such conditions may be tailored to a specific development proposal. The
conditions must not place limitations on activities or use of the site that are
inconsistent with the land use nominated in the statement. The conditions should,
to the extent practicable, be consistent with planning and building constraints on
the site. Where practical and appropriate, conditions may be linked to an approved
development plan. The conditions must clearly state the nature of all hazards
requiring management in order to render the site suitable for the nominated use.

•

Where polluted groundwater occurs at a site, and it is not practicable to clean up
groundwater to protect the beneficial uses, clean-up must be undertaken to the
extent practicable.

4.3.4 (Victorian) State Environment Protection Policy
(Groundwaters of Victoria)
This policy (Environment Protection Authority Victoria, 1997) specifies the beneficial
uses of groundwater that are to be protected. These uses are defined in terms of the
natural salinity of the groundwater; for example, potable use is not a protected
beneficial use for groundwater that is saline. The policy also specifies the indicators
that are to be used to determine if groundwater is polluted or is suitable for particular
beneficial uses. Clause 18 of the policy has a requirement to remove NAPL unless the
authority is satisfied that there is no risk posed to any beneficial use by the NAPL. This
places a priority on removing NAPL and not allowing it to remain in-situ, unless it can
be shown that the NAPL will not pose a risk to beneficial uses. The methodology
outlined in the following sections of this report can assist in this matter.

4.3.5 (Victorian) Industrial Waste Management Policy (Prescribed industrial
waste)
This policy (Environment Protection Authority Victoria, 2000) is not necessarily relevant
to the management of contaminated land, as it pertains to material that is a waste (i.e.
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is discarded, rejected, unwanted, surplus or abandoned); soil that is retained in-situ
would not necessarily fall into the definition of a waste. However, contaminated soil that
is excavated and is not wanted at the site would be a waste, and then would be
managed under the terms of the policy. There is a range of guidelines for the
classification, management and disposal of such waste (Environment Protection
Authority Victoria, 2009a). In particular, disposal of prescribed industrial waste must
take place at a premises licensed for this purpose, and such a requirement would
generally make the premises not compatible with other land uses such as residential,
commercial and industrial.
The Environment Protection (Industrial Waste Resource) Regulations (Environment
Protection Authority Victoria, 2009b) document excludes material (such as
contaminated soil) from being classified as a prescribed industrial waste if it is suitable
for ‘direct beneficial re-use’. This refers to soil that can be used on-site without prior
treatment or reprocessing. In Victoria, the re-use of contaminated soil on a sensitive
site (such as residential land) will generally occur only after review and acceptance by
an environmental auditor, who will follow a rigorous process of assessment to confirm
that the proposed situation will protect beneficial uses relevant to the site. If soil
requires treatment for re-use off-site, then it would normally require treatment to a level
corresponding to ‘clean fill’ prior to re-use.

4.3.6 Victorian Environment Protection Act 1974, Section 53V relating to risk
The Environment Protection Authority Victoria has issued environmental auditor
guidelines for the preparation of environmental audit reports on risk to the environment
under Section 53V of the Environment Protection Act (Environment Protection Authority
Victoria, 2007). Section 53V sets out requirements that must be met when an
environmental auditor prepares an environmental audit report ‘in relation to the risk of
any possible harm or detriment to a segment of the environment caused by any
industrial process or activity, waste, substance or noise’. This type of audit assesses
the risk to beneficial uses, such as to human health, ecology, aesthetics, and so on.
This type of audit can be used to assess the risks associated with in-situ retention. With
respect to the method used to assess the risk, the guidelines simply note that the
assessment can involve the application of risk assessment methodology to the key
findings of an audit to determine whether a risk to beneficial uses exists, and that the
assessment should be undertaken in accordance with a recognised methodology.

4.4 Site management plans
The various states and territories have enacted legislation for the management of
contaminated land and groundwater, and have developed various sets of guidelines.
The guidance generally allows land to be ‘managed’, for example, under the terms of
an EMP or SMP. These provisions are particularly relevant to in-situ retention of
contamination.
The level of guidance relating to these plans varies, and the Guidelines for the NSW
Site Auditor Scheme (2nd edition) published by NSW Department of Environment and
Conservation (Department of Environment and Conservation, 2006) provide a good
summary of the approach. Section 3.4.6 of these guidelines note:
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Within the context of contaminated sites management, an environmental management
plan (EMP, sometimes also called a ‘site management plan’) means a plan which
addresses the integration of environmental mitigation and monitoring measures for
soil and groundwater throughout an existing or proposed land use. An EMP succinctly
describes the nature and location of contamination remaining on-site and states
what the objectives of the plan are, how contaminants will be managed, who will be
responsible for the plan’s implementation and over what time frame actions specified
in the plan will take place. An EMP can be an effective means of ensuring the
environment is protected, users of the site are not exposed to contamination remaining
on-site and the site remains suitable for the specified use when:
•

complete clean-up of contamination affecting an area is not practicable (for
example low levels of contamination under a concrete slab)

•

contaminants are being capped or contained on-site, and/or

•

remediation is likely to cause a greater adverse impact than would occur if the site
were left undisturbed.

The length and precise content of the EMP will depend on the complexity of site issues.
However a short, concise EMP may be adequate to address issues at a simple site.
Regardless of its length, an EMP must be a stand-alone document with enough detail
and clarity in the description of the site and the actions required to be readily
understood. Generally, EMPs should be prepared by an environmental consultant for
review by the site auditor, rather than by the site auditor. However, where the
requirements of an EMP are of a minor nature, it may be acceptable for the site auditor
to prepare it. Implementation of an EMP must not be included by a site auditor as a
condition on a site audit statement nor accepted by the auditor as a means of
managing contamination of a site unless the following conditions have been met.
•

The EMP has been reviewed by the auditor.

•

The EMP can reasonably be made to be legally enforceable, for example because
compliance with it is a requirement of a notice under the CLM Act or of
development consent conditions issued by the relevant planning authority.
The relevant authority (DEC or the local council in these cases, respectively)
should be asked their view on the legality of the draft EMP.

•

There will be appropriate public notification of any restrictions applying to the land
to ensure that potential purchasers or other interested individuals are aware of the
restrictions, e.g. appropriate notations on a planning certificate issued under section
149(2) of the Environmental Planning and Assessment Act 1979 or a covenant
registered on the title to land under section 88B of the Conveyancing Act 1919.

•

There is no off-site migration of contamination from the site which is the subject of
the site audit or, where there is off-site migration or its potential, that contamination
within the site is managed or monitored so that it does not present an
unacceptable risk to either the on-site or off-site environments.

4.5 Other state guidance
As noted in the preceding sections, the states have not developed guidance on the
containment of contamination on sites; however, recent relevant developments include:
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•

In NSW, the Office of Environment and Water (OEH; previously the Department of
Environment, Climate Change and Water (DECCW)) is developing guidance
relating to EMPs for contaminated sites; these can be expected to address issues
relating to controls that can apply for the management of residual contamination on
sites.

•

In Queensland, the Department of Environment and Resource Management
(DERM) has prepared guidance relating to mining projects: Rehabilitation
requirements for mining projects (2011). Long-term containment of waste
materials is a key issue for the mining industry, and the DERM guidance provides
commentary on the acceptability of various containment situations. While the
potential for the contained waste to impact on the environment is considered, the
guidance does not outline a methodology for a formal process of risk assessment.

•

In Victoria, the EPA has developed Licence assessment guidelines: Guidelines for
using a risk management approach to assess compliance with licence conditions
(Environment Protection Authority Victoria, 2010). These guidelines relate to
landfills; however, they consider many of the issues that relate to long term
containment of contaminated materials, and outline a risk assessment
methodology that is similar to that outlined in the following sections of this report.

4.6 International
The review of international legislation carried out in Stage 1 of this project (Part 1
report) did not identify specific guidance for this area of risk assessment. A further
review of current practices was undertaken to determine whether guidance has
been previously developed for determining whether contamination can remain in
place on a site. This included a review of published literature, and consultation with
representatives from regulatory agencies in various international jurisdictions.
In particular, representatives from the following countries were consulted: USA,
Canada, UK, France, Germany, Belgium, Austria, Italy and the Netherlands.
This further review found that, while in-situ retention is widely practised as a method
of achieving practicable outcomes for contaminated sites, generally decisions on the
acceptability of in-situ retention is made on the basis of judgement of the regulatory
officers involved. The Construction Industry Research and Information Association UK
has published guidance relevant to assessing the risk associated with in-situ retention.
This guidance evolved from a project entitled Contaminated land risk assessment: A
guide to good practice (Construction Industry Research and Information Association
UK, 2001). The project reviewed the current state of good practice in the UK and
elsewhere, and sets out the context of the risk assessment process within an overall
risk management approach.
The approach outlined includes the assessment of risk associated with exposure
to contamination (this follows the approach outlined in the NEPM and in other
international guidance documents such as the United States EPA Superfund
methodology), and extends it to consider the risk associated with the potential
consequence and probability of exposure occurring. The methodology was developed
from a non-published source, which was in turn derived from earlier UK Department of
Environment guidance (Guide to risk assessment and risk management for
environmental protection). This approach is similar to that outlined in Risk Management
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– Principles and guidelines (Australian Standard and New Zealand Standard for
Occupational Health and Safety Management Systems 2009), and is considered
further in the following sections of this report. In the US, there has been consideration
of the application of engineering controls to sites where there is residual contamination,
as this is a common issue that has to be addressed. Key documents include:
•

Early guidance by the US EPA on selecting remedial actions for Superfund sites,
which refer to containment (United States Environmental Protection Authority, 1990).

•

Standard guide for use of activity and use limitations, including institutional
engineering controls (American Society for Testing and Materials International
2011). This document provides a useful structured approach incorporating
institutional controls (activity and use limitations) that are protective of human
health and the environment. It does not mandate any one particular type of activity
and use limitation, but help users identify, implement and maintain the activity and
use limitations. The guidance identifies screening and balancing criteria when
determining if controls are appropriate.

•

Standard guide for application of engineering controls to facilitate use or
redevelopment of chemical-affected properties (American Society for Testing and
Materials International 2010). This document outlines general considerations for
application of engineered controls to facilitate redevelopment of properties
containing contaminated soil and groundwater. It particularly applies to
contamination will remain in place and where active or passive engineering
controls will be used to reduce or eliminate exposure that might otherwise pose an
unacceptable risk to property users.

4.7 Conclusions – Specific regulatory requirements and guidance
It can be seen that, with respect to the guidance reviewed:
•

in-situ retention of contamination is not precluded as long as beneficial uses are
not affected

•

specific conditions can be attached to the use of land and the activities that can take
place on the land that allow for in-situ retention and protection of beneficial uses

•

while the guidance allows for in-situ retention and requires that the risk be
evaluated, regulatory guidance that specifies how the risk is to be evaluated and
the basis for concluding that the level of risk is acceptable was not identified

•

there are methods of assessing the risk associated with in-situ retention of
contamination, including guidance on carrying out audits of risk to beneficial uses
in Victoria, and the methodology outlined in Risk Management – Principles and
guidelines (Australian Standard and New Zealand Standard for Occupational
Health and Safety Management Systems, 2009) has general applicability and has
been applied in some other jurisdictions such as the UK and the US

•

there is guidance in the US relating to the application of institutional controls, and
engineering controls, to situations where contamination is to remain in-situ, and

•

contaminated soil that is disposed of as a waste (e.g. off-site) will be subject to
controls and licensing, and it is important to avoid handling contaminated soil in a
way that requires the activity to be licensed, as this may well be incompatible with
non-licensed land uses.
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5. A methodology for assessing in-situ retention
5.1 Introduction
In the preceding section, it was shown that in-situ retention is not precluded as long
as beneficial uses of the land, groundwater, surface water and air are not affected.
Conditions on the use of land and the activities that can take place on the land can
provide for the protection of beneficial uses and allow in-situ retention of contamination.
To determine whether a particular proposal for on-site containment (including the
accompanying controls) can be considered appropriate, it is necessary to assess the
risks involved and how these are shared, and also to consider whether other remedial
options might offer a better solution. This requires an assessment of not only the risks,
but also the technical feasibility, logistics, costs and benefits, and management controls
for each of the site remediation options available. Currently, regulatory authorities and
environmental auditors routinely carry out such assessments and make decisions
taking these factors into account. However, this process is not clearly defined nor
necessarily consistent.
This report seeks to address this issue by proposing a process for assessing options
and in particular determining the risk posed to beneficial uses by the residual
contamination. This information can then be used to inform decision making as to
whether it may acceptable for the contamination to remain on-site at levels in excess
of the criteria for contamination remaining in surface soils. Note that the approach
outlined below has the intent of providing information useful in decision making. It is
not intended to advise on whether in-situ retention is acceptable or not in a particular
situation; this requires a detailed consideration of the situation and whether the
circumstances and stakeholder requirements support the conclusion that in-situ
retention is acceptable.

5.2 Overview of approach to risk assessment
Determining the risk associated with in-situ retention of contamination is a complex
matter. Risk depends on a variety of factors, such as what consequences are of
concern (e.g. impact on human health, the environment, liability, cost, reputation),
and the perspective of the particular stakeholder(s) that are to be the focus for the
assessment (e.g. site owner, future site owner, site user (resident or worker),
regulatory agency, public adjacent to the site). For the purpose of carrying out an
initial assessment of risk, it is proposed that the assessment consider:
•

The potential for the residual contamination to pose a risk to beneficial uses, in
particular the beneficial uses of land, groundwater, surface water and air at and
adjacent to the site. This is in accordance with the framework and approach taken
in Victoria for an audit under Section 53V of the Environment Protection Act 1970
(refer to Section 4.3.6).
Note that this focuses on environmental protection and the risk to beneficial uses;
it includes consideration of the cost to redress problems that occur, but does not
extend to consider risk in terms of liability (such as lost time and holding costs), or
possible effects on reputation. If this broader perspective is required, it can be a
simple matter to use the same approach to extend the assessment to consider
these factors.
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•

The assessment of risk within this framework using a semi-quantitative approach
based on Risk Management – Principles and guidelines (Australian Standard and
New Zealand Standard for Occupational Health and Safety Management Systems
2009) and Risk management – Risk assessment techniques (International Electrotechnical Commission & International Organization for Standardization 2009).

The basis for this is as follows:
•

it is consistent with an accepted Australian regulatory approach and regulatory
policies

•

it provides an understanding of environmental risk

•

it provides a structured and comprehensive approach to assessing the risks
associated with the residual contamination, and includes assessment of the risks
associated with the use of land (e.g. human health, ecology, aesthetics, buildings,
and production of food, flora and fibre), the use of groundwater, the use of surface
water, and risks to air (such as may occur through volatilisation of contamination),
and

•

it applies a risk methodology that is widely used and recognised in Australia, and
that is simple to apply for risk screening purposes.

The proposed approach is also consistent with that proposed as best practice in the
UK (refer to Section 4.6), and recently evolving Australian practice (e.g. Licence
Assessment Guidelines: Guidelines for using a risk management approach to assess
compliance with licence conditions (Environment Protection Authority Victoria, 2010)).
Note that the approach provides an initial screening of risk to determine the factors that
are important and where a more detailed assessment could be carried out, if
necessary. As noted in Section 5.1, it is intended to inform decision making; how the
results of this assessment are to be used for decision making requires further
consideration. The methodology can be applied to assessing the risk associated with
options for the management of contaminated land, and can be applied to both small,
relatively simple projects, and large complex sites. This Australian standard is
considered to be an appropriate basis for option evaluation, decision making, and risk
management for contaminated land practitioners. Where appropriate, additional
comments and guidance specifically related to contaminated land management have
been added to the Risk Management – Principles and guidelines (Australian Standard
and New Zealand Standard for Occupational Health and Safety Management Systems,
2009) methodology.

5.3 Assessment of risk using Risk management – Principles and
guidelines
5.3.1 Terminology
Risk Management – Principles and guidelines (Australian Standard and New Zealand
Standard for Occupational Health and Safety Management Systems, 2009) defines risk
and the components of risk as follows:
a)

Risk – the effect of uncertainty on objectives.

b)

A risk source – an element which alone or in combination has the intrinsic
potential to give risk (e.g. a dangerous chemical).
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c)

An event or incident – an occurrence or change of a particular set of
circumstances.

d)

A consequence – an outcome of an event affecting objectives.

e)

Likelihood – the chance of something happening.

f)

Control – a measure that is modifying risk.

5.3.2 Overview of approach
The guidelines involve the following overall approach:
a)

Communicate and consult – Communicate and consult with internal and external
stakeholders as appropriate at each stage of the risk management process and
concerning the process as a whole.

b)

Establish the context – Establish the external, internal and risk management
context in which the rest of the process will take place. Criteria against which risk
should be evaluated should be established and the structure of the analysis
defined.

c)

Identify risks – Identify where, when, why and how events could prevent, degrade,
delay or enhance the achievement of the objectives.

d)

Analyse risks – Identify and evaluate existing controls. Determine consequences
and likelihood and hence the level of risk. This analysis should consider the range
of potential consequences and how these could occur.

e)

Evaluate risks – Compare estimated levels of risk against the pre-established
criteria and consider the balance between potential benefits and adverse
outcomes. This enables decisions to be made about the extent and nature of
treatments required and about priorities.

f)

Treat risks – Develop and implement specific cost-effective strategies and action
plans for increasing potential benefits and reducing potential costs.

g)

Monitor and review – It is necessary to monitor the effectiveness of all steps of
the risk management process. This is important for continuous improvement.

Risks and the effectiveness of treatment measures need to be monitored to ensure
changing circumstances do not alter priorities. For each stage of the process, records
should be kept to enable decisions to be understood as part of a process of continual
improvement. Commentary on each of these stages is provided in the following
sections.

