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Consultation on IESC Information Guidelines Explanatory Note: Using impact pathway
diagrams based on ecohydrological conceptualisation in environmental impact
assessment.

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) is seeking comment on the draft Information Guidelines
Explanatory Note: Using impact pathway diagrams based on.ecohydrological
conceptualisation in environmental impact assessment.

The IESC notes the draft nature of the Explanatory Note and welcomes feedback on the
content, usability and applicability. In particular, views are sought on:

e the technical content within the draft Explanatory Note. Are there any areas that are
missing or not captured adequately?

e the relevance to your specific area of work; and
e potential options to increase uptake and adoption.
The IESC and the Information Guidelines

The IESC is a statutory’body under the Environment Protection and Biodiversity
Conservation Act 1999 (Cth). One of the IESC’s‘key legislative functions is to provide
independent scientific advice to the Australian Government Environment Minister and
relevant state ministers in relation to.coal seam gas (CSG) and large coal mining (LCM)
development proposals that are likely to have a significant impact on water resources. The
IESC Information Guidelines outline the information project proponents should provide to
enable the IESC to provide robust scientific advice on the potential water-related impacts of
CSG and LCM developments proposals. For some topics, Explanatory Notes have been
written to supplement the IESC Information Guidelines, providing tailored guidance and up-
to-date robust scientific methodologies and tools for specific components of Environmental
Assessments on coal seam gas and large coal mining developments. Case studies and
practical examples of how to collect and present relevant information are also included.

Information Guidelines Explanatory Note: Using impact pathway diagrams based on
ecohydrological conceptualisation in environmental impact assessment

The draft Explanatory Note has been developed to promote the use of impact pathway
diagrams based on ecohydrological conceptualisation in environmental impact assessment
to map sources, pathways and receptors of impacts arising from, for example, Large Coal
Mines and Coal Seam Gas development.

GPO Box 3090, Canberra ACT 2601| Email: IESCSecretariat@dcceew.gov.au |  Website: www.iesc.gov.au

This initiative is funded by the Australian Government Department of Climate Change, Energy, the Environment and Water



iesc

Independent Expert Scientific Committee
on Coal Seam Gas and Large Coal Mining Development

CONSULTATION DRAFT — NOT FOR OFFICIAL USE

The EPBC Act lists “a water resource, in relation to coal seam gas development and large
coal mining development” as a matter of national environmental significance. A water
resource is defined under the Water Act 2007 (Cth). It covers surface water or groundwater
or a watercourse, lake, wetland or aquifer (whether or not it currently has water in it) and
includes all aspects of the water resource (including water, organisms and other
components and ecosystems that contribute to the physical state and environmental value

of the water resource. &
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Overview

The role of the IESC

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development (IESC) is a
statutory body under the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act). The IESC’s key
legislative functions are to:
o provide scientific advice to the Commonwealth Environment Minister and relevant state ministers on
coal seam gas (CSG) and large coal mining (LCM) development proposals that are likely to have a

significant impact on water resources;

o provide scientific advice to the Commonwealth EnvironmentdMinister on bioregional assessments in
the areas of CSG and LCM development;

U provide scientific advice to the Commonwealth Environment Minister on research priorities and
projects;

. collect, analyse, interpret and publish scientific infermation about the impacts of CSG and LCM

activities on water resources;

U publish information relating to the development of standards for protecting water resources from the
impacts of CSG and LCM development; and

o provide scientific advice on other matters in response to a réquest from the Commonwealth or

relevant state ministers.

Further information on the IESC’s role is on the IESCwebsite (https://www.iesc.gov.au/).

The purpose of thelExplanatory Notes

One of the IESC’s key legislative functionsis to provide sciéntific advice to the Commonwealth Environment
Minister and relevant state ministers in relation to CSG and LCM development proposals that are likely to have a
significant impact on water resources. The IESC outlines its specific information requirements in the IESC
Information Guidelines (IESC 2018) for‘proponents preparing coal secam gas and large coal mining development
proposals. This information is requested to enable the JESC to formulate robust scientific advice for regulators on
the potential water-related impacts from €SG and LCM developments.

For some topics, Explanatory Notes have beenwritten to supplement the IESC Information Guidelines, giving
more detailed guidance to help the CSG and LCM industries prepare environmental impact assessments. These
topics are chosen based on the IESC’s experience of providing advice on over 100 development proposals.
Explanatory Notes provide guidance rather than mandatory requirements. They are typically high-level documents
that review up-to-date and robust methods and tools for specific components of environmental impact assessments.

This Explanatory Note desctibes the benefits of using impact pathway diagrams to integrate and communicate the
diverse information in the documentation of environmental impact assessment, and suggests ways to generate these
diagrams to portray potential risks to water resources from a proposed development.

The IESC recognises that approaches, methods, tools and software will continue to develop. The Information
Guidelines and Explanatory Notes will be reviewed and updated as necessary to reflect these advances.

Legislative context

The EPBC Act states that water resources in relation to CSG and LCM developments are a Matter of National
Environmental Significance.

A water resource is defined by the Water Act 2007 (Cth) as (i) surface water or groundwater; or (i) a water course,
lake, wetland or aquifer (whether or not it currently has water in it); and includes all aspects of the water resource
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(including water, organisms and other components and ecosystems that contribute to the physical state and
environmental value of the resoutce)’.

