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Executive summary

Significance: Remediation policies and guidelines are increasingly recognising the
value of drawing on the knowledge and experiences of diverse stakeholders, including
affected residents, to support technology selection, and to inform other related areas of
remediation policy such as risk management and sustainability assessment. Despite
policy support for these approaches, there is little understanding within the remediation
industry of residents’ perceptions or acceptance of the growing diversity of
technologies that are being used to remediate contaminated sites. This document
addresess this lack of understanding by providing a unique evidence-based
understanding of residents’ perceptions and acceptance of remediation technologies
that can be used by those within the remediation industry to guide the development of
plans for the remediation of specific contaminated sites.

Purpose: The purpose of this document is to assist the responsible party, remediation
service providers, auditors, local governments, health professionals and environmental
regulators to develop and implement plans for remediation using an evidence-based
understanding of residents’ perceptions and acceptance of remediation technologies.
The document does this through guidance, in the form of evidence-based insights and
questions, focused on how residents living near contaminated sites:

e worry about the application of remediation technologies in their local environments

e perceive risks and benefits from the application of remediation technologies in
their local environments, and

e accept the application of remediation technology in their local environments.
Residents’ acceptance is understood as the residents’ level of support for the
application of the remediation technology in their local area, and the choices they
make when deciding between different technologies that may be applied in their
local area.

The guidance is relevant to both remediation planning and community engagement
planning.

Evidence-base: The unique evidence-base used to construct this guidance document
has been internationally peer reviewed, and is drawn from a detailed study of the
perceptions and acceptance of different remediation technologies by 2953 Australian
residents, 2009 of whom lived near 13 contaminated sites across Australia (Huynh et al
2017; Prior et al 2014; Prior 2016; Prior & Rai 2017; Prior et al 2017; Prior 2018). The
sites were located in New South Wales, South Australia, the Australian Capital
Territory, Tasmania, Queensland and Victoria. The 13 sites had a range of recognised
environmental contaminants present, including solvents, hydrocarbons, heavy metals,
asbestos and putrescible waste.

The guidance within this document, and evidence-base, were developed with support
from the SA Environment Protection Authority, NSW Environment Protection Authority,
Orica, Thiess Services, GHD Australia, LandCorp West Australia, NSW Health, and
Queensland Health. The guidance within this document should be considered in
conjunction with guidance in the National Remediation Framework, and any relevant
state specific remediation policies and guidelines.
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1. Introduction

1.1 Background

Australia has an estimated 160,000 sites that are potentially contaminated, and experts
suggest that only a tiny fraction of them are currently being remediated to remove risks
to human health and the environment. The range of technologies that can be used to
remediate these sites has increased significantly over the past few decades. Today,
the breadth of possible technologies that can be used for remediation is far-reaching
and includes thermal, biological, physical and chemical technologies.

Whilst expert views on what technologies should be used to remediate contaminated
sites are important, in recent decades more inclusive and participatory approaches
have been used to choose technologies based on the views of a multitude of
stakeholders including affected residents (Pollard et al 2004; Bardos et al 2011; Benn
et al 2009; Brown & Benn 2009; Couch & Coles 2011; CRC CARE 2019n; Hillier et al
2009; Sustainable Remediation Forum United Kingdom 2009; United States
Sustainable Remediation Forum 2009). This approach is not based on a view that
residents’ views of remediation technologies are more important than those of experts,
but on the understanding that residents provide alternative knowledge that may be
useful to the evaluation of remedial technologies. There is a growing recognition that it
is impossible for any single perspective, discipline, or knowledge to monopolise the
answers and solutions to complex environmental challenges like contamination, and
that the identification of solutions to these environmental challenges, like the selection
of remedial technologies, requires insights from multiple stakeholders (Berkes et al
2013; Evans & Plows 2007; Huntington 2000; Raymond et al 2010; Ribeiro & Lima
2016).

Remediation policies and guidelines are increasingly recognising the value of drawing
on the knowledge and experiences of diverse stakeholders, including affected
residents, to support technology selection, and to inform other related areas of
remediation policy such as risk management and sustainability assessment that can be
enhanced through more holistic understanding (CRC CARE 2019I; EnHealth 2012;
Sustainable Remediaton Forum Australia, CRC CARE & Australiasian Land and
Groundwater Association 2011b). For example, remediation policies and guidelines
increasingly acknowledge the value of residents’ perceptions of risk, and more recently,
their perceptions of the benefits associated with the remediation of contaminated
environments (EnHealth 2012; CRC CARE 2019n). Despite policy support for these
approaches, and a growing diversity of decision support tools, there is little
understanding within the remediation industry of residents’ perceptions or acceptance
of the growing diversity of technologies that are being used to remediate contaminated
sites.

This document seeks to address this lack of understanding by providing an evidence-
based understanding of residents’ perceptions and acceptance of remediation
technologies that can be used by those within the remediation industry to guide the
development of plans for the remediation of specific contaminated sites.
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1.2 Evidence-base

This document builds on an evidence-base of how residents living near contaminated
sites:

e worry about the application of remediation technologies in their local environments

e perceive risks and benefits from the application of remediation technologies in
their local environments, and

e accept the application of remediation technology in their local environments.
Residents’ acceptance is made up of two parts. Firstly, residents’ acceptance
within the context of these guidelines is understood as the residents’ level of
support for the application of the remediation technology in their local area.
Secondly, residents’ acceptance within these guidelines is also understood to be
defined by the choices they make when deciding between different technologies
that may be applied in their local area to remediate an environment that has been
polluted by contaminants.

The evidence-base used to construct this document has been internationally peer
reviewed, and is drawn from a detailed study of the perceptions and acceptance of
different remediation technologies by 2953 Australian residents, 2009 of whom lived
near 13 contaminated sites across Australia (Huynh et al 2017; Prior et al 2014; Prior
2016; Prior & Rai 2017; Prior et al 2017; Prior 2018). The sites were located in New
South Wales, South Australia, the Australian Capital Territory, Tasmania, Queensland
and Victoria. The 13 sites had a range of recognised environmental contaminants
present, including solvents, hydrocarbons, heavy metals, asbestos and putrescible
waste. A detailed discussion of the conceptual frameworks and methodology used, and
the evidence obtained, is presented in a series of peer-reviewed publications (Huynh et
al 2017; Prior et al 2014; Prior 2016; Prior & Rai 2017; Prior et al 2017; Prior 2018).
Figure 1 presents a conceptual overview of the study.

PREDICTORS INFLUENCING RESIDENTS’ PERCEPTIONS AND ACCEPTANCE
OF THE APPLICATION OF REMEDIATION TECHNOLOGIES

Personal and
demographic
characteristics

Technologies’ Physical Institutional
characteristics context context

Residents’ assessment of technology:

Acceptance
Worry + Risk and benefit + (level of support +

choice)

Deployment of technology at site by remediation practitioners

Figure 1. Overview of the study that informed this document.

1.3 Purpose

The purpose of this document is to assist the responsible party, remediation service
providers, auditors, local governments, health professionals and environmental
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regulators to develop and implement plans for remediation using an evidence-based
understanding of residents’ perceptions and acceptance of remediation technologies.

The document does this through guidance, in the form of evidence-based insights and
questions, that are provided in matrices in sections 3, 4, and 5 of this document. These
evidence-based insights are drawn from the evidence-base outlined in section 1.2. For
each evidence-base insight that is presented, we pose a question(s) for consideration
when developing and reviewing plans for the remediation of a contaminated site. For
each question, we provide an indication of whether the question is relevant to
remediation planning, to community engagement planning, or possibly both.

The guidance within this document should be considered in conjunction with guidance
in the National Remediation Framework, including the Guideline on Stakeholder
Engagement, and the technology assessment and implementation guidelines

(CRC CARE 2019c, d, e, g, h, I, m, n). We also recommend that the guidance in this
document be considered in conjunction with any relevant state specific remediation
policies and guidelines.

1.4 Structure
This document is organised into the following sections (also see figure 2):

e Section 1 provides the background and purpose for the document.

e Section 2 provides the key steps for using the document, including questions and
issues to consider before using it.

e Sections 3, 4 and 5 are the guidance portions within the document. Building on
the evidence-base outlined in section 1.2, each of these parts pose a series of
evidence-based insights and questions that may be considered when developing
plans for the remediation of specific contaminated sites. Each section is based on
key characteristics of residents’ perceptions and acceptance of remediation
technologies including worry (section 3), risk (section 4) and benefit perceptions
and acceptance (support and choice, section 5).

e A glossary of key terms is provided in section 6.

CRC CARE Technical Report no. 45 3
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Introduction
Section 1 provides the background and purpose for the document

Preparing to use the guidance sections

Section 2 provides key steps in using the guidance sections:
Step 1: Where and when to use the guidance sections
Step 2: Using the guidance sections in context
Step 3: How to use to the guidance sections

Guidance chapters

Figure 2. Overview of the structure of the document.
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2. Preparing to use the guidance sections: three steps

This section provides an overview of the three steps that need to be considered when
preparing to use the guidance, in the form of evidence-based insights and questions, in
sections 3, 4 and 5 of this document. Those who have read this section can use the
quick checklist in section 2.4.

2.1 Step 1: where and when to use the guidance sections

The evidence-based insights and questions presented provide a means of bringing
residents, and their perceptions and preferences regarding remediation technologies,
into dialogue with the practitioners who draft and implement plans for the remediation
of specific contaminated sites.

The evidence-based insights and questions can be used to inform:

e remediation planning for specific sites, and

e community engagement planning for specific sites.

The evidence-based insights and questions can inform these plans in two key ways:
e to provide guidance during the developmental phase of the plans, and

e to assist with providing comment on drafted plans (e.g. by environmental
regulators or local government to responsible parties).

Knowledge about residents’ perceptions and preferences about remediation
technologies is not necessarily more important than expert knowledge. Rather,
residents provide different forms of knowledge that may be of value in developing plans
for the remediation of specific contaminated sites (Delgado et al 2011; Irwin 2006). To
value this knowledge requires a degree of openness on the part of the experts involved
in remediation, and an emergent understanding that the remediation process must be
open to being influenced by the perspectives and experiences of those who stand to be
affected by a course of action, including residents, if experts are to avoid making self-
serving or narrowly-focused decisions about remediation technologies

(CRC CARE 2013n; O’'Riordan & Cameron 1994; Sustainable Remediation Forum
Australia, CRC CARE & Australasian Land and Groundwater Association 2011a;
United States Sustainable Remediation Forum 2009).

2.1.1 Remediation planning

Remediation planning normally relates to a specific site or area. Remediation plans and
proposals involve many stages, some of which may occur in sequence and/or in
parallel.

Figure 3 provides a generic conceptualisation of the remediation process. This is not
intended to be a realistic depiction of remediation — these processes are rarely simple
or linear, and variations occur from site to site. This generic conceptualisation is
intended to provide an understanding of the general components of remediation
processes.

Remediation planning, as depicted in figure 3, can be broken into three key stages:

1. identifying remedial options

CRC CARE Technical Report no. 45 5
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2. selection of remedial technologies/treatability studies, and
3. application of remedial technologies.

The first stage involves a detailed appraisal of the remediation options available.
Following the detailed options appraisal, one or more technologies or management
solutions are selected as appropriate to treat contaminants at the site, taking into
consideration site-specific conditions. Treatability studies may be required at this stage
to further assess the applicability of the technologies.

The evidence-based insights and questions regarding residents’ perceptions and
acceptance of technologies presented in sections 3, 4 and 5 has application across the
three key stages of remediation planning.

Case study 1 discusses one of many ways in which the evidence-based insights and
questions detailed in sections 3, 4 and 5 might be used during the development of a
remediation plan for a specific site or series of sites.

Site assessment

SITE MANAGEMENT PLAN REMEDIATION PLAN

Develop Identify remediation goals
and objectives

Implement Develop selection criteria
for remediation application

Development of remediation
implementation plan

Monitor Identify remgdlal optlons
and associated risks
» Develop remediation plan
Implement remediation
5 - plan
= &
Lo o
&5 Review and evaluate
& ® implementation
£E T
o O
e £ ; i~
B Review Remediation Complete
remediation plan fails implementation
S Ongoing
&S monitoring,
3 g reporting and
QE) o evaluation
- n
- O
a2 o
o
a o

Figure 3. Overview of the remediation process. Groupings on the left indicate how this process
relates to the stages identified in the overview provided in the National Remediation Framework.
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Case study 1: An example of how to incorporate the guidance in this document into a remediation
plan

This hypothetical case study provides a brief overview of how the evidence-based insights and
questions outlined in this document might be considered when developing a remediation plan. It
is worth noting that there is no single way in which the evidence-based insights and questions
presented may be used in remediation plans. The hypothetical scenario presented here
involves a remediation expert who regularly develops remediation plans for petrol stations.

Hypothetical scenario

Underground storage systems from former petrol stations are a common source of
contaminants in Australia. These former petrol stations are often found near residential areas.
The contaminant types often found at these sites include petroleum hydrocarbons and lead with
remediation often involving air monitoring and capping or removal of contaminated soil.

A remediation expert who had developed remediation plans to address contaminants at several
former petrol stations became aware that the proximity of these former petrol station sites to
residential areas often resulted in nearby residents expressing concern about the potential risks
the contamination from these sites posed to their health, and that the contaminant may be
migrating through the groundwater and soil to nearby residential properties. The remediation
expert was also aware that residents had expressed concern about whether the types of
remediation approaches being used at the sites, and their by-products, might pose a risk to
residents’ health.

Given the perceived health risks that nearby residents had expressed at previous sites, and
instances where these concerns often emerged in local media, the remediation expert decided
that it would be prudent to incorporate a section on resident risk perceptions into the
remediation plans developed for future sites. The remediation expert saw this as a means of
developing a more holistic assessment of the types of risks that might arise from technologies
during the remediation process. One source of information that the remediation expert decided
to use to inform their understanding of residents’ risk perception for technologies within the
remediation plans developed were the evidence-based insights and questions detailed in
section 4.4 of this document. The remediation expert found the evidence-based insights and
questions on how technology characteristics affect residents’ risk perceptions as particularly
useful (see RB4.1 through RB4.7 in section 4.4). This section of the document explains the
types of technology characteristics most likely to affect a residents’ risk perception. The
remediation expert understood the importance of using the evidence-based insights and
questions within this document in conjunction with reviewing the context of the actual site (see
section 2.2.2).

2.1.2 Community engagement planning

Community engagement planning, like remediation planning, normally relates to a
particular site or area. Community engagement planning provides a key vehicle for
framing how those responsible for the remediation process and their remediation
service providers, engage with stakeholders, including residents, who might be affected
by the remediation processes associated with a nearby contaminated site. Community
engagement planning aims to address the affected stakeholders’ representation and
participation in processes, such as remediation, that may affect or impact them and
their environment.

CRC CARE Technical Report no. 45 7
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The purpose of community engagement planning is:

e to help identify crucial stages or criteria in a process like remediation that might
prompt engagement, and

e to help prepare for those upcoming engagement activities.