5.3.3 Communicate and consult
In the context of assessing the risk associated with in-situ retention of contamination,
there will be the need to communicate and consult with internal and external stakeholders to confirm that the approach being taken is consistent with the overall
objectives for the site and its management, and that the outcomes, if they unfold as
expected, can be expected to provide an acceptable outcome.
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In the first instance, it is essential that it be confirmed that in-situ retention is an
acceptable approach for consideration. In this respect, it can be questioned as to
whether the approach might be seen to be in conflict with the principle of intergenerational equity, whether it meets the requirements of the relevant regulatory
agencies, or whether it might not accord with the policies of the site owner. Clearly,
if it is seen to not be an acceptable approach, the option should not be further
considered. It is possible that the acceptability of the approach will depend on the
level of risk of the final solution; if this is the case, then the risk assessment approach
should be helpful in ensuring a better understanding of the risks that are involved.
In considering the perspectives of different stakeholders, the criteria for ‘safety’ from
a public perspective can be markedly different to those of a technical audience.
The public and persons not familiar with contamination (such as council staff) will
incorporate a significantly different value set (or perception) in making an assessment
of whether, and under what conditions, it might be suitable to allow contamination in
excess of the land use criteria to remain on-site. The public will take into account
issues such as whether they were properly notified in advance of the issue; the
proposed future land use (e.g. ‘do you expect me to raise my children here?’), potential
offsite impacts that may occur during remediation and development works, who the
proponent is and whether they feel they can be trusted, how tightly scrutinised a
proposed development is likely to be and who is doing the overseeing, and whether or
not they were consulted about the suitability of a particular development. Councils and
developers will be concerned about risk and liability, and whether the situation will
result in problems for their council or company in the future. Regulatory agencies will
also be concerned that the regulations have been followed and no breaches of
legislation and guidelines have occurred.
In addition, in contaminated land work often a future owner is not identified as the site
is only sold after remedial works have been carried out, and hence existing guidelines
on consultation may not be relevant. This presents significant challenges for the
proponent of a development on contaminated land. Achieving an appropriate level of
disclosure and how people are told about contamination is difficult: if this is not done
appropriately it could result in a public backlash, or concern that there has not been
adequate disclosure. There is already existing guidance on community consultation in
the NEPM and enHealth documents, and CRC CARE has prepared a handbook for
community engagement (Engaging the community: a handbook for professionals
managing contaminated land, Heath et al. 2010).

5.3.4 Establish the context for the risk assessment
With respect to assessing the risk associated with in-situ retention of contamination, it
is important to establish the purpose of the risk assessment, and how the results of the
risk assessment will be used and decisions made. It is useful to distinguish and
consider both the external and the internal contexts of the risk assessment. The
external context relates to an organisation’s relationship with, and perceptions by,
external people. The internal context relates to values and culture of the organisation.
In assessing the risk, it needs to be decided as to what risk is being assessed. For
example, the risk may be based on an assessment of the potential to give rise to
adverse operational, technical, financial, legal, social, environmental, humanitarian or
reputational effects.
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Generally an auditor, when reaching a conclusion as to whether land is suitable for
use, will consider whether the contamination affects beneficial uses and will reach a
decision on that basis. This is in accordance with the guidelines to auditors for issuing
statements of environmental audit. It is only when it is found to not be possible to avoid
some effect on beneficial uses, that other considerations such as practicability are
considered. Thus it is suggested that:
•

The initial assessment of risk should focus on the potential for the residual
contamination to pose a risk to beneficial uses of the environment, in particular the
beneficial uses of land, groundwater, surface water and air at and adjacent to the
site, rather than on the risks to reputation, financial (such as might arise though
delay to a development), legal, or social factors, or considerations of sustainability.
This approach will identify options that are consistent with meeting the regulatory
requirements for protection of human health and the environment and, once these
options are identified, the consideration of broader issues can take place in the
later stages of evaluation, as needed.

•

An initial view should be formed to determine the context – i.e. how the results of
the risk assessment will be used. For example, if the risk is determined to be ‘low’,
does this infer that it is acceptable and no further action is required? Conversely, if
the risk is ‘high’, does this infer that treatment needs to be carried out to reduce the
risk to a low level?

In general, a conclusion on the risks to beneficial uses will depend on legal and
regulatory requirements, and may be affected by the interests and perceptions of
stakeholders and an organisation's internal policies, goals and objectives. Risks to
reputation, financial, legal, and social factors, and considerations of sustainability will
depend on similar factors, but the importance and balancing of these factors may
change and will be dependent on the internal perspective of the organisation
responsible for the assessment. Although the broad criteria for making decisions
should be considered when establishing the risk management context, they may be
further developed and refined subsequently as particular risks are identified and risk
analysis techniques are chosen. The risk criteria should correspond to the type of risks
and the way in which risk levels are expressed.

5.4 Step 1: Identify the beneficial uses to be protected
5.4.1 Regulatory requirements
In terms of assessing the risk to beneficial uses, it first needs to be determined which
beneficial uses are relevant to the land, groundwater, surface water and air at or in the
vicinity of the site, and need to be protected. While land and groundwater will usually
be the primary media of interest, contamination of these media can impact air and
surface water, and therefore there is an interest in all four media. The beneficial uses to
be protected for particular segments of the environment are declared in state policies,
such as the Victorian state environment protection policies (SEPP). Examples for
Victoria are provided in the following sections.
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5.4.2 Beneficial uses of land
The SEPP (Land) (Environment Protection Authority Victoria, 2002) identifies the
protected beneficial uses for various land use categories, such as sensitive use (e.g.
residential, primary school), recreational and open space use, and commercial/
industrial. For each of these land uses, various beneficial uses are required to be
protected. These include maintenance of ecosystems at various levels of protection,
human health, buildings and structures, aesthetics, and production of food, flora and
fibre.

5.4.3 Beneficial uses of groundwater
The Groundwater SEPP (Environment Protection Authority Victoria, 1997) classifies
groundwater into a number of segments based on the total dissolved solids (TDS)
concentration of the groundwater. The beneficial uses to be protected for each of the
segments of groundwater are defined in the groundwater SEPP, and in general include
maintenance of ecosystems (e.g. in receiving surface waters/where groundwater might
discharge to land), potable water/mineral water supply, water for agriculture, parks and
gardens, stock water, buildings and structures, industrial water and primary contact
recreation (swimming pool makeup). In addition, while not specifically listed, consideration should also be given to the effects of volatiles (vapour intrusion into buildings
arising from the groundwater), and discharges to drains and sewerage systems.

5.4.4 Beneficial uses of surface water
The SEPP: Waters of Victoria (Environment Protection Authority Victoria, 2003)
specifies the beneficial uses that are to be protected for surface waters. These are
defined in terms of particular segments (such as aquatic reserves, wetlands and lakes,
rivers and streams, highlands, forests, cleared hills and coastal plains, and certain
other plains) and include maintenance of aquatic ecosystems and associated wildlife,
potable after treatment, primary contact recreation, secondary contact recreation,
aesthetic enjoyment, indigenous and non-indigenous cultural and spiritual values,
aquaculture, fish crustacea and molluscs for human consumption, industrial water use.

5.4.5 Beneficial uses of air
The SEPP (Air Quality Management) (Environment Protection Authority Victoria, 2001)
identifies the beneficial uses of air that need to be protected; those relevant to
contaminated land and groundwater include human health and aesthetics (e.g. odour).

5.5 Step 2: Identify the scenarios that give rise to risk
In terms of identifying how risks can arise from the in-situ retention of contamination, it
is important to carry out a structured process of identifying how risks arise. This can
involve, for example:
•

an initial high level assessment followed later by a more detailed assessment
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•

analysing the source-pathway-receptor linkages to identify situations and events
that might result in adverse effects on receptors, and a ‘what if’ scenario analysis,
and

•

team-based brainstorming workshops using checklists in the form of the relevant
legislative requirements and guidelines, and incorporating a range of stakeholders
to introduce different knowledge bases and perspectives.

In terms of identifying how risks can arise from the in-situ retention of contamination,
it is important to develop a conceptual site model (CSM) that indicates the sourcepathway-receptor linkages that exist and how receptors can be adversely affected.
The Guideline for Assessment of On-site Containment of Contaminated Soil (Australian
and New Zealand Environment and Conservation Council, 1999) provides useful
information on the factors affecting the integrity of containment and how releases may
occur.
In addition, the Standard guide for use of activity and use limitations, including
institutional and engineering (American Society for Testing and Materials International,
2011) controls provides information on institutional controls and their appropriateness
and limitations, and the Standard guide for application of engineering controls to
facilitate use or redevelopment of chemical-affected properties (American Society for
Testing and Materials International, 2010 ) provides information on engineering
controls (such as capping) to reduce or eliminate exposure. The development of the
CSM is an iterative process, in which the model is refined as further understanding of
the site contamination and issues are identified. Initially, an exposure pathway analysis
may be conducted, where the exposure pathways are examined at a high level by
comparison with the relevant state legislation or guidelines for the identified receptors.
In this way, all beneficial uses can be systematically considered to ensure that all uses
are included and that the boundaries between legislative jurisdictions are clearly
defined. In particular, the exposure pathway analysis should consider the following:
•

relevant beneficial uses of land, air and water that could be impacted (including
human health, maintenance of ecosystems (flora and fauna), the fabric of buildings
and structures (including services), the aesthetic environment, and the production
of food, flora and fibre)

•

source of contamination (e.g. spills, contaminated fill material etc.)

•

release mechanisms (e.g. leaching, volatilisation)

•

transport media (e.g. soil, groundwater, surface water, air)

•

exposure point where the receptor comes into contact with the contamination (e.g.
use of groundwater via an extraction bore, contaminated soil beneath a building),
and

•

exposure route (e.g. inhalation, ingestion, dermal contact, uptake by vegetation).

If the complexity of the site and diversity of potential impacts is such that a systematic
comprehensive approach is required, exposure flowcharts can be developed for the
following scenarios (amongst others) for the risk posed by:
•

contaminated soil to on-site land beneficial uses

•

contaminated soil/groundwater to on-site groundwater beneficial uses
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•

contaminated soil/groundwater to offsite groundwater beneficial uses (uses close
to the site)

•

contaminated soil/groundwater to offsite groundwater beneficial uses (uses far
from the site)

•

contaminated soil/groundwater to offsite land beneficial uses (uses close to the
Site)

•

NAPL to on-site land beneficial uses

•

NAPL to on-site groundwater beneficial uses

•

NAPL to offsite land beneficial uses (near the site)

•

NAPL to offsite groundwater beneficial uses (uses close to the site), and

•

NAPL to offsite groundwater beneficial uses offsite (uses far from the site).

Often, consideration needs to be given to cross media contamination (e.g. soil
contamination contributing to groundwater contamination through leaching, or soil and
groundwater contamination volatilising into indoor or ambient air). Exposure
assessment also needs to consider the presence and behaviour of persons who are on
or near the site, and the nature and location of the contamination, for example:
•

Whether persons will carry out excavations and come into direct contact with subsurface soils. Such excavations could be required for maintenance of sub-surface
utilities or construction works associated with renovations and future development
including building of basements or in-ground swimming pools. The presence of
existing overlying structures can be important, e.g. an existing building may
prevent excavation works.

•

Whether persons will comprise workers, or the general public. Where sites are
secure and access is restricted, the general public may be prevented from
accessing areas of contamination, whereas sites open to the public can allow free
access to an area where contamination is present.

•

The number of persons, which can depend on the site locality and population
density. For example, a petroleum spill on a highway in a remote rural area is
unlikely to result in exposure to persons, whereas contamination in an urban park
is much more likely to result in exposure.

5.6 Step 3: Analyse risks
5.6.1 Assigning risk levels
Using the approach outlined above, many combinations of receptors, general exposure
pathways and relevant beneficial uses to be protected may be identified. To evaluate
the risk associated with each of these cases, a semi-quantitative approach considering
the likelihood and consequence of scenarios is proposed, with reference to Risk
Management – Principles and guidelines (Australian Standard and New Zealand
Standard for Occupational Health and Safety Management Systems, 2009) and
associated guidance (Risk management – Risk assessment techniques (International
Electrotechnical Commission & International Organization for Standardization, 2009)).
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The Environment Protection Authority Victoria has adopted similar guidance: Licence
Assessment Guidelines: Guidelines for using a risk management approach to assess
compliance with licence conditions (2010). In Risk Management – Principles and
guidelines, risk is effectively a function of both the likelihood and the magnitude of the
consequence. The relationship can be defined through a matrix of risk as a function of
likelihood and consequence as shown in Table 2.
Table 2. Matrix to determine level of risk (applicability to be confirmed with stakeholders).

Consequence

Probability
A: Improbable

B: Unlikely

C: Possible

D: Likely

E: Highly likely

1: Insignificant

Negligible

Negligible

Negligible

Low

Low

2: Minor

Negligible

Low

Low

Medium

Medium

3: Medium

Low

Medium

Medium

High

High

4: Severe

Medium

Medium

High

High

High

If it is assumed that the level of risk is proportional to measures of likelihood and
consequence, then the risk function will be a simple product of the two measures. In
some cases, however, the relationship is not a simple linear relationship, but may be
logarithmic, or non-linear, or linear through only part of the range. Where the likelihood
is high or an event is almost certain, then the risk becomes equal to the consequence
alone. Likewise, high consequence outcomes may be so unacceptable that the
likelihood of the occurrence is not a relevant factor. Because of this, the matrix
approach to assigning a risk level to a particular combination of likelihood and
consequence is often the simplest and most straightforward, and it is proposed that it
be adopted.
It is emphasised that the basis for such a matrix needs to be set with reference to the
particular site of interest, and the descriptors and level of risk calibrated with the
stakeholders involved. In the following tables, risk rankings and descriptors have been
outlined; these are intended to illustrate the process but may not be appropriate for
particular sites and particular stakeholder groups. Commentary on calibrating the risk
matrix is provided in a later section. In formulating this example matrix, consideration
was given to whether an ‘A4’ ranking should correspond to a ‘low’ risk ranking,
because if the likelihood is improbable then it could be considered that the risk is low.
For initial purposes ‘medium’ was adopted; however, it is suggested that further
consideration be given to this particular ranking when assessing a site.
While a matrix approach to assigning risk, which is consistent with the methods
outlined in Risk Management – Principles and guidelines (Australian Standard and
New Zealand Standard for Occupational Health and Safety Management Systems,
2009) and Risk management – Risk assessment techniques (International
Electrotechnical Commission & International Organization for Standardization, 2009) is
proposed, these standards allow different approaches and are not prescriptive with
regard to either adopting the matrix approach or a particular matrix.
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5.6.2 Assigning likelihood levels
As a first stage in assessing the risk to beneficial uses, an initial assessment should be
undertaken of the likelihood of a plausible scenario occurring in which contamination
would give rise to a significant effect on the beneficial uses.
In each case, a particular scenario and level of effect or consequence should be
considered, and the likelihood of this scenario occurring should then be determined
based on specific information obtained on the site and consultation with stakeholders.
In selecting the level of effect or consequence, consideration should be limited to
plausible scenarios and effects. Often, it will not be possible to define the likelihood
quantitatively and descriptors that are more general in nature such as ‘likely’ or
‘unlikely’ are proposed. A typical set of descriptors that can be used to assess in-situ
retention of contamination is listed in Table 3. These descriptors have been sourced
and adapted from Contaminated land risk assessment: A guide to good practice
(Construction Industry Research and Information Association UK, 2001) and Risk
Management Guidelines Companion to AS/NZS 4360:2004 (Australian Standard and
New Zealand Standard for Occupational Health and Safety Management Systems,
2004). Determining likelihood requires the application of professional judgement, and
will draw on knowledge and experience relating to potential failure of the applicable
controls.
Table 3. Classification of likelihood of a particular scenario occurring (applicability to be confirmed
with stakeholders).

Classification

Definition

A: Improbable

Circumstances are such that it is improbable that an event would occur; or
theoretically possible but not expected to occur.

B: Unlikely

Circumstances are such that it is unlikely that an event would occur, even
in the long term.

C: Possible

Circumstances are possible in which an event can occur but it is by no
means certain that even over the long term such an event would take
place, and it is unlikely to occur in the short term.

D: Likely

Circumstances are such that it is probable that an event will occur; or
an event is possible in the short term and is likely over the long term.

E: Highly likely

The event appears very likely in the short term and almost inevitable in the
long term.

Published HILs and EILs are based on the assumption that exposure will occur, and
are generally protective of receptors relevant to a given land use. When exposure is
not continuous or it is uncertain whether exposure will occur, it may be possible to
allow contamination levels higher than the HILs and EILs. In such situations the
likelihood that exposure may occur can be taken into account. In the case of certain
groundwater uses, for example, it might be unlikely that the use will eventuate (such
as potable use in an urban area), and this can be taken into account in assigning
likelihood and determining risk in a particular situation.
For some aspects of exposure, likelihood and duration of exposure may be able to be
quantified. For behavioural characteristics of people, a statistical approach may be
used. Surveys can be used in such an analysis, for example to determine how often
people visit a park. The Australian Bureau of Statistics can be a source of information
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for human behaviour and exposure. An Australian exposure factor guide was released
by enHealth in 2012.
Engineered solutions to containment may make use of systematic analysis methods
such as fault tree analysis to provide a quantitative method of assessing probability of
failure drawing on known failure rates of particular components, HAZAN (hazard
analysis to identify the frequency of incidents and their consequences) and HAZOP
(hazard and operability study, which may relate more to the remedial activity) may also
be employed.