Australian and state regulators who are signatories to the National Partnership Agreement seek the IESC’s advice
under the EPBC Act at appropriate stages of the approvals process for a CSG or LCM development that is likely to
have a significant impact on water resources. The regulator determines what is considered to be a significant impact
based on the Significant Impact Guidelines 1.3 (DCCEEW 2022).
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Executive Summary

Environmental impact assessment aims to predict potential impacts of a proposed project on valued assets such as
groundwaters, surface waters and their associated biota and ecological processes. It is done early in project planning
to find ways to reduce adverse impacts and present the predictions and options to regulators and other decision-
makers. Typically, the assessment requires a multidisciplinary team of consultant experts with skills in, for example,
earth sciences, hydrogeology, hydrology, ecotoxicology and ecology. These experts work together to predict what,
how, when and where impacts from the project might affect environmental assets, especially highly valued ones such
as water resources. The result is one or more reports that usually include multiple appendices, extensive datasets and
detailed numerical and analytical models.

However, very few of these reports bring the information together into an initial ecohydrological conceptual model
(ECM) and use it to generate diagrams of the pathways by which impacts of the proposed project are predicted to
adversely affect environmental assets. An ECM is a type of conceptual model that integrates information on
hydrological (surface water and groundwater) components with ecological ones (e.g., animal and plant species,
communities and ecosystems) to understand and communicate theif interactions.

As their name suggests, Impact Pathway Diagrams (IPDs) are diagrams that illustrate how impacts of a proposed
project are predicted to adversely affect environmental asséts (receptors), the potential pathways of the impacts from
sources to receptors, and how these pathways might interact with each other. When supetimposed on maps of the
project area, IPDs also indicate where such impacts might oecur. As most of the impact pathways affecting water
resources are ecohydrological, drawing up an initial ECM of the project area.is an excellent statting place for
generating IPDs.

The process of generating these diagrams greatly helps the team of experts share their understanding and knowledge
to predict a project’s potential environmental impacts. The collaborative ptocess should begin early with the team
listing potential impacts, sources and environmental receptors,before drawingup possible impact pathways from
sources to receptors. Using maps of the project area, the experts can then discuss where and how these pathways
might operate and what site-specific baseline data atre needed tosupport the predictions. As these baseline data are
collected, the diagrams can be progressively refined for inclusion in the final report, supported with a narrative that
justifies the impacts and ‘pathways that ate considered to bé most relevant.

The process has many benefits, ineluding;

e increased coherence in the assessment approach and documentation, especially among different discipline
aréas (e.g., matching flow-regime hydrological data to requirements of flow-dependent biota that may be
affected by a potentialimpact pathway);

e collection of relevant field data (saving time and money) because key impact pathways and likely ‘hotspots’
of vulnerable receptors are identified eatly so that parameters and monitoring programs can be targeted and
redundant information is not collected; and

e  cnhanced quality of the impact assessment by clearer illustration (the diagrams and their natratives) of what,
where and how key impacts might occur and what mitigation options are feasible.

The product is one or more IPDs based on an initial ECM to portray the proponent’s conceptualisation of potential
impacts and their sources, stressors, pathways and receptors within and near the project area. These diagrams have
many benefits in environmental impact assessment because they:

e provide effective visual summaries of potential impact pathways, many of which are hydrological, from

sources to relevant receptors (water resources);

e can be presented at multiple levels (as ‘sub-models’) and superimposed on maps of the project area to reflect
heterogeneity across the development area and/ot focus on particular soutces, receptots or pathways;

e highlight where information is needed to support assumptions about inferred pathways and their importance,
and where there are multiple hypotheses about impacts that require further investigation;

e indicate pathways where mitigation is feasible to reduce risks to vulnerable receptors, and guide project-
specific monitoring (e.g., relevant parameters and sampling locations) to assess the effectiveness of proposed
mitigation strategies;

e are powerful tools for integrating information from different sections of the assessment documentation to
best convey evidence for a proposed development’s potential impacts;
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e when done eatly in the assessment process, can help define the quantities of interest and key predictions in
subsequent surface and groundwater modelling, and

e can provide environmental context for associated groundwater and surface-water numerical models.

Generating IPDs based on an informed understanding of the ecohydrological attributes of the proposed
development results in a smoother and more thorough assessment process for little extra work. No extra
information is required beyond what already should be provided. For proponents and their consultants, the approach
is likely to reduce work and save time (money) because the more systematic integration illustrated through the
diagrams helps focus effort on the most important pathways. For regulators, the approach generates clearer
assessments of potential impact pathways and their likely interactions. It also illustrates more accurately where water
resoutces in the project area may be adversely affected and what mitigation options are available. Thus, there are
substantial benefits in this conceptual modelling approach for all users. Furthermore, as it is based on a site-specific
ECM, it acknowledges the fundamental role played by ecohydrological linkages between sources of impacts in the
project area and the water resources that may be impacted by the development.

This Explanatory Note begins with a brief review of IPDs, describing their ‘building blocks’ and presenting some
examples from the mining and gas-extraction literature. An approach for generating an initial ECM and derivative
IPDs is then described, illustrated using a hypothetical worked example of an open-cut coal mine in the Bowen
Basin. The worked example is followed by discussion of how to.use IPDs to portray the impact pathways of a given
development, show how these pathways might convey impacts to vulnerable receptors, identify relevant knowledge
gaps, guide the design of monitoring programs, and identify and justify potential strategies to avoid or mitigate
environmental impacts.

This Note is intended as a primer to guide conceptualisation of the ecohydrology of the area subject to development
and the preparation of IPDs and maps for showing potential pathways by which a proposed project might have
impacts on water resources. It does not cover mote complex forms of conceptual modelling (e.g., causal network
analysis, Bayesian approaches), formal ecological risk assessment or quantitative techniques for assessing evidence in
environmental impact assessment. However, the IPDs desctibed in this Note can be used as a basis for these more
complex forms.