Community engagement plans are often initiated during the early stages of the
remediation process, at the site assessment stage, and they are often implemented
right through to the ongoing monitoring, reporting and evaluation stage (see figure 3).
Given the inherent complexity and challenges of remediation processes, the need for
community engagement planning may change over time, so there is an ongoing need
to frequently re-evaluate community engagement plans through the life of a
remediation process.

There are several broad levels of engagement that can be used within community
engagement plans (Arnstein 1969; Beierle & Konisky 2000; Freudenberg 2004;
Gallagher & Jackson 2008; Murdock et al 2005; Reed 2008; Wakefield et al 2001).
Each of these requires different commitments from those implementing the plan and
the stakeholders. The levels reflect a spectrum of degrees of engagement that range
from providing information through to collaboration and empowerment. In the context of
remediation technology selection, these levels include:

¢ informing stakeholders, including residents, about technologies that have been
selected to clean-up or manage contaminants associated with a site.

¢ Consulting with stakeholders, including residents, about remediation technologies
that have been selected to remediate a site to obtain feedback while providing
them with a clear explanation of how their feedback will be used to inform the
selection of a remedial option for the site.

¢ Involving stakeholders, including residents, in the technology selection process by
working directly with them in mechanisms such as community committees, to
ensure that there is a common understanding of the issue(s), and that residents’
perceptions, concerns and aspirations are reflected in the technology approaches
that will be used in the remediation. This is a two-way exchange of information that
encourages discussion and provides residents with an opportunity to influence the
outcome.

¢ Collaborating, that is, building a working partnership between the responsible
party and the stakeholders which enables the incorporation of stakeholders’ input
and advice into technology selection, and the joint formulation of technology
solutions and/or options.

o Empowerment, where the remediation service providers and responsible party
give the stakeholders, including residents, some degree of power in making the
final decision about technology options that may be used at a given site.

The evidence-based insights and questions regarding residents’ perceptions and
acceptance of technologies presented in sections 3, 4 and 5 can be used to support
the development and implementation of community engagement planning through a
deeper understanding of how residents’ worries, their perceptions of risks and benefits,
and their acceptance of remediation technologies are affected by diverse aspects of
their lives.
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Case study 2: An example of how to incorporate the guidance in this document into a community
engagement plan

This hypothetical case study provides a brief overview of how evidence-based insights and
questions outlined in this document might be considered when developing a community
engagement plan. It is worth noting that there is no single way in which the evidence-based
insights and questions presented may be used in community engagement plans. The
hypothetical scenario below involves an old gas works site in an Australian city.

Hypothetical scenario

The hypothetical gas works site operated between the 1800s and 1960s. The site is
approximately 1 hectare. Significant contamination exists at the site, predominantly related to its
former use as a gas works as well as other industrial uses. Contaminants include polyaromatic
hydrocarbons, petroleum hydrocarbons, phenols, monoaromatic hydrocarbons, heavy metals,
ammonia, total cyanides and soluble sulfates. Offsite migration of contamination through
groundwater was likely. Hazardous materials at the site included asbestos. Remediating the site
may last many years and the cost is expected to be significant. As part of the remediation
process the responsible party employed a community liaison consultant to engage with
residents near the site.

To develop the community engagement plan for the site, the community liaison consultant drew
on a range of remediation and policy guidance resources (see section 2.2.3 for suggestions),
including a draft version of this document. The community liaison consultant was particularly
interested in using the evidence-based insights and questions in section 5 of this document to
provide evidence for residents’ acceptance (support and choice) of different remediation
technologies that might be used at the site (see section 5.4). The community liaison consultant
understood the importance of using evidence-based insights and questions in conjunction with a
review of the context of the actual site (see section 2.2.2). The details within this document
provide an evidence-based understanding of why the community engagement plan might need
to address particular issues.

The evidence-based insights and questions in section 5 provided the community liaison
consultant with several points they could use as guidance during the development of the
community engagement plan (see section 5.4), including the need for understanding:

e demographic characteristics of the residents in the local area likely to be affected and their
level of support for remedial technologies at the site (e.g. household tenure and income
level, see A1.1 and A1.2 in section 5.4).

e  Transportation of the contaminant through the local streets as part of a remedial solution
(e.g. dig and dump) is likely to affect residents’ level of support the remedial option (see
A2.1 in section 5.4).

e  Trust, including trust between the responsible party and the residents which will play a key
role in residents’ level of support for remediation technologies that are applied in the local
area (see A3.1 in section 5.4).

e  The characteristic of a remediation technology is likely to affect residents’ levels of support
for remediation technology (e.g. effectiveness, safety, containment, location, naturalness
amongst others, see A4.1 through A4.10 in section 5.4).

The community liaison officer’s attention was drawn to the fact that different types of
remediation technologies have reputational effects (stigma) which influence the level of support
received from residents (see A4.1 in section 5.4).

The community engagement plan being developed by the community liaison consultant sought
to engage with the community through a variety of channels e.g. a bi-monthly newsletter, 1800
community contact line, project website, updates in local newspapers, site tours, community
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liaison committee, planning open days, information sessions, and a six-week public exhibition of
the draft remediation options plan. The points mentioned above proved useful to the community
liaison consultant as they were investigating how they would engage with residents through the

above channels about various remediation options that may be used at the site.

For example:

¢  The evidence-base provides insight on the possible effect of transporting the contaminant
through local streets and how this might influence residents level of support for remedial
options. The community liaison consultant therefore needs to provide information about
possible remedial solutions for the site to clearly indicate if they include transportation
through local streets, as well as talking with the remediation engineers to determine if other
transport solutions might be possible (e.g. removal by barge down a river).

o  Whilst trust cannot be manufactured, the evidence-based insight that trust plays a key role
in residents’ levels of support for the application of remediation technologies. The
community engagement plan needs to set in place procedures that ensured that all
communications about the selection of remedial technologies for the site be as transparent
and well documented as possible.

e  The community liaison consultant could tailor information to reflect the characteristics of the
technologies of most importance to residents. Furthermore, the evidence-based insights
from this document outlines statements commonly used by residents to negotiate support
for different.

¢ Remediation technologies and a series of questions that residents are likely to use when
discussing the selection of remediation technologies (see A5.3 in section 5.4).

2.2 Step 2: using the guidance sections in context

The use of the evidence-based insights and questions presented in this document to
inform the development of plans for the remediation of a contaminated site needs to be
considered in conjunction with an understanding of the:

o technology types that could be used to remediate contaminants associated with
that site

e actual context of the residents who are living near that site, and
e policy context of that site.
2.2.1 Consider the technology types

The technology types envisaged in the evidence-based insights and questions in this
document have different targets, mechanisms, and capabilities. Each technology can
be used to target specific contaminants in particular settings. We worked with industry
experts to develop a high-level typology that could be used within this document:
biotechnologies, thermal technologies, chemical technologies, and physical
technologies. These remediation types are explained further in table 1.

This broad typology enables the evidence-based insights and questions in this
document to remain relevant in light of the growing diversity of remediation
technologies that are being used for the remediation of contaminated sites. In this
document, residents’ worries, and their perceptions of the risks and benefits associated
with particular technologies, and their acceptance of particular technologies, are
discussed in relation to the following four types of remediation technologies.

CRC CARE Technical Report no. 45 10
Societal perceptions on remediation technologies: Guidance for engagement with residents




Table 1. Remediation types with examples

Bioremediation

Thermal remediation

Chemical remediation

Physical remediation

The use of biological technologies in
the form of microbes, fungi or
enzymes to clean up contaminated
land and ground water.
Bioremediation technologies include:

e Microbial bioremediation (in-
situ) utilises microbial activity to
remove contaminants in
groundwater, waste or soil, and
involves delivering something that
can stimulate native
microorganisms that can degrade
contaminants, or a microbial
culture to the contaminated
medium that is capable of
degrading contaminants.

e Phytoremediation (in-situ) uses
plants to clean up contaminated
soils and groundwater. This
process takes advantage of the
ability of plants to take up,
accumulate, stabilise and/or
degrade contaminants in soil and
groundwater.

The use of heat to de-contaminate an area.

This is done onsite (in-situ) (e.g. steam
injection, resistance heating and
conductive heating) or by carrying out the
treatment of excavated soil onsite (ex-situ)
or offsite (ex-situ). In particular, thermal
treatment is used to treat recalcitrant
compounds such as persistent organic
pollutants. Thermal technologies include:

e Thermal desorption (ex-situ onsite)
involves excavating and heating soils
so that contaminants are vaporised
and then collected and treated by
other means.

¢ Incineration (ex-situ offsite) involves
excavating and heating soils so that
the contaminants are destroyed.
Thermal desorption differs from
incineration in that it does not aim to
destroy the organic matter but rather
to change the form to a more treatable
one.

e Thermal vapour extraction (in-situ)
involves injecting heat into the soil or
waste so that contaminants are
vaporised and extracting the vapour.

The use of chemical reagents to oxidise or
reduce contaminants, particularly in
groundwater, although the method can
extend to soils. There are a number of
chemical oxidants that can be used to treat
chlorinated solvents, and certain mobile
heavy metals. Chemical technologies
include:

¢ Chemical treatment (in-situ) generally
involves the injection of chemical
oxidants or reductants into groundwater
or soil, which leads to the destruction of
the contaminant or its transformation
into something safer.

¢ Nanoremediation (in-situ) involves
introducing chemical substances
containing microscopic particles called
nanoparticles to destroy or degrade the
contaminant in the soil or groundwater
to reduce contamination to an
acceptable level.

e Permeable reactive barrier (in-situ):
This approach involves introducing a
chemical treatment wall into the
groundwater flow. As contaminated
groundwater passes through the
treatment wall, the contaminants are
either trapped by the treatment wall or
transformed into harmless substances
that flow out of the wall.

The use of a range of physical techniques
such as vacuum extraction (to remove
contaminants in vapour form), soil washing,
and separation. Excavation and removal of
contaminated soil and disposal in landfill is a

very common method of physical remediation,

although the increasing costs of landfill

disposal are making this technique less widely

used. Physical technologies include:

e Encapsulation (in-situ): This technique
involves the physical isolation and

containment of the contaminated material.

The impacted soils are isolated by low-
permeability caps, slurry walls, grout
curtains, or cut-off walls.

¢ Immobilising/stabilisation (in-situ, ex-
situ) generally refers to a process that
reduces the risk posed by a waste or soil
by converting the contaminant into a less
soluble, immobile, and less toxic form.

e Mining (ex-situ onsite, ex-situ offsite)
involves excavation, screening and
separation and recycling of all old landfill
material. Unusable or contaminant-
producing materials are then stored.

e Dig and dump (ex-situ offsite) involves
the excavation and removal of the
contaminated soil from the site and its
transportation to a landfill site where it is
stored and monitored.
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Table 2. Suggestions and questions to consider when developing an understanding of the context of the plan

Consider the following in relation to residents:

Consider the area surrounding the
contaminated site:

Consider the impacts of the contaminants and

remediation technologies:

e key characteristics of the existing resident
population and the future (projected) resident
population including size, age, household
composition, socio-economic status and
ethnicity

e identification of vulnerable, disadvantaged or
at-risk groups in the local population, and

o whether the residents have already been
consulted.

Where is the site?
What is there at present?

What is in the areas around it?

Impact is about how the contaminant, or the
remediation technology might impact on community
members’ access to opportunities and resources
and how it might affect their daily lives (health,
safety, open space, transport, housing etc.).

Who will most likely be affected by the
contaminant and the remediation technology?

What is known or understood about the
sections of the community most likely to be
affected?

What will the nature of the effects be?

How do you know this is likely to happen (what
is the evidence)?

How likely is it that this will occur?
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2.2.2 Consider the residents’ actual context

When developing or reviewing plans for the remediation of a contaminated site it is
important that the evidence-based insights and questions presented in this document
be considered in conjunction with a review of the affected residents’ actual context.
This review should consider:

¢ the profile of affected residents
e the area surrounding the contaminated site, and
e the impacts of the contaminants and remediation technologies.

For greenfield and brownfield sites, it can sometimes be difficult to identify who these
residents are. They could be the existing residents near the contaminated site, future
residents, or both, depending on the lifespan of a remediation project. It is important to
understand the physical and social contexts of the residents and to identify who in
existing or future resident populations may be affected. Whilst this information can be
obtained through engagement with existing residents, it can also be obtained through
discussions with others, such as council planners, who may be able to clarify issues
about the changing residential population. Information can also be sourced on
residents through such sources as the Australian Bureau of Statistics.

Table 2 presents several suggestions and questions that can be used to develop a
better understanding of the residents’ actual context. The scale of the project will
determine the level of detail at which these questions need to be answered.

2.2.3 Consider the remediation policy and guidance context

The evidence-based insights and questions this document should be considered in
parallel with existing remediation policies and guidelines that provide guidance for the
development of plans for the remediation of specific contaminated sites. As discussed,
remediation policies and guidelines increasingly highlight the importance of considering
residents’ perceptions and experience when developing plans for management and
remediation of contaminated sites (CRC CARE 2019n). Despite these developments,
there has been little to no evidence available on residents’ perceptions and acceptance
of technologies to support this emerging policy approach. This document seeks to
address this current knowledge gap. Building on the evidence-base discussed in
section 1.2 of this document, the evidence-based insights and questions presented
here provide a means of bringing residents perceptions and preferences regarding
remediation technologies into dialogue with the practitioners who draft and implement
plans for the remediation of specific contaminated sites (Huynh et al 2017; Prior et al
2014; Prior 2016; Prior & Rai 2017; Prior et al 2017; Prior 2018). When developing
these plans, we recommend that the guidance in this document be considered in
conjunction with the National Remediation Framework and other relevant national
guidance (CRC CARE 2019n; National Environment Protection Council (NEPC) 2013).
We also recommend that the guidance in this document be considered in conjunction
with any relevant state specific remediation policies and guidelines.
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2.3 Step 3: how to use the guidance sections

Once the type of plan to be developed or evaluated has been identified, and broader
context specific information has been collected, the consultant will be ready to consider
the guidance in the form of evidence-based insights and questions.

2.3.1 Consider residents’ perceptions and acceptance

The evidence-based insights and questions in sections 3, 4 and 5 are focused on
residents’ perceptions and acceptance of remediation technologies, and do not focus
on residents’ perceptions of contamination:

e Section 3 explores how residents worry about different remediation technologies
that are being applied within their local area.

e Section 4 explores how residents perceive the risks and benefits of different
remediation technologies that are applied in their local area.

e Section 5 explores the extent to which residents accept (support + choose)
different remediation technology approaches that are applied in their local area.

In sections 3 and 4, we treat worry and perceived risk as distinct concepts. Whilst worry
and perceived risk are sometimes discussed together, given both refer to potential
negative consequences, there is strong evidence to suggest they are best treated
separately (Baron et al 2000; Loewenstein et al 2001; Schmiege et al 2009; Sjoberg
1998; Sjéberg 2004; Sjoberg 2006). Understanding that some may feel uncomfortable
developing plans that include the word worry, the word concern/concerns may be a
useful substitute.