5.6.3 Assigning consequence levels
Following the assessment of likelihood, the assessment of consequence should be
undertaken. With regard to in-situ retention of contamination, consideration can be
given to effects on people (human health, aesthetics), environment (actual impact on
ecosystems, as distinct from regulatory compliance) and assets and heritage. When
assessing the risk associated with in-situ retention of contamination, consideration
needs to be given to the time frame of the potential exposure. If the scenario leads
to long term chronic exposure (such as migration of a plume of contamination under
a building), then the potential health effect would need to be evaluated in terms of the
effects of long term chronic exposure. If the scenario involves a short term exposure
(such as a result of exposure to sub-surface contamination during repair of services)
then the potential health effect might best be evaluated in terms of a short term acute
effect. A typical set of descriptors defining the consequence of an event occurring are
listed in Table 4. These descriptors were sourced and adapted from Risk management
– Risk assessment techniques (International Electrotechnical Commission &
International Organization for Standardization 2009), Contaminated land risk
assessment: A guide to good practice (Construction Industry Research and Information
Association UK, 2001) and Risk Management Guidelines Companion to AS/NZS
4360:2004 (Australian Standard and New Zealand Standard for Occupational Health
and Safety Management Systems, 2004), and have been used in the case examples
that accompany this report.
In the context of contaminated land, quantification of consequence is common practice.
Published human health and ecological investigation levels (HILs and EILs) indicate
the baseline acceptable level for continuous long term exposure to human health
and/or the environment. There are accepted and commonly used methods of
estimating the level of risk associated with concentrations that exceed the HILs and
EILs (e.g. the science of quantitative health risk assessment and ecological risk
assessment). For higher short term exposures, there are methods that are used in the
work place (such as exposure standards) at which immediately observable (acute
effects) may be observed. There are also various chemical fate and transport models
that are available and are commonly used to evaluate the potential for migration of
contaminants and for exposure to occur. Such models include volatilisation from soil
and groundwater into air, groundwater dispersion models, and air dispersion models.
Through the use of these tools, consequence may be evaluated semi-quantitatively by
determining limits on acceptable risk levels. For example, for cancer risk, a lifetime risk
less than 1 in 100,000 may be considered negligible, a risk in the order of 1 in 10,000
is very unlikely to give rise to observable health effects over a lifetime but will be
viewed with concern, and a risk in the order of 1 in 1,000 is unlikely to give rise to
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observable health effects but can be expected to be viewed with a high level of
concern.
It can be appreciated from this that the perception of risk and acceptability
will not necessarily match with the likelihood of actual effect, and it will be necessary to
calibrate the risk ranking with the relevant stakeholders.
While general contaminant concentration ranges of effect and concern are indicated
in Table 4, the actual range can depend on the chemical involved, and it may be
found that smaller ranges apply than those indicated. For example, while the ranges
suggested may be appropriate for carcinogens, they may not be appropriate for
chemicals where there is a threshold of effect (such as lead) and a ten-fold
exceedence of the HIL may be more significant than inferred in Table 4.
In considering the possible cost to assets and heritage, the descriptors include
consideration of the cost to remediate or clean up. While this is not a cost related to the
effect of contamination on assets such as structures and buildings, it does consider
land (and groundwater) as an asset and can be relevant. Thus this measure suggests
that the cost of the possible clean up in the future needs to be considered. This brings
into account intergenerational equity, or other costs that may revert to the original
polluter and vendor through instruments such as financial assurance, or contractual
agreements, and the broader issues of sustainability.

5.6.4 Calibration of the risk tables
It is necessary to calibrate the descriptors and the combination of likelihood and
consequence with relevant stakeholders to confirm that the risk level corresponds to
what they would expect to be a low, medium or high risk. The risk ranking is linked to
whether the risk level will be judged to be acceptable or action will be taken to reduce
the risk. This is discussed in the next section.
Table 5 provides combinations of likelihood and consequence that result in a ‘low’ level
of risk if the previous descriptors and risk matrix are adopted. This type of comparison
can be useful in determining if the scenario/likelihood combinations reflect the level of
risk that would be expected. Note that the size of the organisation and the significance
of certain of the measures, such as impact on assets, may affect the risk ranking. For
example, the cost ranges used for assigning risk to assets and structures may be
appropriate for a large organisation, but if only a single residence were to be involved
then it may be appropriate to select lower cost thresholds.
In terms of relating these rankings to present Australian practice, it can be noted that
the current NEPM allows for a four-fold increase in concentrations beyond the HIL(A)
where the contamination remains under structures or paving, with no specific controls
on work that might result in paving being removed in the future. Here the consequence
might be judged to be ‘minor’ from Table 3 and the likelihood might be ranked in the
range ‘possible’ to ‘likely’ from Table 3, with the risk corresponding to ‘low’ to ‘medium’
from Table 2.
Auditors will often allow contamination to remain under a paving or capping of say
0.5 - 1 m subject to control under a body corporate and some planning controls; while
there is no specific guideline as to the concentration allowable, this might be in the
range of 1 - 10 x HIL(A) or possibly higher (e.g. 10 - 100 x HIL(A)), and the likelihood
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might be ranked as ‘Possible’. In this case the risk would be ranked as ‘low’ to
‘medium’ from Table 2.
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Table 4. Classification of consequence of a particular scenario if it occurs (applicability to be confirmed with stakeholders).

People

Assets & Heritage, or other works

Environment

Classification: Insignificant (1)
Control fails but there is negligible effect on human health.
Examples
•

•

Control fails resulting in contamination in surface soil generally with
concentrations < HIL or equivalent (perhaps minor localised
exceedence); or
Concentrations in groundwater < limit for use, occasional exceedence.

Control fails but results in only
very minor repairable damage to
building, structures and services,
or very minor remedial works to
clean up the contamination.

Control fails but results in negligible effects on
ecosystems or water resources.
Examples:
•

Examples:
•

Vapour intrusion results in building air concentrations < allowable ambient
air level, occasional exceedence.

Control fails and results in slight
damage costing <$10,000 to
repair or remediate.

Control fails resulting in contamination in surface
soils or receiving water generally with concentrations
< EIL or equivalent (perhaps with some minor
localised exceedence but effect is unlikely to be
observable).

Classification: Minor (2)
Control fails and there are non-permanent effects on human health (shortterm inconvenience or short term symptoms).
Examples
•

•

Control fails resulting in contamination in surface soil with
concentrations in range 1 to 10 x HIL (or equivalent) over extensive
areas of the site (with perhaps some minor localised areas exceeding
10 HIL), and persons are exposed to these concentrations over a long
period; or
Concentrations in groundwater are in range 1 – 10 x use limit, and
groundwater is likely to be used for this use.

Control fails but results in only
easily repairable effects to
buildings, structures and services,
or minor remedial works to clean
up the contamination.
Examples:
•

Control fails and results in
damage with a cost to repair in
range $10,000 – $100,000 or
remediate.

Vapour intrusion results in building air concentrations in range 1 – 10 x
allowable ambient air level.
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Control fails and results in effects of pollution on
ecosystems being detectable but the effects will be
localised and non-permanent.
Examples:
•

Control fails and results in loss of some plants in a
landscaping scheme.

•

Control fails and results in contamination in surface
soils or receiving waters with concentrations in range
1 – 10 x EIL (or equivalent) over extensive areas, or
10 – 100 x EIL (or equivalent) over localised areas.

People

Assets & Heritage, or other works

Environment

Classification: Medium (3)
Control fails and there is a significant exceedence of investigation
thresholds but nevertheless a low potential for observable effect over
lifetime on human health.
Examples
•

Control fails resulting in contamination in surface soil with
concentrations in range 10 to 100 x HIL (or equivalent) over extensive
areas of the site (with perhaps some minor localised areas exceeding
100 HIL), and persons are exposed to these concentrations over a long
period; or

•

Concentrations in groundwater are in range 10 – 100 x use limit, and
groundwater is likely to be used for this use; or

•

Vapour intrusion results in building air concentrations in range 10 – 100
x allowable ambient air level, or > workplace Exposure Standards.

Control fails and results in
significant damage to buildings,
structures and services, or
significant remedial works to
clean up the contamination.
Examples
•

Control fails resulting in
localised damage to building
rendering it unsafe to occupy
(e.g. foundation damage), or
with a cost to repair or
remediate in range $100,000 –
$1 million.

Control fails and results in a detectable effect but it is
localised and not significant with respect to threatened
or endangered species.
Examples
•

Control fails resulting in pollution of surface water but
use is unlikely to be realised.

•

Control fails and results in contamination of surface
soil or surface water with concentrations in range 10
to 100 x EIL (or equivalent) over extensive areas.

•

Leaching of contaminants from a site to an aquifer
where use is possible.

•

Death of a species within a designated nature
reserve.

Classification: Severe (4)
Control fails and there is an immediate (acute) adverse effect on human
health likely to result in significant harm.
Examples
•

•

Control fails resulting in contamination in surface soil with
concentrations in soil >100 x HIL or > workplace exposure standard,
and exposure occurs for a sufficient duration for adverse effects to
occur; or
Concentrations in groundwater > 100 x use limit, and groundwater is
likely to be used for this use.

Vapour intrusion results in building air concentrations > 100 x allowable
ambient air level, or >> workplace Exposure Standards, or > Lower
Explosion Levels (LEL) or Immediately Dangerous to Life or Health
(IDLH).
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Control fails and results in
catastrophic irreparable damage
to building/ property, or very
extensive and costly remedial
works to clean up the
contamination.

Control fails resulting in detectable, widespread and
irreversible effects on ecosystems, or that may
threaten threatened or endangered species.
Examples
•

Control fails resulting in contaminant concentrations
in surface soil or surface water with concentrations
>100 x EIL (or equivalent) over extensive areas.

•

Control fails resulting in a major spillage of
contaminants from site into a water body.

•

Severe persistent impacts on aquatic populations or
habitats.

Examples
•

Control fails resulting in
explosion causing building to
collapse (can also be a shortterm human health risk if
occupied), or with a cost greater
than $1 million to repair or
remediate.
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Table 5. Calibration of risk rankings: Scenario/likelihood judged to constitute a ‘low’ risk.
Beneficial use
affected

Scenario

Scenario is judged to be a low risk if likelihood is as
follows (or less):

Human health

‘Medium’: Control fails and there is a significant exceedence of investigation thresholds but
nevertheless a low potential for observable effect over lifetime on human health, e.g. control fails
resulting in contamination in surface soil with concentrations in range 10 to 100 x HIL (or
equivalent) over extensive areas of the site (with perhaps some minor localised areas exceeding
100 HIL), and persons are exposed to these concentrations over a long period.

‘Improbable’: i.e. this scenario is theoretically possible
but not expected to occur. Have never heard of this
happening.

‘Minor’: Control fails and there are non-permanent effects on human health (short-term
inconvenience or short term symptoms), e.g. control fails resulting in contamination in surface soil
with concentrations in range 1 to 10 x HIL (or equivalent), and persons are exposed to these
concentrations over a long period.

‘Possible’: i.e. circumstances are possible in which an
event can occur but it is by no means certain that even
over the long term such an event would take place, and
it is unlikely to occur in the short term.

‘Insignificant’: Control fails but there are negligible effect on human health, e.g. contamination in
surface soil has generally with concentrations < HIL or equivalent (perhaps minor localised
exceedence).

‘High likelihood’: i.e. the scenario appears very likely in
the short term and almost inevitable in the long term.

‘Medium’: Control fails and results in significant damage to buildings, structures and services, e.g.
control fails resulting in localised damage to building rendering it unsafe to occupy (e.g. foundation
damage), or with a cost to repair in range $100,000 – $1 million

‘Improbable’: i.e. this scenario is theoretically possible
but not expected to occur. Have never heard of this
happening.

‘Minor’: control fails but results in only easily repairable effects to buildings, structures and
services, e.g. damage with a cost to repair in range $10,000 – $100,000.

‘Possible’: i.e. circumstances are possible in which an
event can occur but it is by no means certain that even
over the long term such an event would take place, and
it is unlikely to occur in the short term.

‘Insignificant’: control fails but results in only very minor repairable damage to building, structures
and services, e.g. damage costing <$10,000 to repair

‘High likelihood’: i.e. the scenario appears very likely in
the short term and almost inevitable in the long term.

‘Medium’: control fails and results in a detectable effect but it is localised and not significant with
respect to threatened or endangered species, e.g. control fails and
results in contamination of surface soil or surface water with concentrations in range
10 to 100 x EIL (or equivalent) over extensive areas

‘Improbable’: i.e. this scenario is theoretically possible
but not expected to occur. Have never heard of this
happening.

‘Minor’: Control fails and results in effects of pollution on ecosystems being detectable but the
effects will be localised and non-permanent, e.g. contamination in surface soils or receiving waters
with concentrations in range 1 to 10 x EIL (or equivalent).

‘Possible’: i.e. circumstances are possible in which an
event can occur but it is by no means certain that even
over the long term such an event would take place, and
it is unlikely to occur in the short term.

‘Insignificant’: control fails but results in negligible effects on ecosystems or water resources, e.g.
control fails resulting in contamination in surface soils or receiving water generally with
concentrations < EIL or equivalent (perhaps with some minor localised exceedence but effect is
unlikely to be observable).

‘High likelihood’: i.e. the scenario appears very likely in
the short term and almost inevitable in the long term.

Assets and
structures

Environment
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5.7 Step 4: Evaluate the risks
Having estimated the risk, it needs to be determined whether the level of risk
associated with the in-situ retention is acceptable, or whether treatment (i.e. an
additional level of control) is required to reduce the risk to an acceptable level. The
following is based on the Risk Management Guidelines Companion to AS/NZS
4360:2004 (Australian Standard and New Zealand Standard for Occupational Health
and Safety Management Systems, 2004) and provides commentary in a contaminated
land context.
The simplest risk assessment basis is to divide the scenarios and their risk levels into
two (risk) levels: those that need treatment from those which do not and are acceptable
without treatment or additional control. This gives simple results but does not reflect
uncertainties both in estimating risks and in defining the boundary between those that
require treatment and those that do not. Another common approach is to divide the
scenarios and their risk levels into three bands:
•

an upper band where adverse risks are intolerable whatever benefits the activity
may bring, and risk reduction measures are essential whatever their cost

•

a middle band (or ‘grey’ area) where costs and benefits are taken into account and
opportunities balanced against potential adverse consequences, and

•

a lower band where risks are negligible, or so small that no risk reduction
measures are needed.

Where risks are close to the negligible level (i.e. the lower middle band) there is not a
strong driver for risk reduction, and the need for action will depend on the policies and
perspective of the organisation responsible. Note that the consideration of benefits
extends further than human and ecological health, and should consider the internal and
external context of the organisation, such as corporate policies, reputation, and needs
to consider project and risk criteria as discussed in Section 5.3.5 of Risk Management
– Principles and guidelines (Australian Standard and New Zealand Standard for
Occupational Health and Safety Management Systems, 2009).
When risk is close to the intolerable level (i.e. upper band) the expectation is that risk
will be reduced unless the cost of reducing the risk is grossly disproportionate to the
benefits gained. Broader considerations of risk will also come into play, such as risk
relating to liability, cost, reputation and so on, and the decision whether to accept
certain levels of risk will need to be considered and accepted by senior management of
the organisation responsible for the decision.
For the remainder of the middle band, the concept of practicability should be
considered. Practicability can include a range of inputs to the decision, and can
include evaluating the technical practicability of solutions, and costs and benefits of
action or inaction. For risks with significant potential health, safety or environmental
consequences, the ‘as low as reasonably practicable’ (ALARP) concept can be applied.
In a contaminated land context, practicability is a significant factor in decision making.
The complete clean-up of contaminants is often not achievable and the evaluation
includes partial clean-up and management options. Such decisions could include (but
are not limited to) the following in-situ retention options:
•

leaving contaminated soil in-situ with a management plan to limit access (i.e.
maintenance of a clean fill covering layer in open space areas, or to be located
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beneath paving, roadways, buildings, etc); site management may also extend to
restricted access through fencing and signage to isolate areas of contamination.
•

containment of contaminated soil with an engineered capping layer

•

containment of contaminated soil (either without undertaking any treatment or with
some post remediation treatment) within an engineered containment cell (with
base lining and capping layers)

•

constructing vapour barriers or vapour extraction systems beneath proposed
buildings to intersect and redirect the migration of volatile contaminants from soil or
groundwater

•

groundwater management such as restricting the direct use of groundwater on-site

•

groundwater management by intersecting and treating components of a
contaminated groundwater plume, and

•

groundwater management by on-going monitoring.

Establishing whether the risk is acceptable is discussed in Section 6 of this report.

5.8 Step 6: Treat (or control) risks
Human health and environmental risk requires three components: a source, an
exposure pathway, and a receptor. Treatment of risks may occur through the
management of one or more of these components. Most regulatory frameworks have a
hierarchy for managing risks as follows:
1.

manage the source, whether it is remove the source offsite (disposal) or treat the
source to destroy (e.g. active biodegradation)

2.

manage the pathway, by preventing the contaminant to reach the receptor, either
through barrier systems or capping to prevent direct contact or vapour ingress, or
barriers or engineered containment cell to prevent groundwater impacts, and

3.

manage the receptor, either through managing behaviour through the use of
management plans, or as a worst case, relocation of receptors.