It is also important to recoghise that this,Note is not intended.as a comptehensive review of the rich literature on
conceptual or causal models, nor does it explore the inevitable limitations and biases of different approaches to using
IPDs in environmental impact assessment. Instead, the content is intentionally pitched to meet the needs of
collaborating consultants secking,a way to use IPDs to understand and portray potential hydrological and ecological
impacts from a proposed development and to draw together the different components of work for the final report.

IESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines 7
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1. Introduction

This Explanatory Note promotes the use of impact pathway diagrams based on ecohydrological conceptualisation in
environmental impact assessment to map sources, pathways and receptors of impacts arising from, for example,
LCM and CSG development. The Note focuses on potential water-related impacts because of the IESC’s legislated
role (see Overview) but the benefits and approaches of such conceptual modelling apply equally to assessment of
environmental impacts of other activities. A key point is that the approach involves little extra work but is likely to
save substantial time (money) for proponents and their consultants because it helps focus effort in data collection on
the most important pathways and how impacts might be monitored and mitigated. There are also benefits to
regulators because the approach generates clearer portrayals of potential impact pathways and their likely interactions
that are easier and quicker to assess.

Conceptual models are simplified representations of a system of interacting«components and their linkages. They are
widely used in many disciplines as a powerful tool for developing understanding and communicating relationships
among components in complex systems. For example, ecohydrological conceptual models (ECMs) are a type of
conceptual model often used to develop understanding and communicate relationships between hydrological
(surface water and groundwater) components and ecological ones (e.g., specific taxa, communities and ecosystems).
Conceptual models are particularly useful for integrating divefse datasets and otherinformation from different
disciplines to generate predictions about how a complex system might respond to changes in components, their
linkages or both. In environmental science, conceptual tnodels are sometimes also called ‘causal models’ (e.g.,
Bartolo et al. 2017) and their output diagrams termed ‘causal.networks’ (e.g., Peeters et al. 2022).

The process of constructing a conceptual model is valuable because it requires the team of experts who are
developing the model to explicitly define components and their linkages, specify assumptions and identify knowledge
gaps. Because conceptual models are a trade-off between practical usefulness and real-life complexity, the process
also involves careful consideration of which components.and linkages ate televant for the model’s purpose so that
the product is not over-simplistic but also not so complex that it is difficult to,use (i.c., ‘requisite simplicity’ sezsu
Stirzaker et al. 2010). Further helpful information on uses and types of conceptual models can be found on the
Australian and New ZealandGuidelines for Fresh and Marine Water Quality website
[https://www.waterqualityigov.au /anz-guidelines/resoutces /key-concepts/conceptual-models].

Impact pathway diagrams (IPDs) are atype of conceptual model. As their name suggests, they are diagrams that
illustrate how impacts of a proposed project are predicted to adversely affect environmental assets (receptors), the
potential pathwaysof the impacts from‘sources to'receptors, and how these pathways might interact with each other.
When supetimposed on maps of the project area, IPDsalso indicate where such impacts might occur. Such diagrams
are powetful tools to complement the report’s text because they integrate the various sections of the report to
illustrate what, how and where impacts might.occur in the project area, shown in a format that is readily grasped by
the reader.

Where the receptors are water resources (Box 1), most of the impacts of human activities such as agriculture, mining
or urbanization are likely to be conveyed by ecohydrological pathways (e.g., stream flow, groundwater flux, riparian
zone-alluvium exchanges). Therefore, an ecohydrological conceptual model should be the basis for the IPDs used to
portray likely pathways of the environmental impacts of these activities. In an environmental impact assessment,
IPDs are a powerful tool forintegrating hydrogeological, hydrological, chemical and ecological baseline data and
other information to predict how one or more activities might alter the quantities and quality of surface waters and
groundwaters and therefore impact on water-dependent biota and ecological processes in a given area and
downstream. Such conceptual models ate particulatly useful as ‘evidence scaffolds’ (Norton and Schofield 2017) for
organizing and synthesizing multiple pieces of evidence from different studies to effectively illustrate and support the
assessment’s conclusions.

Box 1. Definition of ‘water resource’

In everyday use, the term ‘water resource’ usually refers to surface water or groundwater that is or can be
exploited for human uses. However, the legislative definition in the Water Act 2007 (Commonwealth of
Australia 2007) followed by the IESC is much broader:
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(a) surface water or ground water; or
(b) a watercourse, lake, wetland or aquifer (whether or not it currently has water in it):

and includes all aspects of the water resource (including water, organisms and other components and ecosystems that contribute to
the physical state and environmental value of the water resource).”

http://wwwb.austlii.edu.au/au/legis/cth/consol act/wa200783/s4.html.

As these ‘aspects of the water resource’ encompass the water quality, biodiversity, ecological condition and
biogeochemical processes of all water-dependent ecosystems, the term ‘water resource’ is a useful shorthand
in this Explanatory Note to refer to all hydrological and ecological components of surface waters,
groundwaters and groundwater-dependent ecosystems (GDEs) in a given area.

Many of these components are hydrologically linked to each other (e.g., during flooding, via groundwater
flowpaths or when ephemeral streams flow). Therefore, intact hydrological linkages are essential to the
biodiversity, condition and integrity of connected water resources and contribute to their physical state and
environmental value. Disruption of one or more of these hydrological linkages is a common impact arising
from human activities such as agriculture, urbanisation and mining.