Risk and benefit perceptions are considered together in section 4. We consider risks
and benefit perceptions together because one of the evidence-based insights (RB5.1)
presented indicates that residents’ risk and benefit perceptions are interconnected, and
that an inverse relationship exists between them. Thus technologies that are judged
high in risk tend to be judged low in benefit, and vice versa. Arguably, this inverse
relationship is indicative of an interconnection of risk and benefit in people's minds, an
interconnection linked to a person's overall evaluation of a technology (Alhakami &
Slovic 1994).

2.3.2 Consider the evidence-based insights and questions

Sections 3, 4 and 5 each contain a series of matrices containing evidence-based
insights on residents’ perceptions about remediation technologies that are applied in
their local area, and their acceptance of these remediation technologies (see sections
3.4, 4.4 and 5.4). These evidence-based insights are drawn from the evidence-base
discussed in section 1.2 of this document.

These matrices present evidence-based insights on how residents’ levels of worry, risk
and benefit perception, or acceptance for the application of a remediation technology in
their local area might be affected by the:
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e residents’ personal and demographic characteristics (e.g. gender, income,
education, children living in the home).”

e Residents’ physical context (e.g. transportation of contaminants through local
streets, sense of place, proximity, impact of contamination on daily life, amenity
impacts).?

o Institutional context, that is, the ways in which institutions engage with residents
about contaminated sites and their remediation affect residents’ perceptions and
acceptance of remediation technologies (e.g. trust, regulation, confidence in
experts, language used by organisations to communicate with residents).?

e Technology characteristics, which refers to the attributes of the remediation
technologies that affect residents’ perceptions and acceptance of those
technologies (e.g. type, containment, controllability, location, naturalness,
plausibility, and safety).*

In addition to evidence-based insights into factors that affect residents’ levels of worry,
perceived risk and benefit, and acceptance for the application of remediation
technology in their local area, these matrices also provide other evidence-based
insights, such as: the object of residents’ worries, and risk and benefit perceptions (e.g.
human health, safe ecosystem services) and how residents negotiate acceptance (e.g.
the norms and rules they might use to negotiate their support for the application of
technology in their local area).

For each evidence-based insight that is presented within the matrices we pose a
question(s) for consideration when developing and reviewing plans for the remediation
of a contaminated site. For each question, a dot in the relevant column provides an
indication of whether the question is relevant to remediation planning, to community
engagement planning, or possibly both.

For simplicity, questions are phrased in a way that might initially suggest that a yes/no

' The current focus within remediation guidelines is upon the effect of demographic characteristics on
residents’ levels of perceived risk regarding the contaminant, not upon their effect on perceptions and
acceptance of remediation technologies. These guidelines recommend that demographic characteristics
be considered in community engagement planning (CRC CARE 2019n). Demographic characteristics
considered include age, gender, education, income (CRC CARE 2019n).

2 The current focus within remediation guidelines is upon the effect of physical context on residents’ levels
of perceived risk for the contaminant, not upon their effect on perceptions and acceptance of remediation
technologies. The guidelines foreground the importance of physical context for community engagement
planning and remediation planning associated with contaminated sites. Physical context issues considered
in the current policy include amenity impacts, proximity, extent and impact of the environment
contamination on a resident’s daily life (CRC CARE 2019n).

3 Institutional context is a focus of remediation guidelines. They highlight the importance of considering the
institutional context in development of community engagement planning and remediation planning. Trust
amongst stakeholders is understood as paramount to remediation processes, as is confidence in the
experts carrying out the remediation and the way in which communication occurs during the remediation
process. Issues considered include trust, residents’ confidence in experts, language used to communicate
with residents (CRC CARE 2019n).

4 Some existing remediation guidelines briefly note that technology characteristics will affect residents’ risk
perceptions (CRC CARE 2019n). In more recent guidance, there is an increased recognition of the
importance of considering stakeholder perceptions and acceptance of remediation technologies. For
example, each of the National Remediation Guidelines for performing remediation options assessments
asks ‘is it likely that other stakeholders (such as local government or members of the public) will accept the
use of the technology, particularly those stakeholders that have a significant bearing on whether the
technology is applied at the site?’ (e.g. CRC CARE 2019a). Technology characteristics considered in
current guidance include the technologies’ effectiveness, safety, economy, containment, controllability,
location, un\proven, naturalness, duration (CRC CARE 2019a, |, j, k, I, 0).
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answer is expected, however, this is not the intention. Mostly there will not be a
categorical yes/no response and often the context, complications and uncertainties will
necessitate contingent answers. The extent to which sections 3, 4 and 5 are used will
depend on the experience of the individual user and the nature of the plan being
developed or reviewed.

The nature of the evidence-based insights and questions presented in this document
means that there may be overlapping and interrelated issues across the sections. This
has led to some repetition of questions across sections. For example, issues to do with
trust are relevant to residents’ worry, risk and benefit perceptions, and their acceptance
of remediation technologies. This is considered to be a positive feature as it serves to
reinforce key issues and emphasise the interrelated nature of the diverse factors that
affect residents’ perceptions and acceptance of remediation technologies.

2.3.3 Consider how you will use the evidence and questions

The evidence-based insights and questions presented in sections 3, 4 and 5 are
primarily intended to assist the responsible party, remediation service providers,
auditors, local government, health professionals and environmental regulators to
develop and review plans for remediation using an evidence-based understanding of
residents’ perceptions and acceptance of remediation technologies. While there is an
emphasis on using these sections for the development and review of plans, it is
important to recognise that there may also be circumstances where the evidence-
based insights and questions are used to inform participation in meetings, discussions
and workshops where the focus is on verbal advice and dialogue.

There is no single way in which the evidence-based insights and questions presented
here may be used in plans. The development of plans derived from the evidence-based
insights and questions in these sections requires careful consideration. If providing
advice on a plan, it is advisable to speak with the person who will be the recipient of the
advice when you have a reasonable idea about what your advice will include. It is
important to ensure that the advice will be useful and relevant, especially if it is not
entirely supportive of the plan in question. Using evidence to support recommendations
is important.

2.4 Quick guide to this document

Table 3 is a quick guide, developed for users of this document to simultaneously obtain
an overview of the key steps for preparing to use sections 3, 4, and 5 and an overview
of the content of these sections. Table 3 includes references to sections and matrices
(and questions within the matrices) referred to in figure 2. Purple coding refers to
considerations explained in section 3 (worry), orange refers to section 4 (risk and
benefit perceptions), and green refers to section 5 (acceptance).
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Table 3. Quick guide

Step 1: when and where to use the guidance sections

Remediation planning for specific sites

O

Sect 2

Community engagement planning for specific sites

O

Are you seeking to use the guidance to inform the plan in one of the following ways:

to provide advice or input during the developmental phase

Ol
of the plan
. to assist with providing comment on a drafted plan (e.g. by
EPA representatives or local councils to responsible Ol

parties)

Step 2: using the guidance sections in context

Which types of technologies are being considered in the plan:

e  bioremediation Ol
e  thermal remediation Ol
e  chemical remediation Ol
e  physical remediation. Ol
Have you considered the residents’ actual context:

. profile of residents living near site Ol
. profile of the site and area surrounding the site Ol
. profile of the impacts of the contamination and remediation 0

on the residents.

Have you considered the policy context:

. National and state policy and guidance Ol
. National Remediation Framework Ol

Step 3: using the guidance sections

. worry about technologies ‘ Sect 3
) . Sect
. perceived risks and benefits of technologies ‘ 4ec
. Sect
. technology acceptance (choice + support) i 5
Consider the evidence-based insights and questions within the guideline sections
Does the plan consider resident’s personal and W1 A1
demographic characteristics:
. gender effects on residents’ perceptions ‘ W1.1 ‘
e age effects on resident’s perceptions ‘ Ww1.2 ‘
. income effects on resident’s perceptions and acceptance W1.3 A11
. household tenure (rent or own) affects resident’s A1.2
acceptance '
. the effects of having children living in a household on a W14
resident’s perceptions '
. the effects of personal motivational values on resident’s A13
acceptance '
Does the plan consider the residents physical context: ‘ w2 ‘ A2
. impact of the contamlnant on the daily life of residents W2.1 RB2.1
affects their perceptions
. exteht to.whlch the tran.sporta’tlon of thg contaminant W2.2 RB2.2 A21
medium impacts on residents’ perceptions and acceptance
. how a resident’s sense of place affects their perceptions ‘ w2.3 ‘
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Does the plan consider the institutional context: w3 RB3 A3
. the effect of residents’ general trust in others on their RB3 1 A3
perceptions and acceptance ' '
. the effect of resident’s collective trust in companies, W31 RB3.2
research institutions and government on their perceptions ' '
. j[he extent t(? which a're5|dent s confidence in experts W3.2 RB3.3
impacts their perceptions
. the Ianguage used to engage with residents affects their W3.3 RB3.4
perceptions
Does the plan consider the technology characteristics: w4 RB4 A4
. different types of technologies and reputational effects W41 RB4.1 A4.1
. technologies based on their effectiveness W4.2 RB4.2 Ad4.2
. technologies based on their safety RB4.3 A4.3
. technologies based on their economy w4.3 Ad4.4
. technologies based on their containment W4.4 RB4.4 Ad.5
. technologies based on their controllability w4.5 RB4.5
. technologies based on their location W4.6 RB4.6 A4.6
. technologies based on whether or not they are understood Wa.7 A4T
as proven to work
. technologies based on their duration w4.8 A4.8
. technologies based on their naturalness w4.9 RB4.7 A4.9
. technologies based on their plausibility W4.10 A4.10
Does the plan consider how residents’ worry about W5
technologies generally impact them:
. worry as a community impact W5.1
. supporting problem solving in the community W5.2
. worry about technology’s impact on human health and W5.3
wellbeing ’
. technology’s impact on the environment (local ecosystem W5.4
and ecosystem services) '
. technology’s social and economic side effects W5.5
Does the plan consider how residents assess the risks and
benefits from technologies, and how they balance those RB5
risks and benefits:
. inverse relationship between residents’ perceived benefits RB5.1
and risks for technologies '
. human health and wellbeing as a beneficiary and/or risk RB5.2
receptor of remediation technologies '
e the environment as a beneficiary and/or risk receptor of RB5.3
remediation technologies '
e trade-offs between risk and benefit types RB5.4
Does the plan consider the way in which residents weigh up
their support for technologies, and the statements they use A5
to provide or withhold their support:
. weighing up risks and benefits A5.1
. assessing environmental improvements and human health A5.2
improvements '
. statements residents use for negotiating support A5.3
. statements residents use for not negotiating support A5.4
. possible social sanctions imposed by residents that A5.5
generate socio-political risks for the remediation process '
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3. Residents’ worry about remediation technologies

Introduction

The matrices set out in section 3.4 of this section present evidence-based insights that
are drawn from a study of residents living near thirteen contaminated sites in Australia,
which explored residents’ worries about the application of remediation technologies in
their local area (Prior et al 2017). Within the matrices, the evidence-based insights are
linked to a series of questions that can be considered when developing plans for the
remediation of specific contaminated sites.

Before presenting the matrices, section 3.2 discusses why consideration might be
given to residents’ worries about technologies when developing plans, and section 3.3
provides a brief overview of the evidence-based insights and questions that are laid out
in the matrices.

3.2 Why consider residents’ worries?

Whilst worry is not currently explicitly mentioned in remediation policies and guidelines,
these policies and guidelines talk about stress and other psychological states such as
anxiety that are often associated with worry (Heath et al 2010). The EnHealth
Environmental Health Risk Assessment guidelines state that ‘high levels of stress ...
[or] concern ... are bound to make the already complex task of risk communication
[within such contexts as contaminated site management and remediation] more
difficult’ (EnHealth 2012, p.89). Furthermore, the CRC CARE Engaging the Community
handbook notes that ‘heightened stress and anxiety to the point of “dread” may be
observed in [groups affected by contaminated sites]’ (Heath et a/ 2010, p. 7).

Residents’ worry has been included in this document for several reasons:

e Firstly, to encourage the consideration of residents’ worry about technologies when
planning for the remediation of specific contaminated sites, because it is important
to ‘recognis[e] that the psychological needs of the community are as important as
the scientific and technical risks’ when dealing with contaminated sites (Heath et al
2010, p. 9).

e Secondly, engagement with residents’ worry about technologies through planning
can be used to support residents in their attempts to address their concerns about
the application of those technologies given that a function of worry like other forms
of anticipatory cognition is to propel people to seek out information that will help
them address their concerns (Bechara et al 1997; Borkovec et al 1983; Peters et al
2006; Tallis et al 1994; Waters 2008). As MacGregor has suggested: ‘we [can]
master or make controllable [risks] because we invest a great deal of worry in
them’ (Macgregor 1991, p. 321).

We understand that some may feel uncomfortable developing plans that use the word
worry. If this is the case, we suggest that concern/concerns may be useful substitutes.
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3.3 Overview of evidence-based insights and questions

Matrices W1, W2, W3, W4, and W5 in section 3.4 present evidence-based insights on
how residents’ worry about the application of remediation technologies in their local
area. The evidence-based insights are drawn from a detailed study of 2009 residents
living near thirteen contaminated sites in Australia (Prior et al 2017). Within this study,
worry and perceived risk were understood as distinct concepts. Whilst worry and
perceived risk are sometimes discussed together, given both refer to potential negative
consequences, there is a strong argument for treating them differently (Baron et al
2000; Loewenstein et al 2001; Schmiege et al 2009; Sjoberg 1998; Sjoberg 2004;
Sjoberg 2006). Within this study, worry was understood as a cognitive as well as
emotional process that can be shaped by a residents socio-demographic background,
their physical context, the way in which they engage with institutions, and the
characteristics of the remediation technology that may be applied in their local area
(Borkovec et al 1983; Macgregor 1991). For example, the degree to which a resident
might worry about the upcoming application of a remediation technology in their local
area is likely to vary based on the residents socio-demographic background, that is,
their gender, age and income.

Matrices W1, W2, W3, and W4 present evidence-based insights on how residents’
levels of worry for the application of a remediation technology in their local area might
be affected by the:

e residents’ personal and demographic characteristics (see matrix W1)
e residents’ physical context (see matrix W2)

e institutional context in which the resident engages during the remediation (see
matrix W3), and

e characteristics of the remediation technologies that might be used in their local
area (see matrix W4).

Finally, matrix W5 presents evidence-based insights on how resident’s worries about
remediation technology affects them (avoidance, problem solving, health impacts) and
what they worry about.

For each evidence-based insight that is presented within the tables we pose a
question(s) for consideration when developing and reviewing plans for the remediation
of a contaminated site. For each question, we provide an indication, with a dot in the
relevant column, of whether the question is relevant to remediation planning, to
community engagement planning, or possibly both.