In the context of in-situ retention of contamination, treatment of risks is normally
associated with the treatment of the source, or provision of a more effective and
reliable control to reduce the likelihood of the containment failing and exposure
occurring. Often more than one component is required. For example, residual
contamination may be contained under capping soil to remove direct contact, but then
a management plan would be required to prevent people from digging through the
capping, and to maintain the integrity of the capping layer. Managing the receptor relies
on monitoring, notification and corrective response. Usually a body is responsible for
the implementation of the management plan, such as a local council, residential body
corporate entity etc., and more often than not, the body has inherited the responsibility,
not having any prior involvement in the decision-making of the remediation options.
The implementation also relies on the transfer of knowledge and record keeping of the
management process. In most jurisdictions, transfer of knowledge is built into planning
law, such that prospective purchases of property are notified of the residual
contamination and their obligations and responsibilities of implementing the
management plan. In some jurisdictions this extends further into public land such as
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parks and roads, for managing occupational health and safety issues associated with
utility maintenance. Further comment on the application of good management
principles is included in Section 6.6 of this report.
In identifying and evaluating treatment options, including the time frame for applicability
and requirements for maintenance, reference can also made to Standard guide for use
of activity and use limitations, including institutional and engineering controls (American
Society for Testing and Materials International, 2011) and Standard guide for
application of engineering controls to facilitate use or redevelopment of chemicalaffected properties (American Society for Testing and Materials International, 2010).
In some situations, there may not be a strong statutory framework for control of risk.
For example, sale of commercial/industrial property may not require an assessment or
statutory audit if being sold for continued use for commercial/industrial purposes. As
such, the responsibility would then be on the seller of the property to disclose what is
known about contamination at the site to prospective buyers (this does not negate the
responsibility of the buyer to carry out due diligence). Maintaining effective awareness
and control in such a situation is less certain, as information on the presence of onsite
contamination may be lost. Where this is the case, the likelihood of release or exposure
will increase.
While the focus is on determining the risk associated with the residual contamination, it
can also be relevant to assess the risk of alternatives, such as the risk associated with
treatment. For example, an onsite high temperature incinerator may be able to destroy
certain persistent contaminants (such as chlorinated hydrocarbons), but in the process
the incinerator may emit low levels of chemicals into the atmosphere which may be
seen to threaten public health, and cause concern or outrage of the local community. In
such situations the risk perceived by stakeholders can vary, depending on whether
they live adjacent to the property (with concern focusing on emissions to air), or will live
on the property after treatment (with concern focusing on the residual contamination).
The selection of controls should also consider the principles of sustainability, and
further comment on this is included in Section 6.5 of this report.

5.9 Step 7: Monitor and review
After the remedial solution has been implemented, it is important to follow up with
monitoring to ensure a GMP or SMP, which is implemented through a managing entity
as discussed in the previous section. Some jurisdictions have regulatory tools that they
will apply to assist in the control process, such as registering the land on a register, or
imposition of a cleanup notice, perhaps together with a financial assurance.
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6. Factors affecting acceptability of in-situ retention
6.1 Assigning likelihood and severity
Section 5 provides a set of descriptors for likelihood, severity and risk, and the case
examples in Section 6 show the application of this and variations on it for different
types of situations. Generally, likelihood will be based on experience and judgement,
and it becomes evident when assigning likelihood rankings that the actual frequency of
failure is not known. The Guideline for assessment of on-site containment of
contaminated soil (Australian and New Zealand Environment and Conservation
Council, 1999) has information on the life of containment systems (such as liners), and
there is information available on the life of landfill systems (for example) published by
the US EPA. However, the reliability of land management systems exercised by
councils or body corporate entities, for example, is not known, and anecdotal
information suggests that they are of varying reliability. As auditors place reliance on
such systems when setting conditions for the long term management of containment
barriers and land use controls, this is an area that deserves more research.
Assigning a level of consequence or severity requires knowledge about the nature of
the contamination involved and the effects that will result if the containment is not
maintained. The approach taken in Section 5 is not intended to be prescriptive, and the
examples given include severity based on the level of exceedence of HILs and EILs.
As noted in Section 5, these ranges may not be appropriate for all chemicals, and may
need to be adjusted. Some chemicals will have potential to give rise to a direct effect at
more moderate exceedences (such as lead for which the threshold is based more on
direct epidemiological information), whereas for other chemicals the potential for effect
is low (such as benzo(a)pyrene which is ubiquitous in the environment, often of limited
bioavailability, and for which quite high concentrations are unlikely to give rise to a
detectable effect). Some chemicals (such as dioxins and arsenic) engender
considerable fear in the community, and this may need to be taken into account. In
considering the possible cost to assets and heritage, the descriptors have included
consideration of the cost to remediate or clean up. While this is not a cost related to
effect of contamination on assets such as structures and buildings, it does consider
land (and groundwater) as an asset and can be relevant. Thus this measure suggests
that the cost of the possible clean up in the future needs to be considered. This brings
into account intergenerational equity, and the consideration of costs that may revert to
the original polluter and vendor through instruments such as financial assurance, or
contractual agreements, and the broader issues of sustainability.

6.2 Determining the level of risk that is acceptable
The basis for using the results of the risk assessment to reach a decision as to whether
the in-situ retention of contamination is acceptable or not has purposely not been
defined in this report, as this will depend on the specific situation and regulatory
requirements. In Section 5 it was suggested that:
a)

As long as the regulatory requirements for protection of human health and the
environment are complied with, it is would seem that risks that are ‘low’ are likely
to be acceptable, and risks that are ‘high’ are unlikely to be acceptable.
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Risks that are ‘medium’ will require careful consideration of the available controls
and their reliability, and the severity of the situation that would result if the controls
are inadequate and a release or exposure occurs. It is possible that provision of
monitoring with an appropriate planned response if problems arise might make the
situation acceptable.
b)

The criteria for acceptance can be determined on a site-specific basis to reflect the
particular circumstances – this is not dissimilar to the basis that is in place for
reviewing and reaching a conclusion as to whether the indicated risk from a
quantitative risk assessment is acceptable or not.

c)

In any event, in-situ retention of contamination must comply with the requirements
for protection of human health and the environment, and not lead to migration of
contamination that leads to unacceptable contamination of other media.

An indication of the levels of risk that are commonly accepted in Australia is indicated
by the following:
•

The NEPM 1999 (NEPC, 1999) has allowed for a four-fold increase in
concentrations beyond the HIL(A) where the contamination remains under
structures or paving; the risk associated with this might correspond to ‘low’ to
‘medium’ suggesting that this level of risk is acceptable.

•

Auditors will often allow contamination to remain under a paving or capping of say
0.5 – 1 m subject to control under a body corporate and some planning controls,
and that the risk associated with this might correspond to ‘low’ to ‘medium’, again
suggesting that this level of risk is acceptable.

•

In Victoria, the EPA has issued landfill licence assessment guidelines (2010) that
provide combinations of likelihood and consequence and a risk matrix that assign
levels of risk and acceptability that are not dissimilar to those that result from the
descriptors and risk matrix provided above.

These examples suggest that present practice can accept ‘low’ and, in some cases,
‘medium’ risk situations. Note that in these cases, acceptance would require that the
contamination does not pose a vapour intrusion or groundwater contamination risk.
Another perspective on assessing the acceptability of various containment situations in
mining has been outlined in guidance developed by DERM (2011); this discusses
various levels and effectiveness of containment in terms of whether the situation is
‘generally acceptable’, ‘may be acceptable’ or ‘rarely acceptable’. The approach taken
by DERM is interesting in that it does not attempt to provide prescriptive advice as to
what is acceptable or not, but indicates the likelihood of acceptance. As such, it informs
decision making, with the final decision being made by the regulatory agency. In
general, these considerations support the conclusions a), b) and c) above. Note that
these suggestions do not constitute regulatory advice, and reference to the relevant
agencies is required to reach a final decision on acceptability.

6.3 The perspective of other stakeholders
The assessment of risk outlined in this report has focussed on a technical evaluation of
the risk, and assumes the perspective of the technical decision maker such as an
auditor or agency who might be required to decide on whether a particular in-situ
retention solution is an acceptable one.
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Generally the approach has considered the risk from the perspective of the current site
owner, as it will usually be the site owner that has the ultimate responsibility for
selecting and implementing a remedial solution. This perspective will extend to the
regulatory agency or site auditor who advises on whether the proposed solution is likely
to be acceptable, and certifies that the outcome when implemented is acceptable.
While the risk assessment can extend to other stakeholders such as the regulatory
agency, or council, or a future owner of the site, or the community in the vicinity of the
site, this will generally not be the immediate focus and basis for the risk assessment,
but does need to be considered. Where the community needs to be consulted,
reference should be made to guidance relating to engaging the community (e.g. Heath
et al. (2010)). With respect to future owners and users of the site, in most cases they
will not be known at the time that the evaluation is being carried out. It is essential that
future owners and users be appraised of the situation so that they can consider the
issues when making the decision as to whether to take up the ownership or occupancy
of the site. Ensuring that prospective owners are aware of contamination and there are
‘no surprises’ is an important aspect of managing perceptions, and this requires there
to be adequate notification procedures/mechanisms in place.
Providing for future notification will generally rely on appropriate institutional controls
being in place. There are many options for institutional controls, and these vary from
state to state, as noted in Section 4 of this report. The effectiveness of the particular
institutional control that applies can be evaluated in the risk assessment process, and
the risk assessment process can be extended to include the perceptions of risk that
such future owners and users might be expected to have. In this respect, work with the
community has shown that the perception of risk that lay people have can differ
markedly from that of technical people. These differences can be large: the community
may view the risk associated with hazardous contamination as being some 1000 fold
higher than that perceived by a technical person, and the community may consider that
the level of expenditure on an option should be similarly higher to reduce the risk to an
acceptable level. These factors reinforce the need to provide adequate measures for
notification.
In circumstances where there is an existing group of stakeholders with a direct interest
in the measures being adopted for the site, such as where contamination may be
identified under an existing residential development, a formal program of community
consultation may well be required to determine an acceptable solution to the problem
and whether in-situ retention might form part of this. Where it is determined that
community engagement is a necessary component of risk evaluation, reference should
be made to the CRC CARE handbook, Engaging the Community: a handbook for
professionals managing contaminated land (Heath et al. 2010). This handbook acts as
a supplement to existing guidelines, standards and codes, and provides a useful tool
for developing a community consultation and engagement process.

6.4 The level of risk in remediation decision making
Australian practice is to determine the acceptability of residual contamination on the
basis of whether contamination will adversely affect beneficial uses, such as human
health.
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With respect to the protection of human health, as the HILs are set on the basis of
protecting human health, it follows that, if the site situation relating to exposure is
consistent with the assumptions that form the basis for the HILs, then concentrations of
contamination that exceed the HILs may not be acceptable and require clean up. Note
that if the situation relating to exposure or the characteristics of the contamination differ
from that assumed in the HILs, then Australian guidance allows site-specific criteria to
be developed which may differ from the HILs, although the same risk criterion (cancer
risk or hazard quotient) applies. This differs from that in some other countries, where
the HILs are regarded as target levels and the concentrations at which clean-up is
required are higher (e.g. intervention levels rather than target levels). Thus it may be in
some other countries that higher risk levels (e.g. 1 in 10,000, rather than 1 in 1 million
or 1 in 100,000) can be accepted.
It is important not to assume that the risk-based approach outlined in this document
provides a mandate for accepting higher levels of contamination. The approach
outlined in this document assumes that with the containment in place the HILs (or the
equivalent risk level) will be complied with, and it is only in the (unlikely) situation that
the containment breaks down that the HIL risk levels will be exceeded. Hence the
approach outlined here is that normally the allowable exposure (e.g. the HILs) will not
be exceeded, but consideration is given to the possibility that the allowable exposure
will be exceeded at some time in the future. It follows that if the containment system
does break down clean up may then be required.
The discussion above relates to the protection of human health. It can be that other
beneficial uses such as the terrestrial ecosystems (plant growth, and the production of
food) need to be protected. The criteria for these may be more stringent, in which case
the clean-up criteria would be more correspondingly more stringent.

6.5 In-situ retention of contamination and sustainability
The concept of ‘sustainable remediation’ of contaminated sites has been developing
both internationally and in Australia. SuRF Australia has developed a framework for
sustainable remediation (2011). Since 2012, CRC CARE’s major research program
(Program 1: National Remediation Framework) has focused on developing knowledge
that will assist in applying the concepts of sustainable remediation. While the definition
of ‘sustainable remediation’ may vary, generally it refers to taking a ‘triple bottom line’
approach to determining the preferred outcome for a contaminated site. It considers the
environmental, financial and social benefits and impacts of particular solutions for a
contaminated site, and seeks to determine the solution that has the greatest net benefit
that is acceptable to the various stakeholders.
In undertaking the consideration of environmental, financial and social factors, it
becomes apparent that relevant indicators to each of these factors need to be defined
so that there is a common basis for assessment. This has been particularly considered
in the UK SuRF UK, which has published useful set of indicators (which are
summarised in Table 6), and these have been adopted by SuRF Australia (2011).
These are summarised in Table 6. These indicators have general applicability and can
provide a good starting point for an assessment of sustainability. More recently, SuRF
UK has published a set of descriptors for the indicators (2011), which are helpful in
progressing such assessments.
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Table 6. Indicators for a sustainability assessment of remediation options (SuRF Australia, 2011).

Environmental

Social

Economic

1. impacts on air
2. impacts on soil
3. impacts on
water
4. impacts on
ecology
5. use of natural
resources and
generation of
wastes
6. intrusiveness

1. impacts on human health and
safety
2. ethical and equity
considerations
3. impacts on neighbourhoods or
regions
4. community involvement and
satisfaction
5. compliance with policy
objectives and strategies
6. uncertainty and evidence

1. direct economic costs
and benefits
2. indirect economic
costs and benefits
3. employment and
capital gain
4. induced economic
benefit
5. life-span and ‘project
risks’
6. project flexibility

Applying the concept of sustainable remediation encourages consideration of various
remedial options. However, before considering all of the considerations pertaining to
sustainability, it should be determined whether an option can provide an acceptable
level of risk and, in particular, will be acceptable to the regulatory agencies.
SuRF Australia, in its development of a framework for sustainable remediation has
emphasised that risk is an important determinant, and suggests that reference should
be made to risk-based sustainable remediation. This emphasises that achieving
outcomes with a risk acceptable to stakeholders is a critical element, and caution
should be exercised in attempting to make decisions on the basis of sustainability that
do not specifically consider whether the risk is acceptable. This thinking allows
consideration of the level of risk and can assist in selecting appropriate options for
consideration, and it can be expected that the methods for assessing the risk
associated with in-situ retention of contamination and for assessing sustainability will
complement and inform each other. Because the option of in-situ retention can offer a
low energy and low resource usage solution, it has potential to score highly in this
regard. However, it may have the disadvantage of scoring less favourably with respect
to intergenerational equity and the precautionary principle, and the balance between
such issues will form an important aspect of sustainability considerations. It is clear that
reaching decisions on the basis of risk and sustainability should consider the need for
broader stakeholder consultation and agreement.

6.6 The application of good management principles
As risk in the context of retention of contamination in-situ can depend strongly on the
long term management controls that are put in place, this emphasises the importance
of management in reaching a final site condition that offers an acceptable level of risk.
In Australia a set of 12 principles has been developed and published for the good
management of contamination in water (particularly for drinking water and recycled
water) (e.g. the Australian Drinking Water Guidelines (National Health and Medical
Research Council and Natural Resource Management Ministerial Council, 2011), which
form part of the National Water Quality Management Strategy). These principles of
good management comprise an integration of the principles outlined in Environmental
Management Quality Management (International Organization for Standardization and
International Trade Centre, 2011; 2008), Risk Management (Australian Standard and
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New Zealand Standard for Occupational Health and Safety Management Systems,
2004) and hazard analysis and critical control points (HACCP; a management system
in which risk is assessed at critical points in the product/item life cycle). The good
management principles are:
1.

commitment to environmental management of sites with residual contamination

2.

hazard Identification and risk assessment

3.

preventive strategies for avoiding risk

4.

risk management programs (implementation)

5.

program monitoring (verification)

6.

incident and emergency response

7.

employee awareness and training

8.

stakeholder engagement

9.

research and development

10. documentation and reporting
11. performance evaluation and auditing, and
12. review and continual improvement.
These principles have general applicability and can be applied to the management of
contamination in soil and groundwater. The application of these principles is particularly
appropriate where there are many sites (such as might be managed by a regulatory
agency or large organisation), where generic guidance for management controls is
being set up, or where there are complex containments. These management
considerations, coupled with the conclusions of the previous section relating to
sustainability, emphasise the importance of applying the principles of risk,
sustainability, and management in achieving appropriate outcomes to situations where
contamination remains in-situ on a contaminated site. Clearly these considerations will
be important to stakeholders, and this in turn emphasises the importance of involving
them in decision making processes.

6.7 Other considerations in accepting in-situ retention
An important premise underlying the approach outlined in this report is that human
health and the environment is protected (assuming that containment is maintained).
While the need to protect human health is clear and immediate, it also requires that
the residual contamination does not give rise to effects such as groundwater
contamination, aesthetic effects (such as odour or being visually objectionable),
erosion and migration off site that would adversely affect more sensitive off site
environments, or effects on buildings and structures or heritage values. Such effects
should not occur with the containment in place, nor the containment system should fail
(i.e. there are sufficient controls in place to avoid such impacts and to correct the
situation if the containment system does fail). Consideration also needs to be given to
whether there are regulatory requirements to remove particular types of contamination
(such as NAPL), or whether there are practical limitations in the ability to clean up
contamination and some residual can be accepted (e.g. under the terms of a CUTEP
determination).
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These are particularly important in determining whether in-situ retention of contamination is acceptable, as these considerations can override risk considerations, and may
lead to a mandatory requirement to ensure that contamination does not remain in-situ.
A systematic evaluation based on the CSM should identify such issues, and it will be
important to ensure all such other effects are considered and adequately dealt with.

6.8 Summary of factors that can affect the acceptability of
in-situ retention
In summary, important factors that can affect the acceptability of in-situ retention
include:
•

The level of risk that is acceptable to the various stakeholders, noting that this may
vary with different stakeholders.

•

The way risk communication and community engagement surrounding the
transition of the site to a new use is managed, the degree to which the community
understands the risk and the factors that underlie the risk, the role of perceptions
and misinformation, and the existence of interest groups with other objectives
relating to the proposed development.

•

Specific regulatory requirements to remove certain contamination (e.g. NAPLs).