This Explanatory Note starts by describing ecohydrological IPDs and explaining how their use can enhance the
quality, efficiency, clarity and communication of environmental impact assessments (Section 2). This section also
defines the ‘building blocks” of IPDs, and présents three examples from the mining and gas extraction literature. A
key theme in this section is the importance of basing IPDs on a robust ecohydrological conceptualisation when
evaluating potential impacts of a development on watettesources in and near the project area because most of the
impacts are likely to be conveyed by ecohydrological pathways.

Section 3 describes an approach to generating IPDs based on an ecohydrological conceptualisation. Although the
approach is flexible and informal, there is.a logical sequence of steps that facilitates the efficient generation of IPDs
and associated maps and natratives. This approach is illustrated with a wotked'example of a hypothetical open-cut
coal mine set in the Bowen Basin, Queensland.

Section 4 outlines how to use IPDs in environmental impact assessment to portray the impact pathways of a given
development, show how these might convey impacts to vulnerable receptors, identify relevant knowledge gaps, guide
the design of monitoring programs, and identify and justify potential strategies to avoid or mitigate environmental
impacts. The Note ends with a summary of the main points and some conclusions (Section 5).

Although the target audience is consultants prepating environmental impact assessment reports, this Note may also
be useful for regulators and other readers secking to understand the interacting impact pathways associated with a
given development and, evaluate how a proposed project might have impacts on water resources. It is important to
reiterate that this Note is\intended only as a primer to help practitioners prepare IPDs and their associated
narratives. It does not deseribe more complex forms of conceptual modelling (e.g., causal network analysis, Bayesian
approaches), formal ecologieal tiskassessment or quantitative techniques for assessing evidence in environmental
impact assessment.

This Note expands on the description of IPDs in the Information Guidelines IESC 2023) and complements the

discussions of ecological conceptual models in other Explanatory Notes (e.g., Doody et al. (2019) for assessing
GDE:s, Peeters and Middlemis (2022) for uncertainty analysis in groundwater models).

IESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines 9
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2. Impact pathway diagrams: benefits and
some examples

2.1 Introduction

In this Explanatory Note, we discuss how impact pathway diagrams (IPDs) based on an ecohydrological
conceptualisation can be powerful tools in environmental impact assessment to portray pathways by which some
anthropogenic (human-induced) driver such as mining might affect environmental receptors; in this case, water
resources as defined in Box 1.

An initial ECM and derivative IPDs should be drawn up as early as possible during the environmental
impact assessment process and soon after the locations, extent and durations of activities (e.g., vegetation
clearance, coal extraction) have been proposed. Locations of receptors such as wetlands, streams, aquifers and
potential groundwater-dependent vegetation in and near the project area can be readily obtained from maps and
internet resources (e.g., GDE Atlas (BOM undated)) although it is unlikely any ficld data on their condition might
yet exist. As the conceptual modelling is preliminary, the lack of field data is not a problem. Initial discussions during
the model development will help flag where and what data should be collected for receptors,in the baseline surveys.

A good way to start (described in Section 3) is for the multidisciplinary consultant experts to meet and, using maps
of the project area, agree upon the likely sources of impacts from the/development and which reeeptors (e.g., water
resources) may be affected. They then collaboratively draw up an ECM linking hydrological and ecological entities
and processes within the proposed developmentarea and use this conceptualisation to generate one or more IPDs of
the potential impact pathways from the activitics to the receptors. These diagtams also provide the basis for
preliminary discussions of which risks and pathways are likely to be important and what further data are needed to
evaluate each pathway and assess mitigation options. As more field data and other information become available, the
ECM and derivative IPDs<can be refined for inclusion in the final assessment report.

When assessing environmentalimpacts, the decision to omit particular pathways from an IPD must be
justified and supported with convincing evidence. For example, the ECM might indicate a surface-flow pathway
of seasonal inundatien of a floodplain wetland near.a proposed development area but convincing evidence is
presented by the proponent to show that the development will not alter the flooding regime or water quality.
Therefore, the IPD would omit this ecohydrological pathway.and the accompanying narrative would explain why.
Conversely, a proposed development may be likely to createa new pathway that needs to be included in the IPD
because it potentially impacts on‘one or more water resources. For example, predicted subsidence during long-wall
mining below a perched swamp may ctack its base and create a novel vertical flow path that severely alters the
swamp’s water regime and may impact its biota and ecological processes.

This section begins by teviewing the many benefits of using IPDs based on an ecohydrological conceptualisation in
environmental impact assessments (Section 2.2). It then describes the ‘building blocks’ (components) of impact
pathways (Section 2.3), and presents three examples from the mining and gas-extraction literature (Section 2.4).

2.2 Benefits of IPDs in environmental impact assessment

Reports describing environmental impact assessments of proposed developments such as mining routinely include
conceptual models of, for example, hydrogeological conditions in the project area. However, it is very rare for these
reports to present IPDs that portray predicted impact pathways, despite their fundamental value in understanding
and communicating potential environmental impacts of the development. When the receptors are water resources,
such IPDs and their narratives should be based on an ecohydrological conceptualisation of the linkages between
hydrological and ecological entities and processes within the proposed development area because most of the impact
pathways will follow ecohydrological routes.