Figure 4 presents an overview of the topics addressed in the evidence-based insights
and questions presented within each of the matrices within this section and their
relationship to the resident’s process of worry about the application of remediation
technologies in their local area.
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PREDICTORS OF RESIDENTS’ LEVEL OF WORRY ABOUT THE APPLICATION
OF REMEDIATION TECHNOLOGIES

Personal and Physical Institutional Technologies’
demographic context context characteristics
characteristics
* Gender » Contaminant at * Trust in * Type
* Age site featured in companies, « Effectiveness
* Income residents life research * Economy
* Children at * Transportation institutions and » Containment
home and proximity government « Controllability
(see matrix W1) of contaminant + Confidence * Location
* Sense of place in Experts * Unproven
(see matrix W2) » Language used * Duration
to communicate * Naturalness
with resident * Plausibility

(see Matrix W3)

(see matrix W4)

Residents’ worry about remediation technologies

Residents’ worry about impacts of
technologies on their life and
environment (see matrix W5)

Impacts of worry on residents’
problem solving and health
(see matrix W5)

Figure 4. Overview of the topics discussed in the five matrices within this section and their

relationship to the resident’s process of worry about the application of remediation technologies in
their local area.
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Matrices of evidence-based insights and questions to support plan development

Matrix W1. Does the plan consider how residents’ worries about technologies are impacted by their personal and demographics characteristics?

Sl Remediation
Code | Evidence-based insights Questions engagement lannin
planning P 9

Gender: Gender influences the degree to which people worry about the Does the plan consider that worry
W1.1 application of remediation technology. Males are less likely to be worried about remediation technology is L

than females about remediation technologies (Prior et al 2017). affected by gender?

Age: The matL.lrlty. of people mflugnces the degree.to which they worry Does the plan consider that a

about the application of remediation technology, with those aged over 75 . , . ®
W1.2 : . N - . resident’s age affects their level of

likely to be less worried about the application remediation technologies worry about remediation technologies?

than younger residents (Prior et al 2017). Y gles:

Income:. Inc.ome level mflugnces the degree to which people worry gbout Does the plan consider that

the application of remediation technology. People earning incomes in the . . .

. . communities earning lower incomes

lowest bracket ($0—$40K annual household income) are likely to be more ) P
W1.3 . . L . . are more likely to worry about the

worried about the application of remediation technologies than those in - . .

) . . . application of remediation technologies
the highest income cohort ($120K+ annual household income) (Prior et al . .
than those on higher incomes?

2017).
W1.4 Children in the home: Having children living at home was found to Does the plan consider how household

influence the degree to which people worry about the application of composition may affect resident’s

remediation technology. People with children at home are more likely to worries about the application of L

be worried about the application of remediation technologies than those remediation technologies, in particular

without (Prior et al 2017). the presence of children?
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Matrix W2. Does the plan consider how residents’ worries about technologies are impacted by their physical context?
Community Remediation
Code | Evidence-based insights Questions engagement .
planning planning
Extent to which the contaminant has impacted the daily life of the
resident: The extent to which the contaminant impacts on the daily life of | Does the plan consider the extent to
the resident at home and in the local community influences the degree to | which the contaminant impacts on the
W2.1 which they worry about the application of remediation technology. Where daily lives of residents? How does this L [
contamination at the local site features in the daily life of a resident, they impact affect a resident’s level of worry
are more likely to be worried about the application of remediation about technologies?
technologies (Prior et al 2017).
Transportation through local streets: Transportation of contaminant
materials influenced the degree to which residents worried about the Will transportation of the contaminant
application of remediation technology. While some respondents opposed be required? Will it be transported past
W2.2 transporting contaminated material largely because transportation can put | the resident’'s home? Or past sensitive ® ®
these materials in relatively close contact with their homes, families and sites? Does the plan consider how this
community, others supported transportation of the contaminated medium impact may affect a resident’s level of
as a means of removing it from their local area (Erkut & Verter 1995; worry about technologies?
Greenberg et al 2002, 2011; Macgregor et al 1994; Prior et al 2017).
Resident's sense of place: A resident’s level of worry concerning the
application of remediation technologies in their local area was influenced How attached are residents to the local
by their sense of place — ‘the affective relation or emotional bonds that ... | area (is it a well-established
[they] have with places that they live’ (Bonaiuto et al 2002, p. 636; Wester- | community or a greenfield site)? Do
W2.3 Herber 2004). Research indicates that residents’ sense of connection to they feel that they have a strong ®
the local community and environs have an effect on the degree to which attachment to place? Have you
they worry about the application of remediation technology. Those who felt | considered in your plan how this may
a connection to their local community and environs are more likely to be affect their level of worry about the
worried about the application of remediation technologies than those who | application of technologies?
did not (Prior et al 2017).
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Matrix W3. Does the plan consider how residents’ worries about technologies are impacted by the institutional context?
Community Remediation
Code | Evidence-based insights Questions engagement lannin
planning P 9
Combined trust in companies, research institutions, and
governments: Peoples’ collective trust in companies, research Does the plan consider that a
institutions, and government influences the degree to which they worry resident’s worry about technology
about the application of remediation technology. People who are less applications is closely linked to their
W3.1 trusting of companies and industry organisations, scientific organisations level of trust in the organisations that L
such as universities and the CSIRO, government agencies and regulators, | are responsible for the regulation and
are more likely to be worried about the application of remediation implementation of remediation
technologies. Those who have greater trust in these types of technologies at a site?
organisations are less likely to worry about remediation technology.®
Confidence in experts: Residents who believe that experts know how Does the plan consider that a
best to manage technologies — that is, those who have confidence in resident’s worry about technology
W3.2 experts — are less likely to worry about the application of those application is closely linked to their L
technologies than those who have diminished confidence in experts (Prior | confidence in the experts carrying out
et al 2017). the remediation?
Language used in communication with residents: The evidence Does the plan consider that the
suggests that the sole use of English as a tool for communicating about language used to communicate with
W3.3 technology applications may lead to increased worry about remediation residents will affect their level of worry L
technology applications among those residents who speak English as a about remediation technologies? What
second language (Prior et al 2017). are the prominent languages spoken

5 Study respondents provided insights into why their combined trust in businesses, scientific institutions or government played a key role in alleviating or generating worry. Government
was seen as the ultimate regulator of technologies, companies as the implementers, and scientific institutions as key knowledge holders. Together, these three organisational
types were thought to support the three key services that are needed for the effective application of remediation technologies to a local context: regulation, implementation and
knowledge. Distrust in any of these organisations (although to a lesser extent scientific institutions) brought into play uncertainties about one or more of the key services that were
required to implement remediation technologies effectively, the result being that residents were unable to use their trust of these organisations as a means to shut down or ameliorate
their worry over the remediation technologies (Prior et al 2017).
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by affected residents? Have you
considered using these languages in
key communications with residents?
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Matrix W4. Does the plan consider how residents’ worries about a technology are impacted by the technology’s characteristics?

Sl Remediation
Code | Evidence-based insights Questions engagement lannin
planning P 9
Type: Resident i t th lication of chemical . .
ype . §S|den s are more worried aboy .e applica |9n of chemica Does the plan consider how residents
remediation technologies than the application of physical and thermal . .
W41 o . C might worry about different technology L ®
remediation technologies, which in turn causes more worry than the tVpes?
application of biotechnology (Prior et al 2017). ypes:
Effectiveness: Residents worry about the effectiveness of a remediation | Does the plan consider how residents
W4.2 technology, in particular the application’s ability to either mitigate the risk might worry about the effectiveness of L [
of the contaminant or remove 100% of the contaminant (Prior et al 2017). | the selected technology option?
Economy: The economy of the remediation technology is a source of
f idents. Residents’ tions of a technology’ . .
worry for some residents. Residents’ perceptions of a technology’s Does the plan consider how residents
economy are not concentrated solely on the monetary cost of the )
w4.3 ) . . might worry about the economy of the L ®
technology; they are also concerned with the environmental costs and .
) . . selected technology options?
benefits of a technology stemming from waste production, energy usage
resource usage, and greenhouse gas emissions (Prior et al 2017).
Containment: Residents worry about the containment of the contaminant
during the application of the remediation technologies, and the side effects
and by-products of the remediation technology and its potential to become
a ‘future contaminant too’. Containment was one of the most frequently Does the plan consider how residents
W44 stated sources of respondents’ worries concerning thermal and physical might worry about a technology’s ® Py

technology types. For physical technology applications, worries were
focused on the ability of technologies such as encapsulation or
immobilisation to conceal, contain and hold the contaminated material. For
thermal technology applications respondents’ worries focused on the
containment of vapours (Prior et al 2017).

ability to contain the contaminant or its
possible side effects?
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W4.5

Controllability: The degree to which a resident agreed with the
proposition technologies are out of control affected their worry about the
application of remediation technology. Those residents who agreed that
technology is out of control are significantly more likely to be worried
about the application of remediation technologies. Reflecting the findings
within this study, people’s worry about technology has been found to be
characterised by the level of control that people believe society or science
has over those technologies (Prior et al 2017).

Does the plan consider how residents
might worry about the controllability of
the technology options?

W4.6

Location: The location (onsite in-ground, onsite out-of-ground, offsite) of
remediation technology applications has a highly significant effect on the
degree to which residents worry about the application of remediation
technology. Residents’ stated preferences for remediation location (onsite
in-ground, onsite out-of-ground, offsite) are consistent with their
responses to specific remediation technology applications, in the sense
that respondents who are more supportive of offsite treatment are
significantly less likely to be worried about offsite remediation technology
applications. Location is more frequently stated as a source of worry when
residents are asked to consider technologies that involve ex-situ offsite
treatment or storage (see incineration and dig and dump in table 4).
Conversely fewer residents stated that location is a source of worry about
in-situ and ex-situ onsite technologies (e.g. permeable reactive barrier,
stabilisation, nanoremediation in table 4) (Prior et al 2017).

Does the plan consider how residents
might worry about the location of
technology options?

w4.7

Proven/unproven: Residents worry about whether remediation
technologies have been proven, whether they have been tested first,
trialled or researched and whether there is evidence of success (Prior et al
2017).

Does the plan consider how residents
might worry about emergent
technologies because they are
perceived to be unproven?
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Duration: The duration of a remediation technology application is a
source of worry for residents. Worry about the duration of the application

Does the plan consider how residents

w4.8 has two notable emphases: the time that it takes to complete the might worry about the duration of the

remediation, and whether the remediation technology is potentially application of the technology types?

transferring the problem to future generations (Prior et al 2017).

Naturalness: Residents who agree that natural methods should be used

in remediation are more likely to be worried about the application of

remediation technologies. This finding reflects broader technology

research that has identified naturalness as an important factor that Does the plan consider how residents
Ww4.9 influences people’s perception of technologies. The importance of might worry about the perceived

naturalness is not only a significant predictor for worry about all naturalness of the technology type?

remediation technologies, with worry most acutely associated with

chemical technologies and least for bioremediation technologies (Prior et

al 2017).

Plausibility: The perceived plausibility of a remediation technology

application is a source of worry for residents. Plausibility is a more Does the plan consider how residents
W4.10 | frequently stated source of worry for residents who are asked to consider | might worry about the plausibility of

what they perceived as emergent technologies (see phytoremediation and
nanotechnology in table 4) (Prior et al 2017).

different technology types?
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Table 4. Characteristics of the technology applications most commonly identified as worrying residents.

Characteristics of the remediation technology most

commonly identified as worrying to residents

” - >, 7
N c = 0]
e > g 2 S % [
Remediation Type of Location of Q £ £ = S o S s 5
technology Remediation contaminant | technology B g 2 = g 2 ® T 2
type technology application | medium application 5 S 8 8 9 5 a 5 =
Thermal vapour extraction ~ Soil, waste In-situ ° ° ° °
Thermal Thermal desorption Soil Ex-situ onsite * ° ° °
Incineration Soil Ex-situ offsite * ® ® ° °
Chemical treatment Groundwater, In-situ/ex-situ ° ° ° °
general soll onsite
Chemical Nanoremediation Soricl)undwater, In-situ * ® ® ®
Permeable reactive Groundwater  In-situ * ° ° °
barrier
. ) In-sit -sit
Encapsulation Soil n-situ/ex-situ ° ° ° °
onsite
Dig and dump Soil Ex-situ offsite ° ° ° °
Physical
Stabilisation Soil, waste In-situ * ® ® ®
Mining Soil, waste Ex-situ onsite, ex- . . . .
situ offsite
. L - Groundwater, . ° ° ° °
Microbial bioremediation . In-situ
. soil, waste
Bio Groundwater
Phytoremediation <ol * In-situ * ® ° °
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Matrix W5.

Does the plan consider how residents’ worries about technologies impact them? And what perceived impacts from technologies worry them?

Sl Remediation
Code | Evidence-based insights Questions engagement lannin
planning P 9
Worry as a community impact: Whilst the negative effects of worry may
not be as immediately obvious or tangible as other effects stemming from | Is the plan sensitive to the broader
remediation technology applications such as traffic generation, noise and effects that the application of
WS5.1 . L R . - o o o
nuisance, they fit within a broader definition of impact and arguably trigger | remediation technologies might have
the right for affected local communities to be engaged in decisions about on residents?
remediation processes in their local environs (Prior et al 2017).
Supporting problem solving in the community: A key reason for DO?S the plan con3|de.r the worries of
. . . ) . L L . residents about remediation
engaging with residents’ worry is for remediation practitioners to provide . .
. . . technologies, and does it seek to
W5.2 knowledge or help to facilitate the problem solving, helping prepare the . ) L o
: o . . . provide guidance that can help them
residents for stressful situations by arousing/strengthening coping . . .
. . cope with and resolve their worries
strategies (Prior et al 2017). - .
about remediation technologies?
Does the plan consider the worries for
Worries about technology’s impact on human health and wellbeing: | hyman health and wellbeing held by
residents worry about the adverse impacts that remediation technologies | residents about remediation
could have on human health, with concern for vulnerable populations (e.g. | technologies and seek to provide
children, elderly, pregnant women). This is particularly true for chemical guidance that can help them cope with
W5.3 | (especially nanotechnologies) and thermal remediation technologies, and resolve those worries? o ®
which people worry might exacerbate the adverse effects of the _
contaminant. Biotechnological remediation, particularly phytoremediation, DOG? the plan consider how these
is more likely to be seen as safe to residents’ health than any other worries related to key human health
technology (Prior et al 2017). impacts that the community may face
because of remediation technologies?
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Technology’s impact on the environment: Residents worry about the
effect of remediation technologies on the environment (though this is less
of a worry for most residents than human health). Particular worries
include adverse impacts to the:

e soil and water (e.g. bore water, bays, rivers, plumes, groundwater, or

Does the plan consider the worries for
human health and wellbeing held by
residents about remediation
technologies and seek to provide
guidance that can help them cope with

W5.4 drinking water) by chemical .and thermal technologies and resolve those worries?
e atmosphere (e.g. vapours, fire, odour, gas, fumes) by thermal
technologies Does the plan consider how these
e flora and fauna (e.g. marine life, fungi, bacteria) by biotechnologies, | worries related to key environmental
chemical technologies and thermal technologies, and impacts that the community may face
e built environment (e.g. bridge, home, house, earthworks, manmade | because of remediation technologies?
structure) by physical technologies (Prior et al 2017).
Technology’s social and economic side effects: While residents were
aware that remediation may be economically beneficial for communities,
for example by generating local employment, and in the longer term by
increasing the use options and value of land, they were also worried about | P0€s the plan consider the worries for
the negative effects that remediation technologies might have on social social and economic side effects held
and economic opportunities both now and in the future. Echoing other by residents about remediation
studies, residents were concerned about the immediate side effects technologies and seek to provide
remediation technology might have on local economic and social guidance that can help them cope with
W5.5 and resolve those worries?

opportunities. For example, odour, increased traffic, dust, and closure of
local amenities. Residents were also concerned about whether or not the
selection of different technologies would have longer-term economic
impacts on residents and the community. For example, residents were
worried about the social and economic effects that physical remediation
technologies might have on the public’s use of their local amenities (e.g.
restricted access to a park or limited use rights to land) (Vodouhe & Khasa
2015; Prior et al 2017).