•

Whether the regulatory regime that is in place for management of wastes will be
applied to in-situ retention of contamination and, in particular, the basis on which
contaminated soil can be accepted and contained in an off-site landfill or long term
containment facility. The requirements and acceptability can depend on whether it
is proposed to allow existing contaminated soil to remain in place; whether it is
proposed that contaminated soil be excavated and contained in an engineered
containment facility on the site; or whether existing contaminated soil is in place
and it is proposed to be subject to some form of in-situ treatment. This is
considered in Section 3 of this report.

•

In the absence of appropriate regulatory criteria for the management and control of
in-situ contamination, environmental agencies may apply regulatory processes and
criteria that are appropriate for other activities (e.g. landfill), to determine the
acceptability of proposed management strategies for particular sites. Such
management strategies need to be reviewed to determine whether they are
appropriate for retention of contaminated soil on-site, because contamination on a
site may be relatively well defined in its form and composition and able to be safely
contained, whereas in the case of a waste landfill the composition and nature of
the wastes may be ill defined and difficult to safely contain.

•

The institutional controls and regulatory machinery available in different Australian
jurisdictions for the longer-term, post-remediation management of contaminated
sites are variable and may not provide for an appropriate level of management in
some jurisdictions.
There is a need to ensure an appropriate balance between clarity and
transparency for future owners, and the possible creation of a perception that the
site poses a greater risk than it actually does (which could reduce financial return
and act as a disincentive for development of sites). It is an essential requirement
that, if contamination does remain on a site, then there be a reliable method of
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notifying future owners and users of the site that the contamination is present, as
necessary.

6.9 Where to from here?
One of the key objectives of this work is to gain consistency in the approach and
outcome to contaminated site problems, and for the outcome to be acceptable to the
various stakeholders. While this work provides descriptors of likelihood and
consequence that have been adopted for a number of sites and these may be
considered to be indicative of what might be accepted, these descriptors and the basis
for assigning risk and its acceptability are not fixed. It is important that there be broader
discussion and debate on the descriptors, the risk matrix that is used to assign the
resulting level of risk, and the acceptability and response that should accompany a
particular level of risk. Various strategies can be adopted to define and gain
acceptance of the descriptors and matrix:
a)

The concepts can be outlined in broad principle, for the industry to apply and for
the regulatory agencies or auditors as relevant to consider and accept on a case
by case basis. This is the approach that has been taken in Victoria in the case of
CUTEP. In due course, as a body of industry practice evolves, guidance can then
be written to reflect and systematise such practices, subject to acceptance by the
regulatory community (see below). This approach would have the advantages that
funding to develop a specific approach would not be required and a wide range of
options would be considered, but it would have the potential disadvantage of giving
rise to inconsistent outcomes at least in the short to medium term, with
considerable uncertainty as to whether the method and outcomes are acceptable.

b)

There can be an active program of consultation with the industry and regulatory
agencies, led by a steering group, with workshops to consider and agree on
descriptors and their application. This might involve, for example, a series of
workshops that consider case examples and the application of the approach.
This has the advantage of maximising the prospect of achieving consistent and
acceptable outcomes across the industry within the short term, but has the
disadvantage of requiring funds or at least a supporting organisation. Critical for
the success in this would be willingness from various stakeholders to participate in
the program and to support it.

c)

The matter can be referred to regulatory agencies for consideration and should
they be comfortable with the approach, they can develop guidance either on an
individual regulatory agency basis or as a combined group. This has the
advantage of maximising acceptance by regulatory agencies of the outcomes, but
has the disadvantage that the necessary funds and support might not be
forthcoming, and the methodology may not be available to industry in the short or
possibly medium term.

In terms of maximising the certainty of developing guidance that is helpful to the
industry on the issue of determining the acceptability of in-situ retention, option (b) is
preferred, but does require funds to be made available to carry out the work. In
practice, as indicated above, this might involve the formation of a steering group and
the convening of a series of workshops with industry and other relevant stakeholders
whereby the risk descriptors are applied to specific scenarios and case examples. This
would generate a forum for discussion on the applicability and practicality of the
descriptors, with opportunity for tailoring of the descriptors where this is considered
CRC CARE Technical Report 16
Safe on-site retention of contaminants Part 2: A risk-based approach

53

necessary. The inclusion of relevant guidance in the proposed National Remediation
Framework offers a way forward.
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7. Illustrative examples
7.1 Introduction
In order to illustrate the issues involved in in-situ containment, several case examples
are presented. These case examples draw on the experiences from actual sites where
the risk-based framework and assessment approach outlined in the preceding sections
has been adopted to assist in reaching a conclusion as to whether the outcome is likely
to be acceptable or not and, if not, what needs to be done to reduce the risk to an
acceptable level. The information relating to each example has been selected and
presented in a way that illustrates issues relevant to the approach proposed in this
report, and does not necessarily reflect the conclusions that have been reached for the
particular sites where the approach has been used.

7.2 Gasworks site – In-situ retention of contaminated soil and
groundwater
For the purposes of this case example it is assumed that a former gas manufacturing
works is in use as a park, and it is desired to assess the residual contamination to
ensure that it will not pose an unacceptable risk if the existing use continues. This
situation is not uncommon in Australia.
It is assumed that the site was partially remediated, but some residual contamination
from the gas manufacturing operation was allowed to remain. The open areas of the
site were covered with paving and grass and were being used for parkland recreational
purposes. There were some old buildings associated with the gas manufacturing
operations that remained on the site, and these are in use for various commercial
purposes such as a gasworks park museum.
It is assumed that the assessment approach used in this case example has included:
•

The identification of beneficial uses that require protection; and

•

The assessment of risk to these beneficial uses, and the suggested measures that
are indicated to reduce the risk.

This resulted in the identification of a large number of exposure pathways that could
give rise to risk. Many of the risks were ‘low’, and some were ‘medium’. None were
‘high’. An illustration of how a detailed identification of exposure scenarios can be
carried out is included in Appendix A. This approach includes flowcharts to identify
exposure scenarios, and a table of corresponding risks.
A brief summary of the findings relating only to the scenarios that might typically be
assessed as a ‘medium’ risk in such a situation is provided in Table 7 for the on-site
risks, and in Table 8 for the off-site risks. In this case example, it is assumed that the
contamination has been in place for many years and has not resulted in adverse
effects, although some areas of improvement are noted. In this case, example risks
that are ‘low’ could include, for example, risks to receiving waters if the receiving
waters are distant from the site and monitoring shows that the concentrations will be
well below the guidelines for ecosystem protection at the point of discharge.

CRC CARE Technical Report 16
Safe on-site retention of contaminants Part 2: A risk-based approach

55

Table 7.

Gasworks site: Summary of findings relating to scenarios that might typically be assessed as ‘medium’ risk (on-site risks)

Beneficial
use –
Receptor

Limiting
contaminants

Existing risk treatment and/or
management measures

Commentary

Likelihood,
consequence, risk

Suggested measures to
reduce the risk to a low
level

Pathway: Diffusion of gases into onsite buildings arising from onsite contamination (i.e. soil, groundwater, NAPL)
Land (on
site): Human
health (park
users,
workers in
buildings),
aesthetics

Phenol, ethyl
benzene,
toluene, xylene
NAPL such as
coal tars and
oils containing
PAHs, BTEX,
phenols
VOCs and
SVOCs

The existing Contamination
management plan (CMP) specifies
that potential vapour exposure within
buildings be minimised through the
continual use of air conditioning
systems and adequate ventilation,
and that time spent in poorly
ventilated locations be minimised
pending further measurements.
Uncertainty:
The presence of NAPL and the
associated volatiles on the site
remains an area of uncertainty. It is
expected that NAPL will be present
in some areas but its extent and
whether NAPL has migrated beyond
the site boundary remains uncertain.

Soil gas bores were installed and there
was a single round of gas sampling of
these bores. There was a single round of
sampling of the air in buildings at four
locations on the site. The gases were
analysed for VOCs, SVOCs and CN. Of
these, phenol, ethylbenzene, toluene and
xylenes were identified to be chemicals of
potential concern. Assessment of the
measured concentrations indicated that
the vapours do not pose an unacceptable
risk to workers and residents on the site.
There was uncertainty regarding the work:
there was only one round of sampling and
the representativeness of the results can
be questioned.

Likelihood: Possible
Consequence:
Medium (there can
be a significant
exceedence of
investigation
thresholds but
nevertheless a low
potential for
observable effect
over lifetime on
human health).
Risk: Medium

Pathway: Diffusion of gases into excavations arising from onsite contamination (i.e. soil, groundwater, NAPL)
Land (on
site): Human
health
(workers
undertaking
sub-surface
works)

VOCs and
SVOCs

The existing CMP specifies
measures to control on-site works
and to protect workers.

The soil gas study did not explicitly
address risks to subsurface workers,
however tar residues and odours were
observed in fill in some locations and soil
gas bores detected a number of VOCs
and SVOCs, and it appears likely that
these can be present in deeper
excavations that might be undertaken.
There is uncertainty as to whether the
Plan is well executed and all staff are
aware of it.

Likelihood: Possible
Consequence:
Medium (there can
be a significant
exceedence of
investigation
thresholds but
nevertheless a low
potential for
observable effect
over lifetime on
human health).
Risk: Medium
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Further assess soil gas
and the potential for
vapour intrusion into
buildings, and provide for
additional controls or
remediation if necessary.

Beneficial
use –
Receptor

Limiting
contaminants

Existing risk treatment and/or
management measures

Commentary

Likelihood,
consequence, risk

Suggested measures to
reduce the risk to a low
level

Likelihood: Possible

Further assess the
surface contamination,
improve the existing
capping, and improve
the existing management plan, as
necessary.

Pathway - Direct contact as well as possible ingestion of contaminated soil
Land (on
site): Human
health (park
users,
workers in
buildings,
workers
undertaking
sub-surface
works)

PAHs, TPHs,
benzene,
cyanide

The CMP requires that the
separation layer be maintained over
the non-building areas of the site.
The Plan recommends that workers
or people who spend more than two
days/week at the site be briefed by
the health and safety coordinator
regarding site issues, including the
need to minimise exposure to soils
and adopt standard hygiene
practices.

The observations regarding the
contamination in fill at the site suggest that
the contamination does not pose an
unacceptable risk to human health,
providing controls are put in place to
reduce exposure to the soil and promote
safety for maintenance workers.
In the longer term, a more robust
management system will need to be
implemented.

The plan does not explicitly deal with
intrusive works greater than 0.3 m
bgl and requires that a task-specific
contamination management plan be
prepared.

Consequence:
Medium (there can be
a significant
exceedence of
investigation
thresholds but
nevertheless a low
potential for
observable effect over
lifetime on human
health).
Risk: Medium

Pathway - Onsite extraction of contaminated groundwater onsite
Groundwater
(on site):
Agriculture,
parks and
gardens
(irrigation)

TDS, boron,
arsenic,
manganese

The CMP does not address
groundwater use on site, but
extractive use of groundwater at the
site is not allowed by council.

Contaminant concentrations in the shallow
aquifer were noted to be up to 100x
greater than irrigation guidelines in some
instances. Use of the groundwater for
garden watering and recreational use
(swimming pool make up) is possible.
Potable use is considered to be
‘improbable’.
There is no data on the deeper
groundwater, and for initial purposes it is
assumed that the risk associated with
contamination is similar to that for the
shallow groundwater.
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Likelihood: Possible
Consequence:
Medium (there is an
adverse effect on
plants but it is
localised and not
significant with respect
to threatened or
endangered species).
Risk: Medium

Improve the existing
management plan to
specifically exclude use
of groundwater on-site.

Table 8. Gasworks site: Typical examples of off-site ‘medium’ risk scenarios.
Note: The pathway referred to in this table is offsite extraction of contaminated groundwater that has arisen from onsite contamination.
Beneficial
use –
Receptor

Limiting
contaminants

Existing risk treatment and/or
management measures

Commentary

Likelihood
consequence
risk

Suggested measures to
reduce the risk

Groundwater
(off-site):
Potable
water use

TDS, ammonia,
Ni, Mn, sulfate

Deep sewers close to the site boundary
intercept groundwater flow from the site
to beneath residential areas in most
areas outside the site, but not in all
areas. It is understood that there are no
plans to change the sewerage system
so that interception would not occur
(e.g. through rehabilitation of the
sewers).

Groundwater contaminant
concentrations off site exceed the
potable water guideline concentrations
for ammonia (aesthetics), As, Ni, Mn,
sulfate (health and aesthetics).
Ammonia concentrations in particular,
are orders of magnitude above the
potable use aesthetic guidelines (i.e. in
the wells immediately adjacent to the
eastern and north eastern boundaries
of the site).

Likelihood: Unlikely

Consider options of
improving the capture
of groundwater
contamination leaving
the site, and treatment
or control of the
source.

NAPL such as
coal tars and oils
containing
PAHs, BTEX,
phenols

There are no known groundwater
extraction wells in the vicinity of the site.
The area is understood to not be within
a declared Groundwater Quality
Restricted Use Zone.
Potable use of groundwater by
residents is very unlikely, but it is
possible that groundwater could be
used for garden watering or filling of
swimming pools. Delineation of
elevated concentrations in offsite areas
is an area of uncertainty.

An ammonia plume extends off site
beneath the residential area, and is
associated with elevated salinity, and
increases in sulfate, BTEX, CN and
ammonia.

It would be possible for use to be
controlled by the bore licensing
Authority if advised/consulted by the
responsible Authority (e.g. EPA).
The likely low yield of the aquifer could
be a restriction on the use of
groundwater.
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Consequence: Minor
(There is a detectable
effect (taste and
odour) but it will not
give rise to health
effects.
Risk: Low

Take measures to
ensure that
inappropriate use of
groundwater does not
take place.

Beneficial
Use Receptor

Limiting
Contaminants

Groundwater
(off-site):
Agriculture,
parks and
gardens
(garden
watering)

TDS

Existing Risk Treatment and/or
Management Measures

Commentary

Likelihood
Consequence
Risk

There is a TDS plume with
concentrations up to 3,600 mg/L off
site, and above the desirable
concentrations for watering of gardens.
B and Mn are elevated and can also
exceed guideline levels for garden
watering.

Likelihood: Possible

It has been assumed that there is
potential for groundwater to be used
for garden watering, as there are no
explicit controls preventing use in this
area.
Groundwater
(off-site):
Primary
contact
recreation
(e.g. filling
swimming
pools)

Ammonia
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It is assumed that groundwater could
be used by residents for makeup of
swimming pools.
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Consequence:
Medium (there is an
adverse effect on
plants but it is
localised and not
significant with respect
to threatened or
endangered species).
Risk: Medium

Likelihood: Possible
Consequence:
Medium (the presence
of ammonia in
groundwater is
observed and is
unacceptable and
results in major
remedial works).
Risk: Medium

Suggested Measures to
reduce the Risk

Risks of emissions of volatiles to park users could also be low, as the rate of volatile
emission to ambient air will be low and dispersion and dilution will usually result in
concentrations of contaminants in air that are far less than the criteria for protection of
human health. In particular, this case example and the information in Appendix A
illustrate:
•

How a systematic assessment identifying the relevant beneficial uses and the
source-pathway-receptor linkages that can give rise to effect can be helpful in
understanding how risk can arise, the multiplicity of risk scenarios that are
possible, and the level of detail and supporting documentation that is required to
reach even a preliminary conclusion on the level of risk.

•

How the assessment of risk includes consideration of uncertainty (i.e. where
information is not available or does not provide for certainty), and how this can be
factored in to the assessment of risk.

•

How the estimates of risk can be used to set priorities for further investigative and
assessment work to reduce uncertainty, and to indicate where further improvement
in controls or treatment are required to reduce the risk to an acceptable level.

7.3 Petroleum industry site – In-situ retention of NAPL on-site
and off-site
For the purposes of this case example it is assumed that NAPL is present on
groundwater on site and off site. It is assumed that the site is still operating, and the
NAPL has resulted from past operations some decades previously. A groundwater
hydraulic containment system comprising a series of extraction wells has been installed
to contain the NAPL to the site. Some NAPL migrated from the site before the system
had been installed, and the NAPL remains on groundwater under the shoreline of a
river located downstream from the site. For the purposes of this example it is assumed
that detailed investigations and an assessment of risk show that:
•

The containment system is effective at containing the NAPL. There is potential for
some dissolved phase hydrocarbon contamination to bypass the containment
system at low concentration. The assessment of risk concludes that the NAPL and
dissolved phase contamination on the site and potentially migrating from the site
poses a low risk to human health and the environment off site.

•

The NAPL close to the river shoreline is stable and there are no visible discharges
at the shoreline. Ecological investigations have been carried out and conclude that
the residual NAPL and resulting dissolved phase contamination pose a ‘low’ risk to
the ecosystems of the shoreline and the river. Investigations carried out to
characterise the potential for recreational activities to result in exposure to the
residual NAPL indicate that it is possible although unlikely that exposure will occur
through digging at the shoreline, and the level of the consequence of exposure can
be considered to constitute a ‘medium’ level severity. It can be concluded that the
residual NAPL on the shoreline constitutes a ‘medium’ risk to human health.

A response to this assessment can be to consider the situation that constitutes a
‘medium’ level risk (i.e. the historic NAPL on the shoreline) in more detail to determine
how the risk might be reduced, preferably to a ‘low’ level.

CRC CARE Technical Report 16
Safe on-site retention of contaminants Part 2: A risk-based approach

60

In this case various options can be considered; these include for example: removing
the source (i.e. to excavate and rehabilitate the shoreline); providing a barrier (e.g.
capping system); controlling receptor access (e.g. preventing access (e.g. by a fence));
reducing the likelihood and severity of exposure by warning signage; improving
administrative controls (such as instituting appropriate procedures, notification to
organisations that might carry out such work, dial before you dig). These various
options seek to reduce the likelihood of exposure, or the severity of exposure.