A report by the US EPA (2014) assessing the potential impacts of mining on salmon ecosystems of Bristol Bay,
Alaska (Box 2) is a powerful demonstration of the benefits of this approach for effectively portraying complex
impact pathways (Figure 2.1) and summarising their mechanisms and processes. Further details on this case study are
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presented in Section 2.4, and the tools and methods are outlined in the US EPA’s website
(https://www.epa.gov/caddis) on the Causal Analysis/Diagnosis Decision Information System (CADDIS).

Box 2. An example of the effective use of IPDs in the assessment of potential mining impacts
on salmonid ecosystems of Bristol Bay, Alaska

The catchment of Bristol Bay is rich in ecological resources, including one of the world’s most productive
salmonid fisheries. It is also rich in mineral resources (especially copper) with considerable potential for large-
scale mine development in the region. Because these deposits contain relatively small amounts of metals
relative to the amount of ore, mining will be economic only if conducted over large areas and it will produce
large amounts of waste material. Based on preliminary plans developed for Northern Dynasty Minerals, the
US EPA (2014) evaluated potential impacts on salmonid ecosystems of three mining scenarios based on the
amount of ore processed: Pebble 0.25 (approximately 0.23 billion tonnes over 20 years), Pebble 2.0
(approximately 1.8 billion tonnes over 25 years) and Pebble 6.5 (approximately 5.9 billion tonnes over 78
years). Each mine scenario included a 138-km transportation corridor comprising a gravel road and four
pipelines.

One of the many strengths of this assessment is its extensive use of multiple IPDs to portray potential
impacts of mining on the Bay’s salmonid ecosystems, demonstrating the benefits of this approach for
environmental impact assessment. For example, one IPD (Figure 2.1) illustrates how four sources (defined in
Section 2.3) associated with the transportation corridor may impact on salmon and other fishes. Of particular
value is the way this IPD indicates the directions of change in the various components (arrows within the
symbols) so that a reader can follow the logic along a pathway of how the sequence of processes may lead to
declines in salmon abundance, productivity or diversity. Furthermore, relevant interactions among the
pathways are shown (e.g., for suspended and bed sediments), along with sufficient details of various processes
(e.g., change in downstream water flows) to show the predicted effects of different elements of the altered
flow regime (high flows vs intermittency).

See figure over page
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Figure 2.1. IPD of the potential impacts of the 138-km transportation corridor on salmon and other fishes in the Bristol Bay catchments (reproduced from Fignre 10-3, US EPA 2014).
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There are at least seven benefits for proponents and their consultants in preparing and presenting IPDs in
assessments of environmental impacts of a development on water resources within and near the proposed
project area.

1. They provide effective visual summaries of known and hypothesized impact pathways from sources to
relevant receptors (water resources);

2. They can be presented at multiple levels (as ‘sub-models’) to reflect heterogeneity across the
development area and/or focus on particular sources, receptors or pathways (e.g., Box 2),
complemented with concise narratives that highlight sites of particular importance (e.g., remnant native
vegetation, high-quality groundwater) and cross-refer to relevant sections of the environmental
assessment documents;

3. The diagrams and their narratives can highlight where information is needed to support assumptions
about inferred pathways and their likely importance, and where there are multiple hypotheses about
impacts that require further investigation, and can be used to tatget project-specific monitoring to
address these information gaps;

4. When combined with maps of the project area,they indicate pathways where mitigation is feasible to
reduce risks to vulnerable receptors, and guide project-specific monitoring (e.g., relevant parameters and
sampling locations) to assess the effectiveness of proposed mitigation strategies;

5. They are powerful tools for integrating information from diffetent sections of the assessment
documentation to best convey evidence for a proposed development’s potential impacts;

6. When done early in the assessment process, they can help define the quantities of interest and key
predictions for subsequent surface and groundwater modelling; and

7. They can provide useful environmental context for associated groundwater and surface water numerical

models.

IPDs and supporting maps also greatly help regulators and other readers of the assessment documentation. The
main advantages are in being able to quickly see which impact pathways are likely to be most relevant, which
pathways require no further consideration (and.why), which receptors are at greatest risk, and how this risk can be
reduced by proposed mitigation. As the models are complemented with concise narratives that cross-refer to relevant
sections of‘the assessment documentation, readers can efficiently access the information and data supporting the
proponent’s claims. This is especially useful because such documentation is often substantial with multiple
appendices.

Benefits for proponents and their consultants also arise from the process of developing IPDs in environmental
impact assessment. Because IPDs and their initial ecohydrological conceptualisation draw on multiple different
sources of information in the assessment documentation (Point 6 above), the process of compiling these requires
collaboration across different disciplines. Typically, this will involve the various consultant experts who are preparing
the documentation to meet upiearly it the process and explicitly define the relevant components (e.g., sources,
stressors and receptors, see Section 2.3) and their ecohydrological and impact pathways in and near the development
area.! This early discussion is beneficial because it helps ensure that the expert consultants share a collective
understanding of the project’s likely environmental risks and impact pathways, they know what each other plans to
do and what data will be collected, and they can work together more efficiently to produce the final report.

Such collaboration may need to occur several times while the environmental impact assessment is being done. The
first meeting can occur soon after the locations, extent and durations of activities (e.g., vegetation clearance, coal
extraction) have been proposed. Based on the initial ecohydrological conceptualisation, one or more preliminary
IPDs can be drafted that show all the possible impact pathways from the activities to the receptors. Solid lines can be
used to indicate which pathways are likely to be important while dotted lines indicate unlikely or less important
pathways. There can also be discussion about which receptors are especially vulnerable and these can be indicated on
the maps of the project area.