Does the plan consider the most likely
social and economic side effects that
the community may face because of a
remediation technology?
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4. Residents’ perceptions regarding the risks and
benefits associated with remediation technologies

Introduction

The matrices set out in section 4.4 of this section present evidence-based insights that
are drawn from a study of residents living near thirteen contaminated sites in Australia,
which explored residents’ risk and benefit perceptions about the application of
remediation technologies in their local area (Prior & Rai 2017). Within the matrices the
evidence-based insights are linked to a series of questions that can be considered
when developing plans for the remediation of specific contaminated sites.

Before presenting the matrices, section 4.2 discusses why consideration might be
given to residents’ risk and benefit perceptions about remediation technologies when
developing plans, and section 4.3 provides a brief overview of the evidence-based
insights and questions that are laid out in the tables.

4.2 Why consider residents’ risk and benefit perceptions?

Risk perception is a key focus of remediation policies. These policies advocate for its
consideration in both community engagement planning and remediation planning.
Remediation policies recognise that all stakeholders, both expert and non-expert, will
have perceptions of risks, and that these perceptions need to be considered during the
development of remediation approaches (Heath et al 2010). These risk perceptions are
‘influenced by emotion, beliefs and their views of the world’ (EnHealth 2012, p. 89).
Residents tend to perceive risk based on magnitude rather than probability

(Heath et al 2010). The National Environment Protection Council’'s Guideline on
Community Engagement and Risk Communication and the National Remediation
Framework Guideline on Stakeholder Engagement are both primarily concerned with
risk perception and communication (CRC CARE 2019I; NEPC 2013). While these
documents tend to focus on risk perceptions associated with the contaminant, recently
some remediation guides, such as the National Remediation Framework guideline for
Performing Remediation Options Assessments and the Sustainable Remediation
Forum of Australia and New Zealand A Framework for Assessing the Sustainability of
Soil and Groundwater Remediation, have begun to focus more explicitly on the
perceived risks associated with the remediation technology and their application, the
remedial solution will have a level of risk associated with it and that risk must be
acceptable to various stakeholders critical to the decision making process for the
project (CRC CARE 2019I; Sustainable Remediation Forum Australia, CRC CARE &
Australasian Land and Groundwater Association 2011a; Sustainable Remediation
Forum Australian And New Zealand 2012d)

Benefit perception is an emergent focus within remediation policy, which advocates its
consideration within both community engagement planning and remediation planning
(Sustainable Remediation Forum Australian And New Zealand 2012a, 2012d). Based
on broader risk and benefit research, these policies assert that benefit perceptions
affect risk perceptions and the acceptance of remediation approaches. The CRC CARE
Engaging the Community handbook very briefly refers to the importance of benefit
perceptions, noting that ‘groups with positive attitudes ... will commit to change if they
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see the benefits of a planned project’ (Heath et al 2010, p. 61). The National
Remediation Framework Guideline on Stakeholder Engagement, while focused
primarily on risk perception, notes that perception of risk is likely to be lessened when
there are clear benefits (CRC CARE 2019n). More recently, the National Remediation
Framework Guideline on performing remediation options assessments highlights the
importance of considering ‘benefits beyond reducing or controlling the unacceptable
risks on site as an objective when developing remediation plans’ (CRC CARE 2019, p.
5). Similarly, sustainable remediation guidelines suggest that consideration should be
given to a planning horizon over which benefits are considered — whether it is ten
years, one generation or 100 years (Sustainable Remediation Forum Australia,

CRC CARE & Australasian Land and Groundwater Association 2011a).

These existing policies do not, however, provide any guidance on what might influence
risk and benefit perceptions or guidance on how to determine what residents’ risk and
benefit perceptions of these technologies are.

4.3 Overview of evidence-based insights and questions

Matrices RB1, RB2, RB3, RB4 and RB5 in section 4.4 of this section present evidence-
based insights into residents’ risk and benefit perceptions about the application of
remediation technologies in their local area. The evidence-based insights are drawn
from a detailed study of 2009 residents living near thirteen contaminated sites in
Australia (Prior & Rai 2017).

Within this section residents’ perceptions of the risks associated with a remediation
technology are understood as being subjectively defined by individuals (Beck 1992;
Finucane et al 2000; Slovic et al 1980, 1991; Slovic 2001). Furthermore, residents’
perceptions of benefits are understood as their perceptions of the positive
consequences of applying a remediation technology. The scope of these benefits
extends beyond reducing or controlling the immediate unacceptable risks of an
environmental contaminant to broader benefits such as land use opportunities that not
only benefit current but also future generations (Leung 2013).

One evidence-based insight (RB5.1) presented within matrix RB5 indicates that
residents’ risk and benefit perceptions are interconnected, and that an inverse
relationship exists between them, such that technologies that are judged high in risk
tend to be judged low in benefit, and vice versa. Based on this evidence it could be
argued that this inverse relationship is indicative of a connection between risk and
benefit in people's minds, and that this connection is linked to their overall evaluations
of a technology (Alhakami & Slovic 1994). In other words, people fail to distinguish
between the dimensions of risks and benefits. This inverse relationship is the reason
why risk and benefit perceptions are included in the same section.

The evidence-based insights presented in the matrices provide an awareness of how
residents’ risk and benefit perceptions about remediation technologies are influenced
by a residents socio-demographic background, their physical context, the way in which
they engage with institutions, and the characteristics of the remediation technology that
may be applied in their local area (Prior & Rai 2017). For example, a resident might
perceive a greater risk about the upcoming application of a remediation technology in
their local area than other residents because the contaminant has had a greater impact
on their daily life than it has had on the lives of other residents (see evidence-based
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insight RB2.1).

Matrices RB1, RB2, RB3, and RB4 present evidence-based insights on how residents’
levels of perceived risks and benefits for the application of remediation technologies in
their local area might be affected by the:

e residents’ personal and demographic characteristics (matrix RB1)
e residents’ physical context (matrix RB2)

e institutional context in which the resident engages during the remediation (matrix
RB3), and

e characteristics of the remediation technologies that might be used in their local
area (matrix RB4).

Finally, matrix RB5 presents evidence-based insights on the types of risks and benefits
that residents associate with remediation technologies, how residents’ perceived risks
and benefits related to each other, and how residents balance those perceived risks
and benefits.

For each evidence-based insight presented within the matrices we pose a question(s)
for consideration when developing or reviewing a plan for the remediation of a
contaminated site. For each question we provide an indication, with a dot in the
relevant column, of whether the question is relevant to remediation planning, to
community engagement planning, or possibly both.

Figure 5 presents an overview of the topics addressed in the evidence-based insights
and questions presented within each of the matrices within this section and their
relationship to how resident’s perceive risks and benefits about the application of
remediation technologies in their local area.

Tables 5, 6, 7, 8 referred to in the following matrices present useful information on:

e characteristics of different technology applications that residents most
commonly identify as influencing perceived risks and/or benefits for human
health (table 5)

e characteristics of different technology applications that residents most
commonly identify as influencing perceived risks and/or benefits for the local
environment (table 6)

e commonly reported types of perceived risk and benefit balances mentioned by
residents (table 7), and

¢ risks and benefits that residents associate with remediation technologies
(table 8).
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PREDICTORS OF RESIDENTS’ LEVEL OF RISK OR BENEFIT
PERCEPTION FOR THE APPLICATION OF REMEDIATION TECHNOLOGIES

Personal and Physical Institutional Technologies’
demographic context context characteristics
characteristics
No predictors » Contaminant at B General trust *» Type
were identified site featured in |* Trust in « Effectiveness
(see matrix RB1) resident’s life companies, + Safety
* Transportation research +» Containment
and proximity of institutions, and * Location
contaminant government « Controllability
(see matrix RB2) |+ Confidence in * Naturalness
experts (see matrix RB4)
* Language
used to
communicate
with resident

(see matrix RB3)|

Residents’ assessment of their perceived risks and benefits about remediation
technologies for human health and the local environment (See matrix RB5)

Risk receptors
and beneficiaries:

* Resident health
(e.g. residents, vulnerable
populations)

* Workers health

* Local ecosystem services
(e.g fresh water, land-use,
clean air)

* Local ecosystem

Risk and benefit types
(see table 8):

* Risks and benefits
to public health

« Risks and benefits
to workers health

* Risks and benefits to

local ecosystem services

» Risks and benefits
to local ecosystem

Balances (see table 7):

* Human vs. local ecosystem

* Public vs. workers health

*» Species vs. species

* Current generation vs.
intergenerational

(e.g. flora, fauna, bacteria, fungi)

Level of perceived
risk of technology

| ~ Level of perceived 7
INVERSE RELATIONSHIP benefit of technology

Figure 5. Overview of the topics discussed in the five matrices within this section and their
relationship to how residents perceive risks and benefits about the application of remediation
technologies in their local areas
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4.4 Matrices of evidence-based insights and questions to support plan development

Matrix RB1. Does the plan consider how residents’ risk and benefit perceptions about technologies are impacted by their demographics and personal characteristics?

Code

Evidence-based insights

No demographic predictors were identified: The findings suggest that
residents living near contaminated sites do not perceive risks or benefits
for remediation technology application differently because of a range of
demographic factors: resident’s gender, income, age, home ownership,
having children and education (Prior & Rai 2017). This aligns with a lot of
broader technology research which has found that few personal or
demographic characteristics show a systematic pattern in risk or benefit
perception (Brody 1984; Ho et al 2011, 2013; Lee et al 2005; Miller &
Kimmel 2001; Siegrist 1998, 2000). The fact that no significant
relationship was found between a resident’s gender and risk or benefit
perception is more unusual, although not all technology research has
shown a significant relationship between gender and risk and benefit
perceptions (Satterfield et al 2009).

Communit o
: y Remediation
Questions engagement .
. planning
planning

No question is provided because
demographic characteristics did not
influence residents’ perceptions in the
study on which the guidelines are
based.
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Matrix RB2: Does the plan consider how residents’ risk and benefit perceptions about technologies are impacted by their physical contexts?

Code

RB2.1

RB2.2

Evidence-based insights

Extent to which the contaminant has impacted the daily life of the
resident: The extent to which the contamination at the local site impacted
a resident’s daily life influenced the level of risk that they believed
remediation technologies posed to human health and to their local
environment. Those who believed that contamination at the local site
featured in their daily lives, perceived greater risk from the use of
remediation technologies to human health and to the local environment.
However, the belief that contamination at the local site features in one’s
daily life did not influence residents’ perceptions regarding the benefit to
human health or the environment from the technology (Prior & Rai 2017).

Transportation through local streets: Concern for the transport of
contaminated material through local streets influenced the level of
perceived risk and benefit residents thought remediation technologies
posed to human health and to their local environment. Those who
expressed concern over contaminants being transported through local
streets were likely to perceive higher risk in the use of remediation
technologies, to both human health and the local environment.
Conversely, these individuals were less likely to perceive benefits of
remediation technologies to either residents or to the environment
(Prior & Rai 2017).

Questions

Does the plan consider the extent to
which the contaminant impacts on the
daily lives of residents? How does this
impact affect a resident’s level of risk
for technologies?

Will transportation of contaminated
material be required? Will the material
be transported past a resident’s home
or past sensitive sites (e.g. schools,
childcare centres)? Does the plan
consider how the transportation of the
material may affect a resident’s
perceptions of the levels of risk and
benefit associated with particular
technologies?

Community
engagement
planning

Remediation
planning
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Matrix RB3: Does the plan consider how residents’ risk and benefit perceptions about technologies are impacted by their institutional context?

Code

RB3.1

RB3.2

Evidence-based insights

General trust in others: a resident’s general level of trust for others
(companies, government, scientific organisations, NGOs, as well as other
residents) influences their perceptions regarding levels of risk and levels
of benefit for remediation technologies. Individuals who are generally
more trusting perceived lower levels of risk, both for public health and for
their local environment. Conversely, individuals who were generally more
trusting perceived greater benefits from remediation technologies both for
public health and for the local environment (Prior & Rai 2017).

Combined trust in companies, research institutions, and
governments: a resident’s combined trust in companies, research
institutions and governments was found to influence their perceptions of
the levels of risk and benefit that respondents believed the application of
the remediation technologies posed to residents’ health and their local
environment. This combined trust reflects the central role these
organisations play in the regulation, implementation and knowledge
development of remediation technology applications. Individuals who were
more trusting of companies, research institutions and governments
perceived lower levels of risk, both for human health and for their local
environment. Conversely, these individuals who were more trusting of
companies, research institutions and governments perceived greater
benefit from remediation technology both to the resident’s health and to
the local environment (Prior & Rai 2017).

Community
engagement
planning

Questions

Does the plan consider how a

resident’s general level of trust in

others influences their perceptions L
regarding levels of risk and levels of

benefit for remediation technologies?

Does the plan consider that a

resident’s perception regarding the

risks and benefits associated with the

application of a technology is closely ®
linked to their level of trust in those

organisations that are responsible for

the regulation and implementation of

remediation technologies at a site?

Remediation

planning
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Confidence in experts: residants who believe that experts will know how
best to manage technologies — that is, those who have confidence in
experts — are more likely to believe that remediation technology would

RB3.3 | benefit the health of the residents and the local environment than those
with less positive views. Conversely, individuals who believed experts
know best perceived lower levels of risk to the local environment from
remediation technologies (Prior & Rai 2017).

Language used in communication with residents: the evidence
suggests that the sole use of English as a tool for communicating about

RB3.4 | technology applications may increase perceived human health risks from
remediation technology applications among those residents who speak
English as a second language (Prior & Rai 2017).

Does the plan consider that a
resident’s perceptions regarding the
risks and benefits associated with the
application of a technology are closely
linked to their level of confidence in the
experts carrying out the remediation?