Table 9. Petroleum site: Typical examples of off-site ‘medium’ risk scenarios

Source

Pathway

Receptor

Impact

Likelihood

Consequence

Risk

NAPL

Historic
(already
present
close to the
shoreline)

Subsurface
workers
carrying out
works
related to
services

Human
health

Unlikely

Medium (control fails and
vapour concentration is
greater than the Exposure
Standard; there is potential
for short term exposure
greater than Worksafe
exposure standards, but
this is unlikely to give rise
to serious health effects).

Medium

NAPL

Historic
(already
present
close to the
shoreline)

Shoreline
ecosystems

Ecosystems

Unlikely

Minor (possibly some effect
but this will be localised
and within the natural range
of variation).

Low

NAPL

Historic
(already
present
close to the
shoreline)

Persons on
shore-line
(recreation)

Human
health

Unlikely

Medium (exposure could
result in an immediate
effect but unlikely to give
rise to a long term effect on
human health).

Medium

Deciding on which option would be finally adopted requires consideration of whether
options are acceptable to the various stakeholders, the level of benefit, and the level of
effect (e.g. excavation might give rise to an unacceptable impact on the shoreline
ecosystems). This involves balancing a number of factors, and introduces the notion of
‘sustainability’ and ‘sustainable remediation’ and achieving a balance between the
benefits of remediation and management, vs. the effects of remediation and
management.

7.4 Landfill site – In-situ retention of wastes and the generation of
methane
For the purposes of this case example it is assumed that a landfill is actively generating
landfill gas with a high percentage of methane, and this gas poses a risk to beneficial
uses. This is a common situation, and has become topical in Victoria through an
incident involving the migration of landfill gas to a residential area. In this case example
it is assumed that:
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•

An assessment has been carried out involving a review of the history and design of
the landfill, the performance of an existing gas extraction system, the monitoring
results from an existing gas monitoring well network, and the results of additional
soil gas measurements.

•

A conceptual model for landfill gas impacts has been developed that describes the
source-pathway-receptor linkages. In the case of landfill gas, the key issues are
the risks to human health (asphyxiation, explosive atmospheres in confined
spaces), and risks to plants and trees.

•

The risk associated with landfill gas has been assessed following the approach
outlined in Sections 5 and 7.2 of this report, although in this case example it is
assumed that the assessment focused on the risks that landfill gas resulting from
the landfill source posed to activities on the landfill, and to persons and the
environment in the area surrounding the landfill. This approach provides a
systematic identification of the receptors and risks along each boundary of the
landfill, and on the landfill itself.

Applying this approach to the identification of pathways and receptors and the relevant
beneficial uses is helpful in understanding how risk can arise, the multiplicity of risk
scenarios that are possible, and the level of detail and supporting documentation that is
required to reach a determination of the level of risk. It can include consideration of
uncertainty (i.e. where information is not available or does not provide for certainty),
which in this type of situation can be an important limitation on the findings.
Because landfill gas and methane in particular is the contaminant of concern, the
concentration of methane in gas is the measure used to indicate the consequence of
exposure (i.e. potential for explosive atmospheres or asphyxiation to occur), and the
assignment of likelihood is based on the likelihood that methane would be present (i.e.
from the monitoring results or other observations), the potential for subsurface conduits
(such as pipelines) to be present, and the existence and proximity of sensitive
receptors (such as buildings).
In this example it is assumed that the assessment has identified a considerable
number of medium – high risk scenarios, and a range of actions can then be
recommended to reduce uncertainty and the risk. Where the risk is ‘high’, action should
be undertaken to achieve control, and this should involve senior management.

7.5 Other case examples
Other situations have been assessed during the course of this project using the
methods outlined; these have included, by way of example:
Development site
In-situ retention of fill contaminated with PAHs (benzo(a)pyrene) under buildings and
paving. A quantitative risk assessment of the contaminants showed that vapour
intrusion (e.g. from naphthalene and benzene) was not of concern, and a groundwater
investigation showed that the contamination does not affect the beneficial uses of
groundwater. In this case the limiting factor was the reliability of management controls
that will ensure that the fill will remain contained under the buildings and paving,
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sufficient to reduce the likelihood of exposure at some time in the future to ‘improbable’
(theoretically possible but not expected to occur; have never heard of this occurring) or
‘unlikely’ (i.e. circumstances are such that it is unlikely that failure of the containment
would occur, even in the long-term).
In this case it was seen that ‘unlikely’ is the ranking that would attach to administrative
controls that depend on body corporate and council controls, with a ‘medium’ level of
consequence, resulting in a ‘medium’ risk and requiring careful consideration of the
long term reliability of the controls if the situation is to be accepted.
Landfill sites
In-situ retention of wastes and effect on groundwater quality. In Victoria it is common
for the regulatory agency to require an assessment of the risk to beneficial uses, in
particular the potential for a landfill to give rise to groundwater contamination by
leachate which will affect the beneficial uses of the groundwater, and also for landfill
gas to migrate from the site and affect receptors in the vicinity of the landfill. In most
cases the use of groundwater is restricted to irrigation and garden watering, and the
contamination is minor and unlikely to give rise to a deleterious effect on plants. In such
situations the risk may be determined to be ‘low’. If it is possible that the groundwater
might be used for potable purposes (such as may occur in some rural settings), the risk
may be ‘medium’.
Quarry sites
In-situ retention of wastes and use for mixed residential and commercial use. This is a
not uncommon situation, and assuming the geotechnical issues relating to differential
settlement can be overcome, the nature of the fill is such that volatiles gases are not of
concern, the residual material is above the groundwater table and leaching is not of
concern, and the final capping is sufficiently thick (e.g. greater than 3 m), the risk may
be low.
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Table 10. Landfill site: Typical risks associated with landfill gas.

Boundary

Pathway

Receptor

Impact

Likelihood

Consequence

Risk

Observations relevant to assigning risk

East

Subsurface migration
through ground or service
pipelines/ducts

Subsurface workers

Human
health

Possible

Medium

Medium

Subsurface migration
through ground or service
pipelines/ducts

Trees and other
vegetation

Health
of other
forms of
life

Likely

Medium

High

Subsurface migration
through ground or service
pipelines/ducts

Workers at nearby
commercial and
industrial premises

Human
health

Possible

Severe

High

Monitoring results indicate high
concentration methane in the subsurface.
There are observations of gas bubbling and
gas escape. Stressed vegetation has been
observed within the landfill boundary. There
is an underground gas pipeline that may act
as a conduit for methane; however, it would
be difficult to determine if methane had
migrated along the pipeline or had leaked
from the pipeline.

Subsurface migration
through ground or service
pipelines/ducts

Local residents

Human
health

Unlikely

Severe

Medium

Indirect release through
subsurface migration or
dissolution in leachate

Subsurface workers

Human
health

Unlikely

Severe

Indirect release through
subsurface migration or
dissolution in leachate

Flora and fauna

Health
of other
forms of
life

Unlikely

Medium

Indirect release through
subsurface migration or
dissolution in leachate

Workers at nearby
commercial and
industrial premises

Human
health

Unlikely

Severe

West
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Monitoring results indicate low
concentrations of methane in the
subsurface.

Boundary

Pathway

Receptor

Impact

Likelihood

Direct release to air

Workers or visitors
within buildings or
enclosed spaces
on the landfill site

Human
Health

Possible

Consequence

Risk

Observations relevant to assigning risk

Onsite Risks
N/A

Severe

High

Filled areas have not been capped and the
landfill gas collection system does not cover
the entire site.
If the landfill operator is aware of the issue
and the building has a ventilated subfloor
(such as occur with construction huts) then
the likelihood of gas being present at high
concentration in the building would be
unlikely, and the risk would be reduced to
‘medium’.

N/A

Direct release to air

Persons living in a
house located on
the site

Human
Health

Possible

Severe

High

Measurements taken within the house have
not indicated there is cause for concern, but
monitoring has not been continuous.

N/A

Sub-surface migration
through the ground or
service ducts and/or
pipelines

Workers engaged
in maintenance or
construction of
underground
services or working
within confined
spaces.

Human
Health

Unlikely

Severe

Medium

If working in confined spaces is required,
explosive or asphyxiating gases might be
encountered; however, work procedures will
reduce the likelihood of effects.
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8. Conclusion
Key conclusions of the study are:
a) Allowing contamination to remain on sites is allowed under Australian regulatory
guidance, and is already commonly practised. However, the basis for making
decisions on whether it is acceptable to allow contamination to remain is not
defined, and is generally made on the basis of expert judgement. There need to
be principles and guidance on this matter.
b) There is information in the US (Standard guide for use of activity and use
limitations, including institutional and engineering controls (American Society for
Testing and Materials International, 2011) and Standard guide for application of
engineering controls to facilitate use or redevelopment of chemical-affected
properties (American Society for Testing and Materials International, 2010)) on
the application of institutional and engineering controls on contamination that
remains on site, and this guidance is helpful in identifying options and the
requirements for their practical application.
c) The use of risk assessment as defined in Risk management – Principles and
guidelines (Australian Standard and New Zealand Standard for Occupational
Health and Safety Management Systems, 2009) can be useful in assisting
decision making regarding the acceptability or otherwise of retention of
contamination on site.
d) There needs to be further discussion and consideration as to the basis for
assigning likelihood, severity and risk. A set of descriptors and a risk matrix to
assign risk in terms of likelihood and consequence has been provided.
Assigning a level of consequence requires knowledge about the nature of the
contamination involved and the effects that will result if the containment is not
maintained. Assigning a level for likelihood requires knowledge about
uncertainty and the level of understanding of the situation, and the possibility
that the containment might not be maintained in the future. While quantitative
measures of these indicators will usually not be able to be determined, it is
possible to assign measures on the basis of judgement by persons experienced
in the field. Although this in itself is not without uncertainty, the requirement to
consider likelihood and severity and from this to determine the level of risk can
be helpful in understanding the level of risk that is involved.
e) Stakeholders who may be affected by the remediation need to be consulted. If
this requires community engagement, the engagement needs to be managed
carefully and reference made to published guidance (e.g. Heath et al. 2010).
f)

The allocation of risk needs to be considered; i.e. who bears the risk (this might
include, for example, the site owner, the future owner, the auditor, council, or
the regulatory agency).

g) The use of the results of the risk assessment to reach a decision as to whether
the in-situ retention of contamination is acceptable or not has been discussed
and it is concluded that this is dependent on the specific situation and
regulatory requirements. As long as the regulatory requirements for protection
of human health and the environment are complied with, it would seem that
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risks that are ‘low’ are likely to be acceptable, and risks that are ‘high’ are
unlikely to be acceptable. Risks that are ‘medium’ will require careful
consideration of the available controls and their reliability, and the severity of
the situation that would result if the controls are inadequate and a release or
exposure occurs. It is possible that provision of monitoring with an appropriate
response if problems arise might make the situation acceptable.
h) Whether retention of contamination in-situ is acceptable needs to include
consideration of factors other than risk; these include, for example, regulatory
requirements to remove particular types of contamination (e.g. NAPL), and to
avoid situations where the material forms an ongoing source of groundwater
contamination unless this is allowed under regulatory provisions such as
CUTEP.
i)

The acceptability of retention of contamination in-situ can depend strongly on
the effectiveness of the long term management controls, and the principles that
have been developed for the good management of contamination in drinking
water and recycled water under the Australian National Water Quality
Management Strategy (Environment Protection and Heritage Council, Natural
Resource Management Ministerial Council and the National Health and Medical
Research Council) can be applied to the management of residual contamination
on contaminated sites, particularly where many sites or complex containments
are involved.

j)

Sustainable remediation is a concept that is being debated in Australia, and the
principles of sustainable remediation have relevance when considering options
that involve retention of contamination in-situ on contaminated sites.

k) At the time of finalisation of this report a national remediation framework is
being developed by CRC CARE with input by representatives of regulatory
agencies and industry. This work can be expected to develop principles and
guidance that can assist in reaching a decision as to the situations in which
contamination may remain contained on sites.
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APPENDIX A.
Gasworks Park – Case example
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FLOWCHART 1: Exposure pathway analysis – Land segment, on-site receptors
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Modified

Natural

Park users

Residents

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

Subsurface

Ecosystems

Surface

Release/transfer

Land beneficial uses

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Child

Source

Adult

KEY

FLOWCHART 2: Exposure pathway analysis – Groundwater, on-site receptors

Extraction
G

Shallow
groundwater

Direct contact
H

Leaching/
infiltration/
percolation

E
C

Discharge
I

Historical
activities

A

Contaminated
soil

B

Extraction
J
Leaching/
infiltration/
percolation
D

Deep
groundwater

Direct contact
K
F

Discharge
L

Buildings & structures

Primary contact recreation

Industrial water use

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Stock watering

Medium

Agriculture, parks & gardens

Release/transfer

Maintenance of ecosystems

Source

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Potable water supply

Groundwater beneficial uses

KEY

FLOWCHART 3: Exposure pathway analysis – Groundwater segment, off-site (near the site)

Leaching/
infiltration/
percolation

G

K

Extraction

E
P
C

Historical
activities

Contaminated
soil

Direct contact
Q

A

B
Deep
groundwater

Leaching/
infiltration/
percolation

Discharge
Off-site deep
groundwater

Transfer

R
D

F

H

L
Refer Flowchart 5 for
offsite land BUs
Sewer
Refer Flowchart 4
for BU for Receiving
Water

Buildings & structures

Primary contact recreation

Industrial water use

Stock watering

Off-site
shallow
groundwater

Transfer

Agriculture, parks & gardens

Shallow
groundwater

Potable mineral water supply

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Potable
water supply

Medium

Groundwater beneficial uses

Acceptable

Release/transfer

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Desirable

Source

Maintenance of ecosystems

KEY

FLOWCHART 4: Exposure pathway analysis – Groundwater and surface water segment, off-site receptors (far from the site)

A

Extraction/
direct contact
N

Contaminated
soil

Shallow
groundwater

B

Transfer

H

Off-site
shallow
groundwater
K

Discharge
off-site

Off-site water
bodies
O

S

E
Leaching/
infiltration/
percolation

Discharge

Sewer
C
L

Deep
groundwater

P

Off-site water
bodies, i.e.
wastewater
treatment plant
T

F
Extraction/
direct contact
Q
Off-site deep
groundwater

Transfer

Discharge
I

M
R

Stormwater
drainage

Runoff
D

Off-site water
bodies

Discharge
G

J
U

Effluent from the treatment plant is discharged to receiving water.

Buildings & structures

Primary contact recreation

Industrial water use

Stock watering

Agriculture, parks & gardens

Potable mineral water supply

Acceptable

Potable
water
supply
Desirable

Industrial water use

Navigation & shipping

Commercial and recreatioanl use
of edible fish & crustacea

Aquaculture

Historical
activities

Water-based
recreation

Normal population

Natural

Maintenance of aquatic
ecosystems and
associated wildlife

Groundwater

Production of
molluscs for
human
consumption
Aesthetic enjoyment

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

Secondary contact

Note: Drains include former
effluent drains and
stormwater drains

Primary contact

Release/transfer

Beneficial uses – offsite receptors
Surface water

Highly modified

Source

*From ALL Port Phillip Bay
end points

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Substantially modified

KEY

FLOWCHART 5: Exposure pathway analysis – Land segment, off-site receptors (near the site)
Land beneficial uses

K

Historical
activities
Diffusion into
residential homes

A

L
Off-site
shallow
groundwater

Volatile
emission

Soil gas
Diffusion into
ambient air

Leaching/
infiltration/
percolation

M

I

D
B

G

Diffusion into plant
root zones
N
Transfer

C

E
Sewer

Dermal contact/
direct contact
O

Shallow
groundwater

J
Discharge

F

Volatile emission
H

P

Food production

Aesthetics

Workers
Buildings & structures

General
public

Subsurface

Highly modified

Natural
Diffusion into
buildings and
structures

Modified

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

Contaminated
soil

Human health

Residents

Ecosystems

Surface

Release/transfer

Child

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Source

Adult

KEY

FLOWCHART 6: Exposure pathway analysis – NAPL, land segment, on-site receptors

Ecosystems

Human health

Diffusion into
buildings and
structures

K

Diffusion into
residential homes
L
Historical
activities
A
Diffusion into
excavations
M
Volatile
emission
NAPL
on-site

Diffusion into
ambient air

Soil gas
C

N

F

B
Diffusion into plant
root zones
O
Dermal contact/
direct contact
G
Direct
contact
Ingestion
H

D
Surface
contamination/
waste

I

Root zones
Plant/produce
E

J

Food production

Aesthetics

Buildings & structures

Residents

Workers

Subsurface

Child

Park users

Surface

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Natural

Medium

Land beneficial uses

Adult

Release/transfer

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Highly modified

Source

Modified

KEY

FLOWCHART 7: Exposure pathway analysis – NAPL, groundwater segment, onsite receptors

Extraction
H
Shallow
groundwater
E

Dissolution into
shallow groundwater

Discharge
I
C

Historical activities

NAPL on-site

Direct contact
F

A

B

Dissolution into deep
groundwater

Extraction

D

J

Deep
groundwater

G
Discharge
K

Buildings & structures

Primary contact recreation

Industrial water use

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Stock watering

Medium

Groundwater beneficial uses

Agriculture, parks & gardens

Release/transfer

Beneficial use is nominated
by SEPP - the beneficial
use is not likely to be
realised.