! In this Explanatory Note, we are assuming that a proponent has employed multiple consultants from different
disciplines such as hydrogeology, hydrology, ecotoxicology and ecology to contribute relevant sections to the
assessment documentation.
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This preliminary conceptual modelling and mapping exercise is also an excellent way to identify what further
information (including baseline field data) will be needed to assess the condition of the receptors, evaluate each
pathway and assess mitigation options. By the end of the discussions, each consultant in the different disciplines
knows what information to collect and how their input will complement that of the other consultants to ‘value-add’
to the evidence informing the environmental impact assessment. Such a process greatly helps minimise collection of
redundant information that cannot be used to support or justify claims made in the assessment documentation,
saving time and money.

Subsequent meetings of the consultants aim to refine the IPDs and accompanying narratives, confirming the
predicted importance of the impacts and pathways. If there have been any changes to the proposed activities or their
locations, extents or durations, these can be incorporated into the revised IPDs. There is also the opportunity to
evaluate how well the knowledge gaps have been addressed and to discuss optimal monitoring and mitigation
strategies. As the assessment draws to a close, final versions can be drafted of the initial ECM, the derivative IPDs
and relevant maps and narratives for inclusion in the documentation.

The stages described in this Explanatory Note parallel many of the stepsfn the standard environmental impact
assessment process. For example, the initial meeting of consultant experts is equivalent to the scoping phase, the
baseline surveys and other studies to fill key knowledge gaps identified during the meetings of the consultants are
equivalent to the assessment studies, and the preparation and presentation of the ECMs, IPDs and accompanying
narratives are equivalent to preparing the final report.

2.3  The ‘building blocks’ of IPDs

The pathways in IPDs are typically represented as linking consecutive categories of components (Figure 2.2), starting
with drivers and ending in receptors that, in‘this.context, are watet resources as defined in Box 1. Unfortunately, the
hydrological and ecological literature often uses different names for some of these components (Table 2.1). We have
adopted the terminology used in US EPA (1998,2014, 2017), Bartolo et al:,(2017) and the Australian Government’s
Geological and Bioregional Assessment Program (Peeters et al. 2021, 2022) because these seem to be the most
common terms currently used in Australian environmental impact.assessment.

Process Process
(o e | iy () i e

Figure 2.2. The consecutive categories of components along an impact pathway from a driver to a receptor in a typical IPD. Note that processes may occur

before and after stressors along the pathway. See Table 2.1 for definitions and Synonyms of the five components.

Table 2.1 Terms, definitions, synonyms and examples for the categories of components along a pathway
from a driver to a receptor (Figure 2.2) for a typical IPD or ECM.

EPBC = Environment Protection and Biodiversity Conservation Act 1999

Term Definition Synonym(s) Examples
Driver “Major external driving forces (human or Driving force Natural: climate, geology, latitude
natural) that have large-scale influences on Human: climate change,
natural systems” (Peeters et al. 2021). urbanization, agriculture, mining,
gas extraction
Source An entity or action that generates or Activity Entity: pipelines, roads, mine-
increases stressors in the environment (but affected-water storages
at smaller scales than drivers). Action: vegetation clearance, ore
extraction, dam spill
Stressor ““...any physical, chemical or biological Threat, agent,  Physical: altered flow regimes,
entity that can induce an adverse response”  impact variable temperature, pH, turbidity
(US EPA 1998). Chemical: metals, process

chemicals, pesticides
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Biological: invasive species,
bacterial and viral pathogens

Process “...any environmental process Exposure Physical: surface runoff,
that provides a pathway to release, disperse  pathway, groundwater flux, in-channel
or transform a stressor pathway flow, erosion
from a source” (Stauber et al. 2022). Chemical: dissolution,

precipitation/flocculation,
Biological: movements such as
migration and foraging, predation

Receptor ““...the ecological entity exposed to the Endpoint, Tissue: liver, skin
stressor. This term may refer to tissues, ecological Organisms and populations:
organisms, populations, communities, and component, EPBC Act-listed species,
ecosystems” (US EPA 1998). biological stygofauna, aquatic invertebrates,
system native fishes, waterbirds, humans

Communities: EPBC Act-listed
communities, riparian vegetation
Ecosystems: rivers, floodplains,
wetlands, groundwater-dependent
ecosystems

Drivers, defined as major external forces that have largesscale influences (Table 2.1), can be natural such as climate,
geology and latitude of a given area or anthropogenic (human-induced) such as climate change, urbanization and
resource development. In most environmental assessment documentation, IPDs focus on the.impacts of a single
anthropogenic driver such as coal seam gas extraction or large coal mining development. However, they should
consider the modifying effects of other relevant natural and anthropogenic drivers to capture important interactions
and potential cumulative impacts.

In IPDs, a source is any entity or action that generates ot ificreases stressorsiin the environment (Table 2.1). The
source may be associated with a natural driver such as climate when, for example, cyclonic rainfall increases
concentrations of suspended sediments (a stressor) in'runoff from a near-pristine floodplain (the source). In
environmental impact assessment, we are mainly interested in.soutces associated with anthropogenic drivers
associated with the proposed development. These sources ate either anthropogenic entities (e.g., mine pits, waste-
water dams, roads) or activities, (e.g., vegetation clearance, civil construction, exploratory drilling).