Does the plan consider that the
language used to communicate with
residents will affect their level of
perceived risk for human health from
remediation technologies? What are
the prominent languages spoken by
affected residents? Have you
considered using these languages in
key communications with residents?
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Matrix RB4: Does the plan consider how residents’ risk and benefit perceptions about technologies are impacted by the technologies’ characteristics?

Code

RB4.1

RB4.2

Evidence-based insights

Type: the type of technology used for remediation influenced residents’
perceptions of the levels of risks and benefits for both human health and
the local environment. Residents perceived greater risk to the health and
wellbeing of residents and to the local environment from thermal, physical
and chemical technologies than from bioremediation. Conversely,
respondents perceived these technologies (chemical, physical, thermal)
as being less beneficial (to both resident health and the environment) than
bioremediation. Remediation technologies judged by residents as having
higher risk, like chemical technologies, were judged to be low in benefit,
and those judged higher in benefit such a biotechnology were judged to
be low in risk (Prior & Rai 2017).

Effectiveness: residents who agree that technologies are effective at
solving our problems were significantly more likely to believe that the
application of remediation technologies will be beneficial to human health
and the local environment. A frequently reported benefit of the application
of remediation technologies by residents is their ability to successfully
eliminate an environmental contaminant or restrain or block its exposure
pathway to receptors. Conversely, residents also perceived risks in the
failure of a technology application to effectively remediate a site, with
respondents speaking about the risks that may result to the environment
and human health if the technology is unable to effectively block or
eliminate an exposure pathway to receptors from existing environmental
contaminants, or to amplify exposure to existing environmental
contaminant (e.g. metalloids) (tables 5 and 6) (Prior & Rai 2017).

Community
Questions engagement
planning

Does the plan consider that residents
might perceive the risks and benefits of |
technology types differently?

Does the plan consider how residents’

perceptions of the effectiveness of a

technology affect the level of risk or |
benefit that they attribute to that

technology?

Remediation
planning
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RB4.3

RB4.4

RB4.5

RB4.6

Safety: residents use their perceptions of a remediation technology’s
safety level as a means of assessing the level of risk or benefit of that
technology to human health or their local environment (tables 5 and 6)
(Prior & Rai 2017).

Containment: residents use their perceptions of a technology’s ability to
contain the contaminant during application, or of the risk of it generating
side effects, as a means of assessing the level of risk or benefit of that
technology to human health or their local environment. Failure to contain a
contaminant is more frequently reported as a perceived risk by residents
for thermal and physical technology types. For physical technology, the
risk focused on is the possible failure of technologies such as
encapsulation or immobilisation to conceal, contain and hold the
contaminated material over time (table 5 and 6) (Prior & Rai 2017).

Controllability: residents agreeing with the proposition that technologies
are out of control are more likely to perceive a remediation technology as
a risk to human health and local environment. Conversely those who
believe that technologies are out of control are significantly less likely to
believe that remediation would benefit human health. Residents are
particularly concerned about the controllability of emergent remediation
technologies such as nanoremediation (Prior & Rai 2017).

Location: the location (onsite in-ground, onsite out-of-ground, offsite) of a
remediation technology application influences a resident’s perceptions of
the technology’s level of risk and benefit. Residents’ preferences for
remediation location are consistent with their responses to specific
remediation technology applications, in the sense that residents who are
more supportive of offsite treatment are significantly less likely to perceive
risks to human health and their local environments from offsite
remediation technology applications and more likely to perceive benefits

Does the plan consider how residents’
perceptions of the safety of a
technology affect the level of risk or
benefit that they attribute to that
technology?

Does the plan consider how residents’
perceptions of a technology’s ability to
contain the contaminant, or its possible
side effects, affects the level of risk or
benefit that they attribute to that
technology?

Does the plan consider how residents’
perceptions of a technology’s
controllability affect the level of risk or
benefit that they attribute to that
technology?

Does the plan consider how residents’
preferences for remediation location
affect the level of risk or benefit that
they attribute to technologies?
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to human health and local environment (table 5 and 6) (Prior & Rai 2017).

Naturalness: those who believe that natural methods should be used in
remediation are more likely to perceive remediation technologies as a risk

RB4.7 | to the local environment. For these respondents, the term natural is
generally associated with: non-human, non-artificial and unspoilt
environments (table 5 and 6) (Prior & Rai 2017).

Does the plan consider how residents’
preferences for natural methods, affect
the level of risk that they attribute to
technologies?
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Table 5. Characteristics of different technology applications that residents most commonly identify as influencing perceived risks and/or benefits for human health.

Characteristics of remediation technology most commonly identified as
influencing perceived risk and benefit perceptions about human health
@ = = *
. . 8 =
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technology application . .. = > T S 2] o
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Table 6. Characteristics of different technology applications that residents most commonly identify as influencing perceived risks and/or benefits for the local

environment.

Characteristics of remediation technology most commonly identified as

influencing perceived risk and benefit perceptions for the local environment
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Matrix RB5: Does the plan consider the types of risks and benefits that residents associate with technologies, and how they balance those risks and benefits?

Code

RB5.1

RB5.2

RB5.3

Evidence-based insights

Inverse relationship between resident’s perceived benefits and risks for
technologies: residents’ perceptions of the level of risk and level of benefit are
inversely related for remediation technologies. For example, remediation
technologies judged by residents as having higher risk like chemical
technologies are judged to be low in benefit, and those judged higher in benefit
such a biotechnology are judged low in risk (Prior & Rai 2017).

Human health and wellbeing as a beneficiary and/or risk receptor of
remediation technologies: most residents refer to the public’s health,
particularly that of residents and vulnerable populations (e.g. children, elderly,
pregnant women, people living with a disability, and those with long term
illness e.g. arthritis, asthma, diabetes) as a beneficiary and/or risk receptor of
remediation technologies. Residents also refer to the health of workers at the
contaminated site as a risk receptor of remediation technologies. See table 8
for types of risks and benefits that residents associate with human health and
wellbeing (Prior & Rai 2017).

The environment as a beneficiary and/or risk receptor of remediation
technologies: residents identify various aspects of the local environment as
beneficiaries and/or risk receptors of remediation technologies. These
beneficiaries and/or risk receptors in the environment could be separated into
two broad categories: the local ecosystem (e.g. flora, fauna, fungi, bacteria) or
the services that the local ecosystem provides to humans (e.g. clean air and
water, fresh food, species diversity). See table 8 for types of risks and benefits
that residents associate with the local environment (ecosystem and ecosystem
services (Prior & Rai 2017).

Questions

Is the plan sensitive to the inverse
relationship that exists between
the perceived level of risk and the
perceived level of benefit that
residents hold for remediation
technologies?

Is the plan sensitive to the
perceived risks and benefits to
human health and wellbeing that
residents associate with
remediation technologies?

Is the plan sensitive to the
perceived risks and benefits to the
environment that residents
associate with remediation
technologies?

Community
engagement
planning

Remediation
planning
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Trade-offs between risk and benefit types: given the diverse beneficiaries
and risk receptors of remediation technologies, when assessing the overall
risks and benefits of a technology, residents make trade-offs between risks and
benefits for the different receptors (worker, resident, flora, fauna, bacteria,
fungi, clean air) that result from the application of different remediation
technologies (table 7). The most commonly used risk and benefit trade-off by
residents focuses on the ways in which risks to ecosystems and human health
are addressed differently by some remediation technologies. For example,
whilst physical remediation technologies, (e.g. capping, dig and dump, or the
placement of an impermeable covering over the contamination), are beneficial

RB5.4 @ inthatthey eliminate risk to humans by physical blocks to the exposure
pathway, they were not perceived as doing the same for plants, animals, and
microorganisms that reside permanently in a contaminated area or at the
landfill site. Similarly, thermal and chemical technologies were seen as
beneficial to human health, but as having the potential to devastate other
biological components of a local ecosystem and precluding natural recovery
(Prior & Rai 2017).

Does the plan consider how
resident’s trade-off the risks and
benefits for different beneficiaries
and risk receptors resulting from
remediation technologies?

Table 7 is a compilation of key trade-offs made by residents. They included
balancing: ecological and human health risks; worker and resident/public
health risks, risks to current and future generations; and risk among species
(plants versus animal, one animal versus another) (Prior & Rai 2017).
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Table 7. Most commonly reported types of perceived risk and benefit balances mentioned by residents.

Types

Examples using physical technologies

Human versus local ecological

e.g. Dig and dump was seen reducing risks to residents living near the source site, but destructive to
soil ecology and vegetation at the landfill site and source site.

Resident health versus worker health and safety

e.g. Mining was perceived as beneficial to human residents’ health, but several respondents also
perceived mining as increasing risks to workers’ health and safety.

One group of species versus another

e.g. Whilst dig and dump is perceived as destructive to ecosystems and all the organisms within it at the
landfill site and source site, leaving the contaminant in place is less disruptive where levels are not
causing adverse ecological effects.

Current generational versus intergenerational

e.g. Dig and dump and stabilisation were often perceived as solutions that addressed health risks to
current residents whilst passing the risk on to future generations.
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Table 8. Risk (R) and benefit (B) types that residents associate with remediation technologies.

Benefit types

Risk types

B1. Improved resident’s health and
wellbeing:

B1.1. Improved physical health.

B1.2. Other types of improved health,
e.g. reduced anxiety.

B1.3. Improved economic viability, e.g.
by contracting local venders.

B1.4. Increased sense of security, e.g.
of services, health, property and access.

B1.5. Improved social relations, e.g.
community and social relations.

B1.6. Increased freedom of choice, e.g.
increased social and economic freedom.

B1.7. Enhanced quality of everyday life,
e.g. through increased recreational
opportunities.

B1.8. Reduced undesirable
environmental impacts, e.g. removing
odour.

B1.9 Improved wellbeing and health of
vulnerable populations.

R1. Impaired resident’s health and wellbeing:

R1.1. Impaired physical health.

R1.2. Other types of impaired health, e.g.
increased anxiety.

R1.3. Impaired economic viability, e.g.
business disruptions.

R1.4. Reduced sense of security, e.g. of
services, health, property and access.

R1.5. Impaired social relations, e.g.
stigmatisation and conflict.

R1.6. Decreased freedom of choice, e.g.

decreased social and economic freedom.

R1.7. Reduced quality of everyday life, e.g.
decreased recreational opportunities.

R1.8. Increased undesirable environmental
impacts, e.g. increased odor or by bypoducts.

R1.9 Impaired wellbeing and health of
vulnerable populations.

R2. Impaired worker’s health:

R2.1. Impaired physical health.

B3. Increased provision of local
ecosystem services:

B3.1. Improved value of real estate.

B3.2. Increased ability of land to support
food production.

B3.3. Increased ability of land to support
recreational use.

B3.4. Increased ability of land to support
human uses, e.g. residential use,
commercial use, industrial use.

B3.5. Improved air quality.

B3.6. Improved quality of groundwater
and surface water.

B3.7. Improved aesthetic value of local
landscape.

R3. Decreased provision of local ecosystem
services:

R3.1. Decreased value of real estate.

R3.2. Decreased ability of land to support food
production.

R3.3. Decreased ability of land to support
recreational use.

R3.4. Decreased ability of land to support
human uses, e.g. residential use, commercial
use, industrial use.

R3.5. Decreased air quality.

R3.6. Decreased quality of marine habitats,
groundwater and surface water.

R3.7. Decreased aesthetic value of local
landscape.
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B3.8. Sustainable use of natural
resources through technology selection,
e.g. reduced carbon emissions, reduced
use of non-renewable resources.

B4. Improved local ecosystem:

B4.1. Maintain, recover or enhance
plant diversity.

B4.2. Maintain, recover or enhance soil
habitats, micro-organisms and
invertebrates.

B4.3. Maintain, recover or enhance
marine, groundwater, surface water
habitats.

B4.4. Maintain, recover or enhance air
quality.

B4.5. Improved health of wildlife, e.g.
fungus, bacteria.

B4.6. Maintain, recover or enhance and
supporting habitats.

R4. Impaired local ecosystem:

R4.1. Decreased plant diversity and de-
vegetation, e.g. destruction of aboveground
vegetation and below ground seeds and root
material.

R4.2. Impairment or destruction of soil
habitats, micro-organisms and outmigration by
vertebrates, e.g. failure of soil habitats to
recover if nonindigenous fill soil is used.

R4.3. Impairment or destruction of marine,
groundwater, surface water habitats.

R4.4. Decrease in air quality and associated
health effects to wildlife or plants.

R4.5. Impaired health of wildlife.

R4.6. Impairment or destruction of wildlife
habitats.
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5. Residents’ acceptance (support and choice) of
remediation technologies

Introduction

The matrices set out in section 5.4 of this section present evidence-based insights that
are drawn from two studies — a study of residents living near thirteen contaminated
sites in Australia and a study of residents in New South Wales, Australia. Both these
studies explored residents’ level of acceptance of the application of remediation
technologies in their local area (Prior 2018). Within the matrices the evidence-base
insights are linked to a series of questions that can be considered when developing
plans for the remediation of specific contaminated sites.

Before presenting the matrices, section 5.2 discusses why consideration might be
given to residents’ acceptance of remediation technologies when developing plans, and
section 5.3 provides a brief overview of the evidence-based insights and questions that
are laid out in the matrices.

5.2 Why consider residents’ acceptance?

Acceptance is discussed within remediation policies and guidelines in reference to risk
perception and benefit perception; they advocate its consideration within both
community engagement planning and remediation planning. These policies and
guidelines focus on what constitutes acceptable risk at a given site and what
constitutes an acceptable remedial solution at that site for its various stakeholders
(CRC CARE 2019m; International Organisation of Standardisation 2015; Sustainable
Remediation Forum Australia, CRC CARE & Australiasian Land and Groundwater
Association 2011b; Sustainable Remediation Forum Australian and New Zealand
2012c, d). The National Remediation Framework guidelines for the application of
remediation technologies guides users to consider whether the technology will be
acceptable to stakeholders, and call for acceptance to be considered as a key objective
in remediation planning (CRC CARE 2019f). These existing policies do not, however,
provide any guidance on what might influence technology acceptance nor on how to
determine what is acceptable to residents.

5.3 Overview of evidence-based insights and questions

Matrices A1, A2, A3, A4 and A5 in section 5.4 of this section provide evidence-based
insights into residents’ acceptance of the application of remediation technologies in
their local area. These evidence-based insights are drawn from two studies:

e astudy of 2009 residents living near 13 contaminated sites in Australia, which
explored residents’ support for the application of remediation technologies in their
local areas (figure 6) (Prior 2018), and

e achoice experiment involving 944 residents living in New South Wales, Australia,
which focused on residents’ preferences for remediation technology applications
(Huynh et al 2017).
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Within this section residents’ acceptance of remediation technology is not equated with
the formal approval, direct-use or deployment of remediation technologies; these are
the responsibility of remediation regulators, the responsible party and the remediation
service providers (Venkatesh & Davis 2000). Residents’ acceptance within this section
is understood as the residents’ level of support for the application of the remediation
technology in their local area, where level of support is understood as being influenced
by the residents’ physical context (e.g. proximity to contaminant source site)
institutional context (e.g. trust for organisations communicating with residents), as well
as technology characteristics (e.g. proven technology), and their personal and
demographic characteristics (e.g. values). Furthermore, residents’ levels of support for
a technology is understood as being pliable, where this pliability is dependent on a
series of statements and sanctions (rules) which they utilised in dialogue with others
involved in the remediation process (table10) (Wong 2015).