Potable water supply

Source

Maintenance of ecosystems

KEY

FLOWCHART 8: Exposure pathway analysis – NAPL, land segment, off-site receptors (near to site)

Diffusion into
residential homes

Historical
activities

Diffusion into
excavations
A

Volatile
emission

Off-site
groundwater

J

K

L

Soil gas
Diffusion into
ambient air

D
F

I

M

NAPL
on-site
Lateral/vertical
NAPL migration
through aquifer

Diffusion into plant
root zones

C
Dermal contact
G
Sewer
Volatile emission
E

H

N

Food production

Aesthetics

Workers
Buildings & structures

General
public

Subsurface

Highly modified

Diffusion into
buildings and
structures

Modified

Natural

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

B

Human health

Residents

Ecosystems

Surface

Release/transfer

Land beneficial sses

Beneficial use is nominated
by SEPP - the beneficial
use is not likely to be
realised.

Child

Source

Adult

KEY

FLOWCHART 9 - Exposure pathway analysis – NAPL, groundwater segment, off-site receptors (near to the site)

Groundwater beneficial uses

Extraction
J

Shallow aquifer
Lateral NAPL
migration through
aquifer

F
Direct contact
K
C
Shallow
groundwater

Discharge
L
G

Historical
activities

A

NAPL on-site

Dissolution into
groundwater

D

B

Deep
groundwater
H

Extraction

Vertical NAPL
migration through
aquifer

M
\
Direct contact

E

N

Deep
aquifer
Discharge
I

O

Buildings & structures

Primary contact recreation

Industrial water use

Stock watering

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

Agriculture, parks & gardens

Release/transfer

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Potable water supply

Source

Maintenance of ecosystems

KEY

FLOWCHART 10: Exposure pathway analysis – NAPL, groundwater and surface water segment, off-site receptors (far from the site)

A

Extraction/
direct contact
N

NAPL
on-site

Shallow
groundwater

B

Transfer

H

Off-site
shallow
groundwater
K

Discharge
off-site

Off-site water
bodies
O

S

E
Leaching/
infiltration/
percolation

Discharge

Sewer
C
L

Deep
groundwater

P

Off-site water
bodies, i.e.
wastewater
treatment plant
T

F
Extraction/
direct contact
Q
Off-site deep
groundwater

Transfer

Discharge

I

M
R

Stormwater
drainage

Runoff
D

Off-site water
bodies

Discharge
G

J
U

Effluent from the treatment plant is discharged to receiving water.

Buildings & structures

Primary contact recreation

Industrial water use

Agriculture, parks & gardens

Potable mineral water supply

Acceptable

Potable
water
supply
Desirable

Industrial water use

Navigation & shipping

Aquaculture

Aesthetic enjoyment

Secondary contact

Natural

Historical
activities

Water-based
recreation

Normal population

Maintenance of aquatic
ecosystems and
associated wildlife

Beneficial use is nominated
by SEPP - the use is either
existing or likely to be
realised, i.e. potential use.

Medium

Groundwater

Production of
molluscs for
human
consumption

Commercial and recreatioanl use
of edible fish & crustacea

Surface Water

Stock watering

*From ALL Port Phillip
Bay end points

Primary contact

Release/transfer

Beneficial uses – Off-site receptors

Beneficial use is
nominated by SEPP - the
beneficial use is not likely
to be realised.

Highly modified

Source

Substantially modified

KEY

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

Flowchart 1

GASWORKS SITE, Land segment: On-site beneficial uses

1ABCGLMN

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into buildings &
structures

1ABCGLMO

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into residential
homes

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

Human health:
Park users –
adult

phenol, ethylbenzene, 2
toluene, xylene

D

Medium

Controls as per site management Vapour risk assessment (VRA) involved sampling the air
plan (SMP) – Potential vapour
in buildings at four locations on the site. It was tested for
exposure within the buildings to be colatile organic compounds (VOCs), semi-volatile organic
minimised through the continual compounds (SVOCs) and cyanide. Four chemicals of
interest (COIs) were identified, these being phenol,
use of air conditioning systems
ethylbenzene, toluene and xylenes.
and adequate ventilation. Time
spent in poorly ventilated locations The risk assessment of the COIs detected in indoor air
used the highest concentrations of each chemical
should be minimised pending
measured at any of the indoor monitoring locations.
further measurements and
Based on the data collected for the indoor air vapour risk
recommendations.
assessment, it was concluded that the gasworks waste
on the site did not appear to be posing vapour risks to
workers and residents on the site.

Uncertainty about the representativeness of the study
(the VRA used measurement data collected from soil
gas bores (sampled on one occasion) and indoor air
(also sampled on one occasion). Although the
sampling design tried to collect data that would result
in conservative estimates of risk (i.e. targeting areas
closest to potential sources), without time-series data it
cannot be determined whether the sampling program
actually captured vapour concentrations at the high
end of the range for the site; nor can it be determined
what future vapour risks may be for the site. Therefore,
the VRA can only be considered a point-in-time
assessment only. Uncertainty regarding the robustness
of the ventilation systems i.e. could they shut off?

Human health:
Park users –
child

As above

2

D

Medium

As above.

As above.

As above.

Human health:
Workers –
surface

phenol, ethylbenzene, 2
toluene, xylene

D

Medium

Controls as per SMP – Potential
vapour exposure within the
buildings to be minimised through
the use of air conditioning
systems and adequate ventilation.
Time spent in poorly ventilated
locations should be minimised
pending further measurements
and recommendations.

VRA – In addition to the above information, it is noted that Uncertainty of vapour ingress at other buildings on the
site.
sampling was undertaken on a Monday morning to be
conservative as it was considered that any vapours inside
the buildings may be at higher concentrations after the
buildings were closed/less frequently used over the
weekend.

Aesthetics

VOCs and SVOCs

2

D

Medium

Not explicitly addressed in the
SMP, but odours can be expected
to be managed by use of the
ventilation systems.

As above.
No reports of objectionable odours within buildings,
however the contaminants of concern at the site are
known to be odorous. Odours have been observed during
the soil and groundwater investigations and noted on
logs.

Human health:
Residents

phenol, ethyl
benzene, toluene,
xylene

2

D

Medium

SMP states that potential vapour
exposure within the buildings
should be minimised through the
continual use of air conditioning
systems and adequate ventilation.
Time spent in poorly ventilated
locations should be minimised
pending further measurements
and recommendations.

VRA – Four non-carcinogenic COIs were detected within
some of the four buildings sampled at the site. Two of the
sampling locations were within the site. A QRA based on
the highest concentrations concluded that there did not
appear to be a risk to workers or residents.

Aesthetics

VOCs and SVOCs

2

D

Medium

Not explicitly addressed in the
SMP, but odours can be expected
to be managed by use of the
ventilation systems.

As above.
No reports of objectionable odours within buildings,
however the contaminants of concern at the site are
known to be odorous. Odours have been observed during
the soil and groundwater investigations and noted on
logs.

Uncertainty about the representativeness of the VRA
study on future risks. At the time of preparing the SMP,
an indoor vapour testing was proposed to provide
further information for guidance on this issue. The SMP
was to be updated should the testing indicate
additional actions are required. SMP was not updated.
Uncertainty regarding the robustness of the ventilation
systems i.e. could they shut off?

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

Risks from vapours to subsurface works was not included The soil gas study did not explicitly address risks to
SMP – All subsurface works (>
subsurface workers, however soil gas bores detected
300 mm bgl) must prepare a task in the study.
a number of VOCs and SVOCs, and it can be
specific contamination
assumed that these would be present in deeper
management plan in consultation
excavations that might be undertaken.
with health and safety coordinator.
Considerations to be included:
dust management, what to do if
coloured or odorous soils are
encountered, hygiene practices
such as washing hands after
working at the site.

1ABCGLMP

Historical activities ->
Human health:
Contaminated soil ->
Workers –
Leaching/infiltration/
subsurface
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into excavations

VOCs and SVOCs

3

C

Medium

1ABCGLMQ

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into ambient air

Human health:
Park users –
adult

VOCs and SVOCs

1

C

Negligible SMP – Does not address this
exposure pathway, likely because
the risks were considered to be
low.

VRA – The outdoor air vapour risk assessment involved Uncertainty about representativeness of study (i.e.
sampling four soil gas bores installed at various locations study was limited in scope and conclusions based on a
single sampling event at 4 soil gas bore locations).
around the park. Twenty COIs were identified. Not all
COIs were detected at all of the soil gas bore locations,
and soil gas concentrations varied significantly between
locations. A QRA did not find unacceptable risks to child
and adult recreational users of the park or outdoor
maintenance workers on the park. Therefore, based on
the data collected for the outdoor air vapour risk
assessment, it was concluded that gasworks waste on
the site did not appear to be posing vapour risks to
recreational users of, or workers on, the park. The
assessment of risks to both child and adult recreational
park users found that risks from all non-carcinogenic
COIs to be less than a value of 0.2, and carcinogenic
risks from benzene to child and adult recreational park
users were found to be less than 1 x 10-5 and therefore
also acceptable.

Human health:
Park users –
child

VOCs and SVOCs

1

C

Negligible As above.

As above.

Human health:
Workers –
surface

VOCs and SVOCs

1

C

Negligible Park SMP – includes measures to As above for park users.
minimise risk w.r.t. standard
maintenance activates related to
direct contact with soils/waste.

Human health:
Residents

VOCs and SVOCs

1

C

As above for park users.
Negligible SMP – does not address this
exposure pathway, likely because
the risks were considered to be
low.

Aesthetics

VOCs and SVOCs

1

C

Negligible SMP does not address this
No reports of objectionable odours, although hydrocarbon
exposure pathway, likely because odours and staining was noted in some soil bore locations
the risks were considered to be
and groundwater monitoring wells.
low.

1

D

Low

1ABCGLMR

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into plant root
zones

Ecosystems:
Natural/modified/
highly modified

No controls, although plants grow Some gases may kill or harm plants but are generally not
throughout the site, in many areas bioaccumulative .
the plants are established on
some form of capping rather than
directly on waste/contaminated
soil.

As above.

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

1ABDMO

1ABDMP

Historical activities ->
Contaminated soil ->
Volatile emission ->
Soil gas ->
Diffusion into buildings &
structures

Historical activities ->
Contaminated soil ->
Volatile emission ->
Soil gas ->
Diffusion into residential
homes

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

1

D

Low

Edible vegetables are not being
proactively grown at the site, i.e.
bush tucker trail and fruit trees. It
was identified that some part of
plants that grow at the site could
be eaten but that it is unlikely this
would occur.

Some gases may kill or harm plants but are generally not
bioaccumulative. The other bioaccumulative chemicals
tend to be solid liquid such as PAHs, PCBs and
pesticides.

Human health:
Park users –
adult

phenol, ethylbenzene, 2
toluene, xylene

D

Medium

Controls as per SMP – Potential
vapour exposure within the
buildings to be minimised through
the use of air conditioning
systems and adequate ventilation.
Time spent in poorly ventilated
locations should be minimised
pending further measurements
and recommendations.

The indoor air vapour risk assessment involved sampling
the air in buildings at four locations on the site. VOCs,
SVOCs and cyanide were tested for. Four chemicals of
interest (COIs) were identified. These were: phenol,
ethylbenzene, toluene and xylenes.
The risk assessment of the COIs detected in indoor air
used the highest concentrations of each chemical
measured at any of the indoor monitoring locations.
Based on the data collected for the indoor air VRA, it was
concluded that the gasworks waste on the site did not
appear to be posing vapour risks to workers and
residents on the site.

The VRA used measurement data collected from soil
gas bores (sampled on one occasion) and indoor air
(also sampled on one occasion). Although the
sampling design tried to collect data that would result
in conservative estimates of risk (i.e. targeting areas
closest to potential sources), without time-series data it
cannot be determined whether the sampling program
actually captured vapour concentrations at the high
end of the range for the site; nor can it be determined
what future vapour risks may be for the site. Therefore,
the VRA can only be considered a point-in-time
assessment only.

Human health:
Park users –
child

As above.

2

D

Medium

As above for adult users.

As above.

As above.

Human health:
Workers –
surface

phenol, ethylbenzene, 2
toluene, xylene

D

Medium

Workers at the site.

VRA – It was noted that sampling was undertaken on a Sampling locations were targeted as close to potential
Monday morning and this is likely to be conservative as it sources.
was considered that any vapours inside the buildings may
be at higher concentrations after the buildings were
closed/less frequently used over the weekend.

Human health:
Residents

phenol, ethylbenzene, 2
toluene, xylene

D

Medium

SMP – Potential vapour exposure
within the buildings to be
minimised through the use of air
conditioning systems and
adequate ventilation. Time spent
in poorly ventilated locations
should be minimised pending
further measurements and
recommendations.

VRA – Four non-carcinogenic COIs were detected within
some of the four buildings sampled at the site. Two
locations were within the site. A quantitative RA based on
the highest concentrations was conducted and concluded
that based on the data collected there did not appear to
be a risk to workers or residents.

Aesthetics

VOCs and SVOCs

2

D

Medium

VOCs and SVOCs

3

C

Medium

Food production

1ABDMN

SEVERITY

Historical activities ->
Human health:
Contaminated soil ->
Workers –
subsurface
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Volatile emission ->
Soil gas ->
Diffusion into excavations

Vapour samples were collected on one occasion and
may not be representative of the high-end of the
vapour that may be emitted, or what may be emitted in
the future. Report represents a point in time and is not
enough to understand current risk or future risks. At
the time of preparing the SMP indoor vapour testing
was about to be commenced to provide further
information for guidance on this issue. The SMP was to
be updated should the testing indicate additional
actions are required.

No reports of objectionable odours, though it is possible
that the contamination could give rise to odours within
buildings.

Park SMP – Task-specific
Risks from vapours to subsurface works were not
management for any works > 300 included in the study.
mm bgl.

Uncertain whether the results from the soil gas
sampling can be applied to assess risk to subsurface
workers.

EXPOSURE
PATH NO.
1ABDMQ

1ABDMR

EXPOSURE PATH
DESCRIPTION
Historical activities ->
Contaminated soil ->
Volatile emission ->
Soil gas ->
Diffusion into ambient air

Historical activities ->
Contaminated soil ->
Volatile emission ->
Soil gas ->
Diffusion into plant root
zones

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

Human health:
Park users –
adult

VOCs and SVOCs

1

C

Negligible No controls on this exposure
pathway.

Vapour study was limited in scope and conclusions
VRA involved sampling four soil gas bores installed at
various locations. Twenty COIs were identified, and not al based on a single sampling event at four soil gas bore
COIs were detected at all of the soil gas bore locations. locations.
Soil gas concentrations varied significantly between
locations. A quantitative risk assessment of the highest
measured concentrations of the COIs did not find
unacceptable risks to child and adult recreational users of
the park or outdoor maintenance workers on the park.
Therefore, based on the data collected for the outdoor air
vapour risk assessment, it was concluded that gasworks
waste on the site did not appear to be posing vapour risks
to recreational users of, or workers on, the park. The
assessment of risks to both child and adult recreational
park users found that risks from all noncarcinogenic COIs
to be less than a value of 0.2 and carcinogenic risks from
benzene to child and adult recreational park users to be
less than 1 x 10-5, and therefore acceptable.

Human health:
Park users –
child

VOCs and SVOCs

1

C

Negligible As above.

As above.

Human health:
Workers –
surface

VOCs and SVOCs

1

C

Negligible As above.

As above for park users.

Human health:
Residents

VOCs and SVOCs

1

C

Negligible As above.

As above for park users.

Aesthetics

VOCs and SVOCs

1

C

Negligible As above.

Objectionable odours in the parkland do not appear to be
a significant issue, however hydrocarbon odours and
staining have been noted in several soil and groundwater
borehole locations.

Ecosystems:
Natural/modified/
highly modified

1

D

Low

No controls – plants grow through Some gases may kill or harm plants but are generally not
bioaccumulative.
the site, in many areas
established on capping rather
than directly on
waste/contaminated soil.

Food production

1

D

Low

Edible vegetables are not grown
at the site. It was identified that
some part of plants that grow at
the site could be eaten but that it
is unlikely this would occur.

Some gases may kill or harm plants but are generally not
bioaccumulative.

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

Review of reports has indicated a potential for site soils to The available information relates mostly to only part of
impact upon buildings and structures built on the site, i.e. the site and, while it is probably indicative of the
situation elsewhere, there is some uncertainty in this.
soil data collected during the various assessments
reported pH range between 2.7 - 8.5 pH units, in both the
fill and natural soils. The Australian Standard for Piling
Design and Installation (AS 2159-1995) indicates that for
concrete piles the site soil pH would be considered very
severe to non-aggressive. Soil condition on the site can
be variable and caution should be taken when designing
new buildings and structures. Sulfate was of less
significance, and it was found that two samples out of 38
analysed were above the adopted criterion and therefore
the risk of impacts to buildings and structures
represented by the sulfate in soils is low. It is noted that
the NEPM EIL for sulfate of 2000 mg/kg was used to
assess impact to this beneficial use; this is conservative
as AS 2159 considers % sulfate levels. It is concluded
that the issue can be managed and that the site is
suitable for the proposed uses (being medium/high
density residential and/or open space uses).

1ABE

Historical activities ->
Contaminated soil ->
Direct contact

Buildings and
structures

pH, sulfates

3

A

Low

No explicit controls, however new
buildings would need approval,
and the planning authority is likely
to consider the requirements for
building design.

1ABEH

Historical activities ->
Contaminated soil ->
Direct contact ->
Dermal contact

Human health:
Park users –
adult

PAHs, TPHs,
benzene, cyanide

2

B

Low

There is uncertainty regarding the extent of the
SMP requires that the separation Soils on site are contaminated with gasworks waste. A
capping at the site and the concentrations of
layer be maintained over the non- number of contaminant concentrations were found to
building areas of the site.
exceed the criteria adopted for the protection of human contaminants that might occur at the surface of the
site.
health and the environment the current site usage.
Elevated concentrations were found for lead and some
organic compounds such as total recoverable
hydrocarbons and polycyclic aromatic hydrocarbons
(PAHs), including benzo(a)pyrene (B(a)P), consistent with
material originating from gasworks sites. Surface
samples were collected from across the park and results
were compared to NEPM E HIL criteria to assess the
severity. The low severity ranking is based on the
measurement of PAHs at the surface at up to 120 mg/kg,
which is only slightly greater than the NEPM D threshold
value (80 mg/kg) for commercial land use.