Stressors are physical, chemical'or biological entitics that can induce an adverse response. Table 2.1 lists examples of
these three types of stressors. Although stressors are usually listed as entities, it is useful to also specify the change in
the entity.that causes stress. For example, the stressor salinity may not induce an adverse response for a particular
species of freshwater fish until it starts to exeeed some threshold level. Unfortunately, precise thresholds of most
stressors are unknown for most species, communities and ecosystems, and therefore potential impacts must often be
inferred qualitatively. Furthermore, there are usually multiple stressors (natural and anthropogenic) acting together
which makes it even harder to infer potential impacts. Field and mesocosm experiments are often needed to explore
these cause-effect relationships (Stauber et al. 2022). Without this information, inferring collective impacts of
multiple stressors is a‘major source of uncertainty in IPDs in environmental impact assessment and must be
acknowledged in the narrative accompanying the conceptual models. The CADDIS website (US EPA 2017) has a
useful list of potential environmental stressors, along with conceptual models for each of them.

The term process describes the way(s) that a stressor is conveyed from one or more sources to one or more
receptors (Table 2.1). Therefore, processes can precede and follow stressors in the pathway (Figure 2.2). Some
authors (e.g., Entrekin et al. 2011, Bartolo et al. 2017) use ‘pathway’ as a synonym (Table 2.1) but this risks confusion
with use of the term to describe the complete set of linkages from driver to receptor. We prefer to follow Stauber et
al. (2022) and Peeters et al. (2021, 2022) in using ‘process’ because it encourages more specific depiction and
explanation of the physical, chemical and/or biological processes involved in the pathway from driver to receptor.
When receptors are water resources, these processes are usually ecological and/or hydrological ones that are
components of one or more ecohydrological pathways. This is why we strongly advocate that the consultant team
initially develop an ECM from which to derive IPDs for the proposed development.

Often, multiple processes are involved along a pathway. For example, a contaminant [stressor] seeping from a
tailings dam [source] to enter a nearby river may impact on downstream native fishes [receptor] via several
concurtent and/or consecutive processes: physical leaching and then entrainment by river flow, chemical dissolution
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and mobilisation in the river water and sediments, and finally biological uptake by fish either directly across the gills
or via prey (Figure 2.3). Note also that this example involves surface and subsurface ecohydrological pathways.

Tailings dam [source]

Mobilisation

Uptake via =
gills or prey i

Native fish
[receptor]

Figure 2.3. b a contaminant [stressor] in a tailings dam [source] might

adversely a

Impact pathways end i 2). e context of this Explanatory Note and the IESC’s focus,
receptors are wa i include all water-dependent species, communities and
ecosystems as well and biological components of surface waters and groundwaters.

Particular endpoints may be o equate to an explicit expression of an environmental value that must be
protected. These receptors ate ¢ assessment endpoints’ and their description must include an entity and a
specific attribute (Suter 2000). An example of such an assessment endpoint would be ‘maintenance of native fish
diversity’. Such attributes (or credible surrogates) that can be measured are termed ‘measurement endpoints’ (Suter
1990) and are crucial for assessing the condition of valued receptors and their responses to impacts. For the earlier

example, the measurement endpoint could be native fish species richness as an indicator of diversity.

For simplicity, this Explanatory Note uses the term ‘receptor’ but recommends that narratives accompanying IPDs
also specify one or more measurement endpoints for each receptor in the context of the proposed development. The
supporting impact assessment documentation should present appropriate baseline data for each of these
measurement endpoints, desctibe the changes expected in response to predicted impacts of the proposed
development, and explain how these responses will be captured by the project’s monitoring program (more details in
IESC 2018).
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2.4 Three examples of IPDs from the resource extraction literature

Before we describe how to generate IPDs (Section 3), it is useful to see some different examples in the literature. The
amount of detail in the output diagrams and, where provided, accompanying narratives is usually commensurate with
the expected severity and likelihood of the predicted impacts on valued receptors. Typically, projects with larger
development footprints and longer durations of resource extraction will require more detailed IPDs.

They may also include formal ecological risk assessment, defined as a process that evaluates the likelihood that
adverse ecological effects are occurring as a result of exposure to one or more stressors (US EPA 1998). This
Explanatory Note does not discuss formal ecological risk assessment (but see, for example, Burgman (2005), Bayliss
et al. (2012) or Quanz et al. (2020)). It also does not discuss pictorial conceptual models but see, for example the
Queensland Government’s WetlandInfo website | :
conceptual-models.html] for some very helpful guldance example models and further references. This latter resource
is especially useful for developing ECMs and summarising the main ecohydrological processes in a variety of surface
and groundwater environments.

2.4.1 A simple box-and-arrow IPD

As our focus in this Explanatory Note is on potential impacts on water resources, we have selected aquatic examples.
The first example is a simple box-and-arrow IPD from the review by Entrekin et al. (2011) on the threats posed by
natural gas development for surface waters. The IPD shows how three activities associated with hydraulic fracturing
may affect a very broadly defined receptor - stream ecosystem structure and function (Figure 2.4).

Hydraulic fracturing

v
e : - : T v
Activity E s - X hending )
Reuse
Source |M|m|é‘l%l*l§‘"‘"‘“ i [ Waste storage! m %
Withdrawal

Landscape alteration = Spillage/leakage
‘ Base
Riparian loss flow Inadequate
Potential stressors x treatment
and pathways Runoff Sl
7 S Direct discharge Runoff/leaching

X I XXX

Ecological
endpoint

Figure 2.4. Simplified IPD of potential threats from natural gas development throngh horizontal drilling coupled with hydranlic fracturing in
unconventional natural gas reservoirs. UIC = underground injection control; TDS = ftotal dissolved solids; TENORM = technologically enhanced

naturally occurring radioactive materials. Dotted lines indicate secondary effects from gas development. Reproduced from Figure 3 in Entrekin et al.
(2011).