Residents’ acceptance within this section is also understood to be defined by the
choices residents make when deciding between different technologies that may be
applied in their local area to remediate an environment that has been polluted by
contaminants. Matrices A1, A2, A3 and A4 present evidence-based insights on how
residents’ levels of support for the application of remediation technologies in their local
area are affected by the:

e residents’ personal and demographic characteristics (matrix A1)
e residents’ physical context (matrix A2)

e institutional context in which the resident engages during the remediation
(matrix A3), and

e characteristics of the remediation technologies that might be used on their local
area (matrix A4).

Finally, matrix A5 presents evidence-based insights into the way in which residents
weigh up their support for different remediation technologies, and the statements and
sanctions that residents use with others involved in remediation processes to negotiate
their support for technologies.

For each evidence-based insight that is presented within the matrices we pose a
question(s) for consideration when developing and reviewing plans for the remediation
of a contaminated site. For each question, we provide an indication, with a dot in the
relevant column, of whether the question is relevant to remediation planning, to
community engagement planning, or possibly both.

Figure 6 presents an overview of the topics addressed in the evidence-based insights
and questions presented within each of the matrices within this section and their
relationship to how resident’s support and choose the application of remediation
technologies in their local area.Tables 9 and 10 referred to in the following matrices
present useful information on:

e Characteristics of different technology applications that most associate with
remediation technologies (table 9), and

e Statements commonly used by residents to provide or withhold their support for
the application of technologies (table 10).
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PREDICTORS OF RESIDENTS’ LEVEL SUPPORT FOR THE APPLICATION
OF REMEDIATION TECHNOLOGIESS

Personal and Physical Institutional Technologies’
demographic context context characteristics
characteristics

» Household tenure « Transportation and « General trust « Type
(rent or own) proximity of (see matrix A3) - Weighing-up risks

+ Income contaminant and benefits

* Motivational values (see matrix A2) - Effectiveness
(openness to change, - Safety
conservation, - Containment
self-transcendence, . Location

and self-enhancement)

(see matrix A1) + Naturalness

« Proven

« Duration

- Economy

« Plausability
(see matrix A4)

Norms that residents use to Level of support along a
negotiate their level of support + spectrum ranging from complete
for the application of remediation support to finding a technology
technologies in their local area tolerable, or withholding support

(see see matrix A5 and table 10). for a technology (see matrix A5).

Social sanction that
residents may enact if

Remediation service norms are not respected,
provider seeks including resisting a
to apply technology technology’s application

at a site or protesting against its

application (see matrix A5)

Figure 6: Overview of the topics discussed in the five matrices within this section and their
relationship to how residents’ support and choose the application of remediation technologies in
their local area
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5.4 Matrices of evidence-based insights and questions to support plan development

Matrix A1: Does the plan consider how residents’ support of technologies is impacted by their demographics and personal characteristics?

Code

A1.1

A1.2

A1.3

Evidence-based insights

Income: income level influences residents’ levels of support for the
application of remediation technologies in their local area. Residents on
medium incomes ($80K to $120K) are less likely to support the application
of technologies than those on higher incomes (over $120K) (Prior 2018).

Household tenure (rent or own): type of household tenure influences
residents’ levels of support for the application of remediation technology in
their local area. Residents who own or are purchasing their own home in
neighbourhoods surrounding the site are less likely to support the
application of remediation technologies than those who rent a home

(Prior 2018).

Personal motivational values: the range of values found to motivate
residents’ decisions to withhold or grant support for the application of
technologies spanned the four domains of the Schwartz value system
(see figure 7 for more detail):

e openness to change (self-direction and stimulation)
e conservation (conformity, tradition)

e self-transcendence (universalism, benevolence), and
e self-enhancement (power, achievement).

These values crossed the two key dimensions of the Schwartz value

Community
engagement
planning

Questions

Does the plan consider that residents

earning lower incomes are less likely

to support the application of o
remediation technologies than those

on higher incomes?

Does the plan consider the household

tenure (rent or own), and how this

influences a resident’s support for the L
application of remediation

technologies?

Does the plan consider that residents’
acceptance of remediation
technologies is strongly influenced by
their motivational values? In situations
where residents have strong positive
and negative views on the application [ )
of technology types, it can be helpful to
engage with those residents to
understand the motivational values
that guide their positions. The
Schwartz framework provides one tool
that can be used to assess those

Remediation

planning
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system: across the contrasting domains of self-transcendence (e.g. values (figure 7)
universalism) and self-enhancement (e.g. power, achievement), and
across the contrasting domains of openness to change (e.g. stimulation)
and conservation (e.g. tradition, conformity). Threats to these motivational
values have a key impact on a resident’s level of support for remediation
technologies, and furthermore if residents hold contrasting motivational
values this may generate conflict. For example, a potential conflict may
exist between residents who support a technology application based on
an openness to the change brought about by that technology and those
who seek to withhold support based on beliefs that such technologies are
unnatural (risky) interventions (Prior 2018).
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Openness to change (self-direction and stimulation):

For some residents willingness to withhold or grant support
for the application of remediation technologies was
motivated by a belief in the beneficial, positive, rather than
threatening change that could be brought about by
remediation technologies. These motivational values are
reflected in those residents who agreed that technologies
are effective at solving problems faced by human beings.

Self-direction

Stimulation

Self-enhancement (power, achievement): Some residents
level of support for a technology is dependent on the belief
that the technology is in their own interests, that is, the
technology enhances their own welfare (e.g. health,
amenity). This is apparent in the frequent use of first person
language and the pronouns my and I.

Self-transcendence (universalism, benevolence): For
some residents level of support for a technology is
dependent on the belief that it enhances the welfare of their
local community, neighours, or family. This benevolence is
often made apparent when respondents openly assess their
support for a remediation technology, using pronouns like
we, residents, community, us. Some residents assessed
their support for a technology based on it's perceived ability
to protect the welfare of all people (the public) and the
environment. This contrasts with the in-group focus of
benevolence. In some instances a residents universalism
values can extend to the welfare of distant communities and
future generations.

Benevolence

Conservation (conformity, tradition): Some residents’
willingness to withhold or grant support is motivated by
their conformity and commitment to specific customs and
ideas that their culture belief or religion provided. Traditional
values residents use as reason for withholding support for
technologies, often focus on beliefs that nature knows best
and that human interference does not improve the situation
at the contaminated site.

Figure 7: Personal motivational values guiding residents’ support for remediation technology

applications
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Matrix A2: Does the plan consider how residents’ support of technologies is impacted by their physical context?

Code @ Evidence-based insights

Transportation through local streets: transportation of contaminant-
related materials influenced residents’ support for the application of
remediation technology. Those residents who are concerned about
contaminant-related materials being transported through local streets to
be treated at an offsite location were less likely to support the application
of remediation technologies. For example, residents frequently explained
that they withheld support for the much-applied dig and dump alternative
of removing contamination from the site, because of concern about the
risks associated with transporting the contaminated medium through
streets in proximity to local homes (Prior 2018).

A2.2

Community
Questions engagement
planning

Will transportation of the contaminant

be required? Will this travel be past

people’s home? Or past sensitive Y
sites? Does the plan consider how this

impact may affect a resident’s

acceptance of a technology?

Matrix A3: Does the plan consider how residents’ support of technologies is impacted by their institutional context?

Code @ Evidence-based insights

General trust in others: A resident’s general level of trust for others
(companies, government, scientific organisations, NGOs, as well as other
residents) influences their levels of support for the application of

A3.1 remediation technologies. Those who were generally more trusting were
more supportive of the application of technologies, and conversely those
who were less trusting were generally less supportive of the application of
technologies (Prior 2018).

Community
Questions engagement
planning

Does the plan consider how a

resident’s general level of trust in ®
others influences their support of

remediation technologies?

Remediation
planning

Remediation
planning
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Matrix A4: Does the policy or plan consider how residents’ support of technologies is impacted by the technologies’ characteristics?

Code

A4.1

A4.2

Evidence-based insights

Type and reputational effect (stigma): the type of technology proposed
for remediation has an influence on residents’ levels of support for that
technology’s application at a nearby site. Respondents are more
supportive of the application of biotechnologies than they are of chemical
technologies, thermal technologies, and physical technologies (Prior
2018).

Residents’ support for remediation technology types can be explained in
part by the reputation effect associated with each technology type. In
other words, the level of residents’ support for a remediation technology
type seems to be affected by an intrinsic value associated with it. For
instance, the probability that a resident favours biotechnologies over
chemical technologies with the same impact on objective environmental
quality levels (e.g. air and water quality) is much larger. In fact, residents
prefer biotechnologies over any other types of remediation technologies
when the level of environmental quality improvement is similar. Physical
and thermal technologies have a similar effect on residents’ acceptance,
whilst chemical technologies have the lowest level of acceptability. It can
be concluded that chemical technologies have the highest stigma effect
and they need better levels of environmental quality improvement in order
to be accepted by the residents over other technology types

(Huynh et al 2017).

Effectiveness: residents support of a technology is guided by its
perceived effectiveness, in particular the application’s perceived ability to
eliminate an environmental contaminant, or restrain or block its exposure
pathway to receptors (table 9) (Prior 2018).

Questions

Does the plan consider how resident’s
support for a technology’s application
is affected by the technology type?

Is the plan sensitive to the reputational
effect (stigma) that is attributed to a
remediation technology type by
residents, and the effect this has on a
resident’s choice of a technology?

Furthermore, is the plan sensitive to
the way in which reputational effect
(stigma) impacts residents’
perceptions of environmental quality
improvement?

Does the plan consider how residents’
acceptance of a technology’s
application is affected by the
technology’s perceived effectiveness?

Community
engagement
planning

Remediation
planning
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A4.3

Ad.4

A4.5

A4.6

Safety: residents often use a technology’s perceived safety to assess
support for its application. Safety considerations influence residents’
acceptance of technologies in two main ways: firstly, residents often
declare their support for a technology in preference to another based on
their perceptions of safety for the technologies, and secondly, they will not
support a technology unless it can be shown that the technology is safe
(table 9) (Prior 2018).

Economy: the economy of the remediation technology was a reason that
may residents choose to withhold or grant their support for the application
of a technology. Residents’ perceptions of a technology’s economy was
not concentrated on the monetary risks of the technology alone, but also
extended to its economic use of resources and energy (table 9) (Prior
2018).

Containment: residents frequently highlighted how their support for the
application of a technology was contingent on its perceived ability to
contain the contaminant during application, or the side effects of the
application. Containment was more frequently reported as a motivation for
withholding support for the application of thermal and physical technology
types (table 9) (Prior 2018).

Location: residents’ stated preferences for remediation location (on-site
in-ground, on-site out-of-ground, offsite) are consistent with their
responses to specific remediation technologies, in the sense that
residents who are more supportive of offsite treatment are more likely to
support the application of offsite remediation technology (table 9) (Prior
2018).

Does the plan consider how residents’
acceptance of a technology’s
application is affected by the
technology’s perceived safety?

Does the plan consider how resident’s
support of a technology’s application is
affected by the technology’s perceived
economy?

Does the plan consider how residents’
acceptance of a technology’s
application is affected by the
technology’s perceived ability to
contain the contaminant and the side
effects from the remediation
technology?

Does the plan consider how residents’
acceptance of a technology’s
application is affected by the
technology’s location?
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A4.7

A4.8

A4.9

A4.10

Un/proven: residents often withheld support for technologies that they
perceived as unproven, in particular emergent technologies like
nanotechnologies and phytoremediation, and often only supported
technologies that had been successfully trialled (table 9) (Prior 2018).

Duration: the perceived duration of a remediation technology application

affects residents’ levels of support for that technology. Two dimensions of

a technology’s duration influence residents’ levels of support for it: the

perceived long period of time that it takes some technologies to complete

the remediation, and the perception that some technologies are only
short-term solutions that transfer the problem to future generations.
Perceived duration is a more frequently stated reason for residents to
withhold support for physical and biotechnology applications (table 9)
(Prior 2018).

Naturalness: residents frequently use a technology’s perceived
naturalness as a motivation for withholding or granting support for its
application (table 9) (Prior 2018).

Plausibility: the perceived plausibility of a remediation technology
application affects whether residents support or withhold support for its
application. Plausibility was a more frequently stated concern for
emergent technologies (table 9) (Prior 2018).

Does the plan consider how resident’s
support of a technology’s application is
affected by whether residents perceive
them to be proven or not?

Does the plan consider how residents
support of a technology’s application is
affected by whether residents perceive
duration of the technology?

Does the plan consider how residents’
acceptance of a technology’s
application is affected by the degree to
which residents perceive the
technology as natural?

Does the plan consider how residents’
support of a technology’s application is
affected by whether they perceive
them as plausible?
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Table 9. Characteristics of different technology applications that most commonly identified as affecting residents’ support for different technologies.
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Characteristics of a remediation technology most commonly identified
as affecting residents’ support for different technologies
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Physical
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Matrix A5: Does the plan consider the way in which residents weigh up their support for technologies, and the statements and sanctions that residents use to provide or withhold their

support for technologies?

Code @ Evidence-based insights

Weighing up risks and benefits: how residents weigh up the risks and
benefits of a technology application influences their levels of support for
the application of that technology. Those who believed the risks
outweighed the benefits of a technology were less supportive of the
technologies’ application at the site, than those who believed the risks and
benefits of a technology application where equal, who in turn were less
supportive than those who believed the benefits outweighed the risks of
the technology’s application at the site (Prior 2018).

A5.1

Assessing environmental improvements and human health
improvements: residents’ acceptance of remediation technologies can be
influenced by the extent to which they expect it to improve environmental
quality (e.g. improvement in air quality, ground water quality, or the ability
to grow vegetables in a garden) and the importance of that environmental

A5.2 improvement to human health levels. For example, a resident’s
acceptance of a remediation technology increases significantly when it
involves an improvement in air quality levels: In assessing the level of
environmental or health improvement preferred by residents, detailed
consideration needs to be given to the design of environmental quality
ladders and health scales (Huynh et al 2017).

Questions

Is the policy or plan sensitive to how
residents’ assessments of the risks
and benefits of a technology
application influence their levels of
support for a technology application?

Is the plan sensitive to the ways in
which residents’ acceptance of a
remediation technology is affected by
the technology’s ability to improve

local environmental quality levels (e.g.

improvement in air quality, ground
water quality, or ability to grow
vegetables in a garden) and the utility
of that environmental improvement to
human health levels?