Human health:
Park users –
child

PAHs, TPHs,
benzene, cyanide

2

B

Low

As above.

Human health:
Workers –
surface

PAHs, TPHs,
benzene, cyanide

2

B

Low

SMP – It was recommended that This exposure pathway considers commercial building
workers and resident artists etc within this category.
workers or people who spend
more than two days a week at the Elevated concentrations were found for lead and some
site be briefed by the health and organic compounds consistent with material originating
safety coordinator regarding site from gasworks sites, such as total recoverable
hydrocarbons and PAHs, including B(a)P. Surface
issues, the need to minimise
exposure to soil at the site and the samples were collected from across the park. Results
need to adopt standard hygiene were compared to NEPM E HIL criteria to assess the
severity. The low severity ranking is based on
practices following contact with
concentrations of PAHs at the surface at up to 120 mg/kg
the surrounding soils.
(refer to comment above for significance).

As above.

As above.

EXPOSURE
PATH NO.

1ABEI

EXPOSURE PATH
DESCRIPTION

Historical activities ->
Contaminated soil ->
Direct contact ->
Ingestion

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

There is uncertainty regarding the extent of the
capping at the site and the concentrations of
contaminants that might occur at shallow depths on the
site.

Human health:
Workers –
subsurface

PAHs, TPHs,
benzene, cyanide

4

B

Medium

SMP – All subsurface works (>
300 mm bgl) must prepare a task
specific contamination
management plan in consultation
with Health and Safety
Coordinator. Considerations to be
included: dust management, what
to do is coloured or odorous soils
are encountered, hygiene
practices such as washing hands
after working at the site.

Elevated concentrations were found for lead and some
organic compounds consistent with material originating
from gasworks sites, such as total recoverable
hydrocarbons and PAHs, including B(a)P. Severity is
based on the measured results for soils from surface to
maximum investigation depth. Results were compared to
NEPM F HIL criteria to assess the severity. Severity is
based on the maximum measured benzene
concentration, at a depth of 2.3 - 2.4 m. However, there
are reports of tar and tarry odour (e.g. Report 7), and this
suggests that the investigations to date have not
identified the highest concentrations.

Human health:
Residents

PAHs

3

B

Low

SMP has specified control w.r.t.
access to fill/natural soils
underlying the separation layers,
and that capping be maintained
over non-building areas of the
site.

There is uncertainty regarding the extent of the
Soils on the site are contaminated to various degrees
capping at the site and the concentrations of
with gasworks waste. A number of contaminant
concentrations were found to exceed the criteria generally contaminants that might occur at the surface of the
site.
adopted for the protection of human health and the
environment for a site used for the current purposes. The
elevated concentrations were generally found for lead and
some organic compounds consistent with material
originating from gasworks sites, such as total recoverable
hydrocarbons and PAHs, including B(a)P. Severity is
based on the measured concentrations of PAHs and
B(a)P in surface soils.

Human health:
Park users –
adult

PAHs, TPHs,
benzene, cyanide

4

B

Medium

There is uncertainty regarding the extent of the
SMP requires that the separation Soils on the site are contaminated to various degrees
capping at the site and the concentrations of
layer be maintained over the non- with gasworks waste. A number of contaminant
building areas of the site.
concentrations were found to exceed the criteria generally contaminants that might occur at the surface of the
site.
adopted for the protection of human health and the
environment for a site used for the current purposes. The
elevated concentrations were generally found for lead and
some organic compounds consistent with material
originating from gasworks sites, such as total recoverable
hydrocarbons and PAHs, including B(a)P. Analytical data
provided commences at a depth of 0.5 m below surface.
Results were compared to NEPM F HIL criteria to assess
the severity. Severity is based on the measured benzene
concentration at a depth of 2.3 - 2.4 m.

Human health:
Park users –
child

PAHs, TPHs,
benzene, cyanide

4

B

Medium

As above.

As above.

Human health:
Workers –
surface

PAHs, TPHs,
benzene, cyanide

4

B

Medium

SMP requires that workers or
people who spend more than two
days a week at the site be briefed
by the health and safety
coordinator regarding site issues,
and notes the need to minimise
exposure to soil at the site and to
adopt standard hygiene practices
following contact with soils.

As above.
This exposure pathway considers commercial building
workers. Analytical data provided commences at a depth
of 0.5 m below surface. Results were compared to NEPM
F HIL criteria to assess the severity. Severity is based on
a benzene concentration at a depth of 2.3 -2.4 m.

As above.

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

SMP – All subsurface works (>
300 mm bgl) must prepare a task
specific contamination
management plan in consultation
with the health and safety
coordinator. Considerations to be
included: dust management, what
to do if coloured or odorous soils
are encountered, hygiene
practices such as washing hands
after working at the site.

Severity is based on soils from surface to maximum
investigations depth. Results were compared to NEPM F
HIL criteria to assess the severity. Severity is based on
the measured benzene concentration at a depth of 2.3 2.4 m. However, there are reports of tar and tarry odour,
and this suggests that the investigations to date have not
identified the highest concentrations.

There is uncertainty regarding the extent of the
capping at the site and the concentrations of
contaminants that might occur at shallow depths on the
site.

Human health:
Workers –
subsurface

PAHs, TPHs,
benzene, cyanide

4

B

Medium

Human health:
Residents

PAHs

1

B

There is uncertainty regarding the extent of the
Negligible SMP places controls over access Soils on the site are contaminated to various degrees
capping at the site and the concentrations of
to fill/natural soils underlying the with gasworks waste. A number of contaminant
separation layers.
concentrations were found to exceed the criteria generally contaminants that might occur at the surface of the
site.
adopted for the protection of human health and the
environment for a site used for the current purposes. The
elevated concentrations were generally found for lead and
some organic compounds consistent with material
originating from gasworks sites, such as total recoverable
hydrocarbons and PAHs, including B(a)P. Severity is
based on the measured concentrations of B(a)P in soils
less than 0.4m below surface level. One of four samples
between surface and 0.4 m recorded a B(a)P
concentration exceeding NEPM D HIL criteria. However,
it should be noted that the highest severity recorded on
the site is 4, based on the B(a)P concentration at a depth
of 0.5 - 0.6 m. However, there is uncertainty as to
whether the highest concentrations have been identified.

1ABEJ

Historical activities ->
Contaminated soil ->
Direct contact ->
Surface contamination/
waste

Aesthetics

Surface waste

2

D

Medium

SMP specifies that most areas of
the site outside of the buildings
are covered by a separation layer
that consists of paved areas
including gravel paths, grassed
areas with a dense healthy cover
and landscaped gardens with
woodchip cover.

At the site fill material varies from 0.5 m and 3.2 m in
Activities undertaken at the site are by the owner of the
thickness. Near the surface, fill material has been
site and because exposure will be infrequent the risk to
reported as generally comprised of black sands with
general public can be considered to be low. However,
fragments of coke, bricks and glass. In addition, the fill there is some uncertainty regarding the state of the
has also been reported to include tar and large sections capping at the site.
of steel and other metallic waste. A strong tarry odour
has been associated with the fill material at the locations
reporting tar. Hydrocarbon odours and staining have been
identified within the fill and natural material on the site.

1ABFK

Historical activities ->
Contaminated soil ->
Root zones ->
Plants/produce

Ecosystems:
PAHs, metals
Natural/modified/
highly modified

2

B

Low

No controls – Plants grow
throughout the site.

The effect of the contamination on plants has not been
The major contaminants in soil have been found to be
PAHs, including B(a)P and TPHs (>C9). PAHs may be in well characterised.
two forms in soils on the site – a liquid form (e.g. tars,
liquors in and near tanks and pits) and in solid form (e.g.
ash, coke, coal in and near hoppers and bunkers). The
potential for the VOCs and SVOCs to impact on the
terrestrial ecosystems (e.g. plants has not been well
characterised in the assessment reports. Metals have
been found above NEPM EILs, and other contaminants
such as low pH and sulfate may impact the beneficial use
of maintenance of ecosystems. Plants have been
selected that will grow in the soils at the site, and
contaminant concentrations in surface soils do not appear
to be a limiting consideration.

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
USE

LIMITING
CONTAMINANT

SEVERITY

LIKELIHOOD

RISK

CONTROLS

COMMENT

UNCERTAINTY

Human health:
Park users –
adult

PAHs, metals

1

B

Negligible No edible produce grown at the
site.

To derive an overall risk ranking for contaminant uptake The contamination in soil and fill has not been well
and potential consumption, site plants were identified and characterised, and the potential for uptake by plants is
assessed the expected root depth, the edible portion of not well characterised; prediction of uptake is highly
the plant, the likelihood of consumption, and the expected uncertain. Analysis of plant material would provide a
more direct measure of plant uptake.
form of the PAH contamination. It was concluded that
uptake was expected to be low and consumption of
vegetation expected to be infrequent.

Human health:
Park users –
child

PAHs, metals

1

B

Negligible No edible produce grown at the
site.

As above for adult park users.

Human health:
Workers –
surface

PAHs, metals

1

B

Negligible No edible produce grown at the
site.

As above for park users, but considering that frequency
at the park is expected to be less than park users.

Human health:
Workers –
subsurface

PAHs, metals

1

B

Negligible No edible produce grown at the
site.

As above for park users, but considering that frequency
at the park is expected to be less than park users.

Human health:
Residents

PAHs, metals

1

B

Negligible No edible produce grown at the
site.

As above for adult park users.

Food production PAHs, metals

2

B

Low

The significance of the contamination with respect to
The major contaminants in soil have been found to be
PAHs, including B(a)P and TPHs (>C9). The PAHs have plant uptake and effects on plants and plant growth is
potential to be in two forms in soils on the site – a liquid uncertain and not well characterised.
form (e.g. tars, liquors in and near tanks and pits) and in
solid form (e.g. ash, coke, coal in and near hoppers and
bunkers). PAHs in solid form are expected to have a
lower potential for uptake by plant roots. PAHs in liquid
form are expected to have a higher potential for uptake
by plant roots, and effect on plant growth. Metals have
been found above NEPM EILs, and also could give rise to
plant uptake and effects on plant growth. Because of the
controls on the use of plants for food, the relevance of
this beneficial use is reduced.

A

Medium

Flowchart 2

GASWORKS SITE, Groundwater segment: On-site beneficial uses

2ABCEG

Potable water –
Historical activities ->
desirable/
Contaminated soil ->
acceptable
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Extraction

4
TDS, arsenic,
manganese,
ammonia and cyanide
nickel exceed the
drinking water criteria.

Groundwater contaminant concentrations on site exceed
Extractive uses of groundwater
are not addressed in the SMP, but the potable water guideline concentrations for arsenic,
nickel, manganese, ammonia (health and aesthetics),
unlikely to occur given owner's
sulfate (health and aesthetics). Ammonia is orders of
management/control over
magnitude above the potable use aesthetic guideline
activities at the site.
concentrations. In addition, the salinity has been elevated
in the aquifer above background levels. Potable use on
site is unlikely to be realised because of the owner's
controls, the reticulated water supply to the area and
expected ongoing use of the park as public space.

EXPOSURE
PATH NO.

EXPOSURE PATH
DESCRIPTION

BENEFICIAL
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LIMITING
CONTAMINANT

SEVERITY
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RISK

CONTROLS

COMMENT

UNCERTAINTY

Agriculture,
TDS, boron, arsenic,
parks & gardens manganese

3

B

Medium

Owner controls use. Use of
Concentrations of arsenic and boron exceed the adopted
groundwater for irrigation onsite is irrigation criterion in some bores. The source of arsenic
unlikely.
may be associated with the naturally occurring arsenic
mobilised by low pH conditions on the site. It is possible
that the boron concentration is associated with
background concentrations. The salinity of the
groundwater on parts of the site has been elevated by
contamination and this will have altered the potential for
use of the groundwater for irrigation. Even in parts of the
site in which the groundwater has salinity less than 1500
mg/L, contaminants (e.g. boron and cyanide) are present
that could affect the use of the groundwater for irrigation.
A medium level risk has been assigned based on the low
likelihood of extractive use of groundwater at the site (that
is, irrigation is unlikely ('B'), but not improbable ('A').

Stock animals

3

A

Low

Owner controls use. Use of
groundwater for stock watering
onsite is improbable.

2

A

Negligible Owner control use. Use of
groundwater for industrial
purposes onsite is improbable.

4

A

Medium

Owner controls use. As above for Groundwater contaminant concentrations on parts of the
potable water use.
site exceed the guideline concentrations for primary
contact recreation for ammonia by several orders of
magnitude as well as being slightly above guideline
concentrations for arsenic, cyanide, boron and
manganese.

2

B

Low

There is uncertainty as to whether the sewers might be
Groundwater is currently below
Sulfate concentrations in groundwater at the site were
repaired in the future, and in which case the
the likely depth of most structures recorded between 220 mg/L and 2,400 mg/L; pH
groundwater might rise and affect deep foundations
at the site.
between 6.2 and 8.1 pH units. The soil assessment
and basements.
indicated that pH conditions (and to a lesser extent
sulfate conditions) may impact upon the beneficial use of
the land for buildings and structures. The groundwater
concentrations indicated impact from sulfate but less of
an impact from the low pH soils. The Australian Standard
for Piling Design and Installation (AS2159-1995)
considers buried concrete, and groundwater at the site
can be classified as being between mild and nonaggressive; current information indicating that the
groundwater condition at the site is not likely to present
an unacceptable risk to the beneficial use of buildings and
structures.

4

No surface water Negligible No surface water body onsite.
body onsite

Industrial use

Sulfate, pH

Primary contact Ammonia, arsenic,
recreation
boron, manganese,

2ABCEH

Buildings &
Historical activities ->
structures
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Direct contact

2ABCEI

Maintenance of Ammonia, arsenic
Historical activities ->
ecosystems
Contaminated soil ->
Leaching/infiltration/
percolation ->
Shallow groundwater ->
Discharge

2ABDFJ

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Deep groundwater ->
Extraction

Potable water

low pH, sulfates

TDS, arsenic,
4
manganese,
ammonia and cyanide
nickel exceed the
drinking water criteria.

A

Medium

As marginally exceeds the adopted stock watering
guideline.
Groundwater unlikely to be suitable for industrial uses
without some treatment prior to use.

On the site, the concentration of ammonia and cyanide
exceed the ecosystem criteria by several orders of
magnitude. Arsenic and manganese are also elevated
above what could be background concentrations. There is
no surface water body on site to which groundwater would
discharge.

It is not expected that dissolved phase groundwater
There are no data on the groundwater conditions
Extractive uses of groundwater
are not addressed in the SMP, but contamination at the site will migrate vertically downward beneath the aquifer
to deeper aquifers (unless via DNAPL – covered in this
unlikely to occur given owner's
Technical Report in Flowchart 7).
management/ control over
activities at the site.

EXPOSURE
PATH NO.

EXPOSURE PATH
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BENEFICIAL
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LIMITING
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LIKELIHOOD
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COMMENT

Agriculture,
TDS, boron, arsenic,
parks & gardens manganese

4

B

Medium

As above.

As above. A medium level risk has been assigned on the
basis of the possibility of extractive use of groundwater at
the site (that is, irrigation is unlikely ('B'), but not
improbable ('A')).

Stock animals

4

A

Medium

As above.

As above. A low level risk has been assigned on the
basis of the possibility of the extractive use of
groundwater at the site (i.e. this use is improbable ('A'))

2

A

Low

As above.

As above. Use is improbable.

Primary contact Ammonia, arsenic,
recreation
boron, manganese

4

A

Medium

As above.

As above. Use is improbable.

Low

Groundwater is currently below
As above.
the likely depth of most structures
at the site.

Industrial use

sulfate, pH

2ABDFK

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Deep groundwater ->
Direct contact

Buildings &
structures

Sulfates

2

B

2ABDFL

Historical activities ->
Contaminated soil ->
Leaching/infiltration/
percolation ->
Deep groundwater ->
Discharge

Maintenance of
ecosystems

Ammonia, arsenic

4

No surface water Negligible No surface water body on-site.
body onsite

As above.

UNCERTAINTY

Risk Assessment Matrix
Severity scale
People

Assets &
heritage

Likelihood scale
A

B

C

D

E

Improbable

Unlikely

Possible

Likely

High

Environment

0

No health effect/injury:
- non detect or < limit

No damage

No effect:
- non detect or < limit

Negligible

Negligible

Negligible

Negligible

Negligible

1

Slight health effect:
- possible occasional
exceedence

Slight damage
<$10,000

Slight effect:
- possible occasional
exceedence

Negligible

Negligible

Low

Low

Low

2

Minor health effect = 0 - 10 x limit and
relevant extractive use

Minor damage
<$100,000

Minor effect, single
complaint, minor breach:
= 0 - 10 x limit and
relevant beneficial use

Low

Low

Low

Medium

Medium

3

Major health effect -= 10-100 x limit and
relevant extractive use

Localised
damage
<$1,000,000

Localised effect, multiple
complaints, substantial
breach:
- >10 - 100 x limit and
relevant beneficial use

Low

Low

Medium

Medium

High

4

Major health effect ->100 x limit and
relevant extractive use

Major damage
<$10,000,000

Major effect, widespread
nuisance, persistent
breach or impact:
>100 x limit and
relevant beneficial use

Low

Medium

Medium

High

High

5

Acute health effect ->>100 x limit and relevant
extractive use

Extensive
damage
>$10,000,000

Massive effect, persistent
severe damage:
>>100 x limit and
relevant beneficial use

Medium

Medium

High

High

High
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