Community
engagement
planning

Remediation
planning
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Statements® residents use to negotiate support: residents use a
common set of statements to indicate their willingness to shift from
withholding to granting support for the application of technologies. Whilst
residents identified the responsible party, the regulatory authority, the
remediation service provider, the local government, independent experts
and an auditor as the appropriate entity to address these statements,
there was a preference for them to be answered by an independent
expert. These statements could be separated into 3 key types:

1. The first type of statement (see statement 1, table 10) disclosed a
resident’s willingness to shift from withholding to granting support
upon the provision of evidence (i.e. information or demonstration) that
a technology has certain desired characteristics e.g. the containment
of gases, treatment will be onsite.

Is the plan sensitive to the types of
questions that residents ask in an

A53 effort to shift from withholding to o
2. The second type of statement (see statements 2 to 4, table 10) granting support for the application of
reveals a resident’s willingness to shift from withholding to granting technologies?

support for a technology based on the provision of evidence (i.e.
information or demonstration) to the resident about the range of
technologies that can be used at the site.

3. The third type of statement (see statements 5 to 11, table 10)
highlights how a resident’s shift from withholding to granting support
for a technology may be enabled through certain roles and
responsibilities being carried out by the responsible party, regulatory
authority, remediation service provider, local government,
independent expert and auditor (Prior 2018).

6 Within the context of these guidelines we have used the word statements here, in the study these statements are understood as a series of norms. See the full study for an
explanation of why we use the term norms (Prior 2018).
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Statements residents use for not negotiating support: respondents
used two types of statements to explain why they refused to grant support
for the application of remediation technologies:

1.

A5.4

Residents indicated that they would not provide their support for a
selected technology due to perceived characteristics that amplified its
risks (see statement 12, table 10).

Residents indicated that they were not willing to support any
technology applications at the site due to risks that they perceived
were innate to all technologies (see statement 13, table 10) (Prior
2018).

Possible social sanctions imposed by residents that generate socio-
political risks for the remediation process: where residents do not
support the application of remediation technologies in their local area, and
a responsible party proceeds with its application at a site, some residents
may respond by imposing social sanctions. Tangible forms of these social
sanctions include:

A5.5 ¢

inhibiting the movement of those carrying out the remediation,
through e.g. restrictions on access to neighbouring properties and
communities near the site

lodging objections through formal regulatory processes

instigating economic sanctions or restrictions on specific actors
carrying out the remediation process

protesting against the application of the technology

generating political sanctions e.g. through engaging with political
figures, and

drawing attention to the actions of those carrying out the remediation
with support of the media as a deterrent, with the aim of adversely
impacting their reputation, profits or stability.

The implementation of these social sanctions may pose significant socio-
political risks to remediation practice at a given site (Prior 2018).

Is the plan sensitive to the types of
statements that residents make when
they do not wish to support the
application of technologies?

Does the plan consider the socio-
political risks that may stem from
implementing technologies that are not
supported by residents?
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Table 10. Statements commonly used by residents to provide or withhold their support for the
application of technologies.

Part 1: Norms 1 through 11 — for negotiating level of support

Norm 1: [AlI?, but with preference for an independent expert] [must] [provide evidence® that
technology A° ...

.. can contain the contaminant and/or by-products of the remediation process]
.. is safe]
.. is effective]
.. is proven]
.. is at a preferred location e.g. on-site inground, on-site out-of-ground, offsite]
.. is natural]
.. is economical]
.. is of a preferred duration e.g. long-term or short-term]
.. does not include fransporting contaminated materials through local streets]
.. will generally work]
.. accords with their values]
.. is beneficial to humans, ecosystem services, and the environment]
... is not a risk to humans, ecosystem services, and the environment]
[before technology A is applied in the local area]

Norm 2: [AlI?, but with preference for an independent expert] [must] [provide evidence® that
technology A® when compared to other technologies B, C, D¢ that can be applied at
the site is ...

.. as or more able to contain the contaminant and/or by-products of the
remediation process]

.. as safe or safer]

.. as or more effective]

.. as or more proven]

.. at a preferred location, e.g. on-site inground, on-site out-of-ground, offsite]

.. as or more natural]

.. as or more economical]

... of a preferred duration, e.g. long-term or short-term]

[before technology A° is applied in the local area]

Norm 3: [AllP] [may] [apply technology A° in the local area, but would prefer technology B, C,
DY because it is

.. more able to contain the contaminant and/or by-products of the remediation
process]

.. safer]

.. more effective]

.. more proven]

.. at a preferred location, e.g. on-site inground, on-site out-of-ground, offsite]

.. more natural]

.. more economical]

.. of a preferred duration, e.g. long-term or short-term]
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Norm 4: [All®] [must] [use technology A° in conjunction with technologies B, C, D9 because of
concerns about technology A’s ...

.. ability to contain the contaminant and/or by-products of the remediation
process]

.. safety]
.. effectiveness]
.. proven use]
.. location e.g. on-site inground, on-site out-of-ground, offsite]
.. haturalness]
.. economy]
... duration e.g. long-term or short-term]
[before technology A° is applied in the local area]

Norm 5: [Remediation service provider, regulatory authority or problem holder] [must]
[address the resident’s uncertainty about technology A° by providing guarantees
about its ...

.. ability to contain the contaminant and/or by-products of the remediation
process]

.. safety]
.. effectiveness]
.. proven use]
.. location e.g. on-site inground, on-site out-of-ground, offsite]
.. haturalness]
.. economy]
... duration e.g. long-term or short-term]
[before technology A° is applied in the local area]

Norm 6: [AllP] [must not] [apply technology A° in the local area without first providing residents
with evidence® of other possible technologies B, C, DY [that can be used in the local
area]

Norm 7: [AllP] [must] [provide a truthful and transparent step-by-step explanation of
technology A®s application e.g. what is being remediated, who is doing it, how it will
be done, and where it will be done] [before technology A° is applied in the local area]

Norm 8: [Remediation service provider] [must] [agree to ...

.. keep residents informed about the selection and application of technology A°]
.. provide ample community engagement about technology A9
[before technology A° is applied in the local area]

Norm 9: [The regulatory authority and local government] [must] [regulate the application of
technology A°] [before the technology is applied in the local area]

Norm 10: [Independent expert] [must] [validate evidence about technology A proposed by the
problem holder] [before technology A° is applied in the local area]

Norm 11: [The problem holder] [must not] [provide evidence about technology A°¢ without
verification from an independent expert] [before technology A°® is applied in the
local area]
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Part 2: Norms 12 through 13 — for not negotiating level of support

Norm 12: [All?] [must not] [apply technology A® in the local area because it ...

... is unable to contain the contaminant and/or by-products of the remediation
process]

.. is unsafe]
.. is ineffective]
.. is unproven]

.. is unnatural]

.. is uneconomical]

.. is of a duration e.g. long-term or short-term]

.. includes transporting materials through local streets]

.. is a type of technology e.g. chemical, physical, thermal, bio]

.. occurs at a certain location e.g. on-site inground, on-site out-of-ground, offsite]

Norm 13: [All?] [must not] [apply any technology A°¢ or B, C, D¢ in the local area because its

best, and all human intervention in nature is wrong]

application does not accord with a resident’s motivational values e.g. nature knows

a All includes problem holder, regulatory authority, remediation service provider, local government,
auditor, and independent expert; ® evidence includes explanation, information, demonstration;
¢technology A is the technology under consideration; ¢ technology B, C, D' are other technologies that
might be considered.
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6. Glossary of terms

Bioremediation refers to the use of biological technologies in the form of microbes,
fungi and enzymes to clean up contaminated land and groundwater.

Chemical remediation involves the use of chemical reagents to oxidise or reduce
contaminants, particularly in groundwater, although the method can extend to soils.
There are several chemical oxidants that can be used to treat chlorinated solvents, and
some mobile heavy metals.

Chemical treatment general (in-situ) involves the injection of chemical oxidants or
reductants into groundwater or soil, which subsequently leads to the destruction of
contaminants of concern or their transformation into something safer.

Contamination means the condition of land or water where any chemical substance or
waste has been added as a direct or indirect result of human activity at above
background level and represents, or potentially represents, an adverse health or
environmental impact (CRC CARE 2019n; NEPC 2013).

Contaminated land is land (including buildings and structures on land and surface and
underground water) on and/or in which a substance is present at a concentration which
exceeds that normally present (i.e. commonly referred to as the background level) and
the presence of which presents, or would be likely to present, a risk of harm to human
health and/or a risk of environmental harm (Barnes et al 2013).

Contaminated site means the area impacted by the contaminant. The parcel(s) of
land where remediation activity is occurring.

Dig and dump (ex-situ offsite) involves the excavation and removal of the
contaminated soil from the site and its transportation to a landfill site where it is stored
and monitored.

Encapsulation (in-situ) comprises the physical isolation and containment of the
contaminated material. In this technique, the impacted soils are isolated by low-
permeability caps, slurry walls, grout curtains, or cut-off walls.

Environmental regulator refers to the government agency in each state or territory
that has responsibility for matters relating to contaminated sites.

Ex-situ offsite remediation involves remediation options where the affected medium
(soil, water) is removed from its original location and either stored or cleaned offsite.

Ex-situ onsite remediation involves remediation options where the affected medium
(soil, water) is removed from its original location and cleaned or stored onsite.

Immobilising/stabilisation (in-situ, ex-situ) refers to a process that reduces the risk
posed by a waste or soil by converting the contaminant into a less soluble, immobile,
and less toxic form.

Incineration (ex-situ offsite) involves excavating and heating soils so that the
contaminants are destroyed.

In-situ remediation involves treatment of contaminants in place using technologies
such as microbial bioremediation.
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Microbial bioremediation (in-situ) utilises microbial activity to remove or degrade
contaminants in groundwater, waste or soil.

Mining (ex-situ onsite, ex-situ offsite) involves excavation, screening and separation
and recycling of all old landfill material. Unusable or contaminant-producing materials
are then stored.

Monitored natural attenuation (MNA) may be used after remediation has been
carried out to the extent practicable through other technology types. It may be
acceptable to allow the residual contamination to degrade naturally (i.e. monitored
natural attenuation). This particularly applies in the case of residual groundwater
contamination, where the residual matter poses a low risk.

Nanoremediation (in-situ) involves introducing chemical substances containing
microscopic particles called nanoparticles to destroy or degrade the contaminant in the
soil or groundwater to an acceptable level.

Phytoremediation (in-situ) uses plants to clean up contaminated soils and
groundwater. This process takes advantage of the ability of plants to take up,
accumulate, stabilise and/or degrade contaminants in soil and groundwater.

Proximity (distance to site) is considered in remediation guidelines (CRC CARE
2019n). The proximity of residential areas or sensitive receptors — childcare centres,
hospitals, schools or nursing homes — to the contaminated site will have a bearing on
the degree of engagement required (Heath et a/ 2010).

Permeable reactive barrier (in-situ) involves introducing a chemical treatment wall
into the groundwater flow — as contaminated groundwater passes through the
treatment wall, the contaminants are either trapped by the treatment wall or
transformed into harmless substances that flow out of the wall.

Physical remediation generally involves a range of physical techniques such as
vacuum extraction (to remove contaminants in vapour form), soil washing, and
separation. Excavation and removal of contaminated soil and disposal in a landfill is a
common method of remediation.

Remediation means the clean-up or mitigation of pollution or of contamination of soil
or water by various methods (CRC CARE 2019I).

Remediation service provider means any entity in the private sector professionally
engaged in the assessment, remediation or management of contaminated sites.

Residents are the affected individuals and/or groups residing in a locality near a
contaminated site who may be affected by contamination from the site or the
remediation process associated with the site (Heath et al 2010).

Responsible party is the party who is responsible for remediation at a contaminated
site. Each state and territory legislates for the regulation of activity related to
contaminated sites. In Australia the ‘polluter pays principle’ is generally adopted to
determine liability and responsibility for the remediation and management of a
contaminated site. If it is not possible or practicable to impose liability on the polluter,
each jurisdiction has legislative powers to issue notices to appropriate persons.

Risk means the probability in a certain timeframe that an adverse outcome will occur to
a person, group, or ecological system that is exposed to a particular dose or
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concentration of a hazardous agent; the level of risk depends on both the toxicity of the
hazardous agent and the level of exposure (Heath et al 2010).

Risk communication is an interactive process involving the exchange among
individuals, groups and institutions of information and expert opinion about the nature,
severity and acceptability of risks and the decisions to be taken to combat them. Risk
communication is delivered most efficiently in the context of a well-structured
stakeholder engagement process.

Risk management is a coordinated set of activities and methods that are used to
direct and to control risks (CRC CARE 2013a).

Risk perceptions are the subjective judgements that people make about the
characteristics and severity of a risk. Perception of risk can be influenced by numerous
factors beyond just the scientific data (CRC CARE 2019I; NEPC 2013).

Stakeholder is often used interchangeably with the term community. For the purposes
of this guideline, stakeholder means an individual, group, organisation or other entity
that may be interested in, or affected by, the remediation and management of a
contaminated site. Depending on specific site circumstances, stakeholders may include
residents, site owners, public health officials, government regulatory authorities, media
outlets, businesses working on site, and environmental or other action/interest groups,
as well as site owners and people working on the project (CRC CARE 2019n).

Stakeholder engagement is the process of engaging and communicating with people
(individuals and groups) who have an interest, or stake, in the remediation and
management of a contaminated site. It can include a variety of approaches:

e toinform — one-way communication or delivery of information

to consult — providing for ongoing stakeholder feedback

e toinvolve — a two-way process to ensure stakeholder concerns are considered as
part of the decision-making process

e to collaborate — developing partnerships with stakeholders to make
recommendations, and

o to empower — allowing stakeholders to make decisions and to implement and
manage change (CRC CARE 2019l).

Sustainability means an integrated assessment of the environmental, economic, and
social impacts of remedial activities which meets the needs of the present without
compromising the ability of future generations to meet their own needs

(CRC CARE 2013a).

Sustainable remediation is a remediation solution selected through the use of a
balanced decision-making process that demonstrates, in terms of environmental,
economic and social indicators, that the benefit of undertaking remediation is greater
than any adverse effects.

Thermal desorption (ex-situ onsite) involves excavating and heating soils so that
contaminants are vaporised and the vaporised contaminants are then collected and
treated by other means.
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Thermal vapour extraction (in-situ) involves injecting heat into the soil or waste so
that contaminants are vaporised and extracting the vapour that is formed by the heat.

Thermal remediation generally refers to the use of heat to de-contaminate an area.
Thermal remediation can be done onsite (in-situ) (e.g. steam injection, resistance
heating and conductive heating); or by carrying out a treatment of excavated soil offsite
(ex-situ). In particular, thermal treatment is used to treat recalcitrant compounds such
as persistent organic pollutants.

Worker means any person who carries out work for a person conducting a business or
undertaking, including work as an employee, contractor, subcontractor, self-employed
person, outworker, apprentice, trainee, work experience student, employee of a labour
hire company placed with a host employer, or volunteer.
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