Two of the strengths of this output ate that the stressors (green ovals in Figure 2.4) include an indication of the
direction of each stressot’s change, and that the overall diagram is clear, simple and easy to follow. This clarity is
partly achieved by amalgamating pathways that, although appropriate for use of this figure in a literature review, may
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be over-simplistic for an environmental impact assessment because individual pathways cannot be discriminated or
unambiguously associated with specific sources.

2.4.2 Complex box-and-arrow IPDs with detailed impact pathways

The second example, a large-scale report assessing potential impacts of several mining scenarios on salmonid
ecosystems in Bristol Bay, Alaska, was introduced in Box 2 and also uses box-and-arrow diagrams. It is revisited here
because it nicely illustrates how a very complex conceptual model of a large-scale project at various stages of mining
can be decomposed into several more-detailed finer-scale IPDs or sub-models focussed on specific pathways,
sources and stressors relevant for the salmonid receptor.

For example, the IPDs of predicted impacts of the mine construction stage on salmonids via alterations to physical
habitat (Figure 2.5a) and water chemistry (Figure 2.5b) would be challenging to present clearly on a single diagram. In
these two examples, pathways and their interactions are clearly portrayed. An excellent balance has been struck
between clarity and the detail of the different processes along each pathway (also see Box 2) which helps indicate
potential mitigation options (e.g., controlling erosion at stream crossifigs, preventing leakage from storages of tailings
and chemicals). Many of the IPDs in US EPA (2014) also show other relevantdrivers (e.g., climate change) and
modifying factors. The example in Figure 2.5¢ illustrates how these may influence the potential impacts of unplanned
events on the physical habitat and water chemistry of salmonid ecosystems, and is accompanied by a comprehensive
narrative in the report.
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Figure 2.5. IPDs of predicted impacts of mine construction on Bristol Bay salmonids via alterations to physical habitat (a) and water chemistry (b), and of unplanned events on physical habitat and water chemistry of salmonid

ecosystems (c). Reproduced from Figures 6-12, 6-13 and 6-14 in US EPA

(2014), respectively.
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All three of the IPDs in Figure 2.5 specify potential measurement endpoints (abundance, productivity, diversity) for
the two receptors. They also use different colours and shapes of symbols to effectively illustrate the different types of
components along the pathways. The IPDs do not portray the relative importance of the pathways. However, where
there are adequate baseline data, US EPA (2014) presents detailed narratives and ecological risk assessments for the
potential impacts of the eighteen stressors deemed as relevant to salmonid ecosystems in Bristol Bay.

US EPA (2014) also superimposes hypothetical development footprints of the three mining scenarios (Box 2) onto a
map of the surface water resources of the Bristol Bay catchment (e.g., Pebble 6.5, Figure 2.6a) and makes location-
specific predictions of, for example, altered streamflows (Figure 2.6b). Integrating IPDs with maps of the projected
development footprint to make site-specific predictions of changes in relevant stressors is a crucial step in
developing IPDs for environmental impact assessment (Sections 3.3 and 3.4). These outputs illustrate potential ‘hot-
spots’ where impacts may be substantial (e.g., >20% decreases or increases in streamflows, Figure 2.6b) and provide
valuable guidance on where to target mitigation and monitoring programs. As the consequences of impacts will vary
across the project area depending on, for example, the spatial distribution rces and vulnerable receptors, a
generic IPD cannot accurately present the relative importance of impac ays that apply at all locations in the
development’s footprint. Therefore, complementing IPDs with map, re 2.6 is very useful and is strongly
recommended in environmental impact assessment.

In their methodology paper on causal networks, Peeters et
stressors and impact pathways from box-and-arrow IPD
approach may be too complex for most environmenta
Peeters et al. (2022). However, it is mentioned here as a
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example ‘the g i n aspirational goal for proponents and their consultants preparing
an EIS where i a pacting on valued water resources and there are adequate

undergoing restoration) and
early 1980s. These data and o
its potential impact pathways dur;
stakeholders.

and actual environmental impacts have been intensively studied since the
mation have been used to develop and refine multiple conceptual models of
o operations to communicate the project’s environmental risks to the various

Bartolo et al. (2017) summatrise this conceptual modelling work, presenting an example of what they term a causal
model for the most important pathway: the transport of inorganic toxicants via the surface-water pathway to surface-
water receptors (Figure 2.7). This example is based on a conceptual model (Figure 2.7a) indicating six different
surface-water flowpaths superimposed on a diagram of the project area showing the locations of relevant sources
(e.g., tailings storage facilities, land application areas) and receptors (e.g., Magela and Gulungul creeks and their
tributaries). Representative surface-water flowpaths are colour-coded to represent their sources, providing a useful
indicator of their likely water quality and potential threat to downstream receptors. This conceptual model was used
to generate an IPD (Figure 2.7b) of potential surface water to surface water transport of inorganic toxicants (the
major stressor) from the mine. The locations of sources and teceptors are shown, along with inset diagrams of which
environmental compartments are likely to be affected, receptors and measurement endpoints.
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The assessment of relative importance of each impact pathway, the IPDs mapped onto the project area, the
specification of measurement endpoints, and the accompanying detailed narratives make this third example a ‘gold
standard’ for environmental impact assessment. Although few proponents and their consultants will have access to
sufficient expertise and site-level data to generate so many comprehensive models for an assessment, it should be
feasible to develop a simple ECM and one or more derivative IPDs, preferably mapped onto the project
area, and an accompanying narrative sufficient to describe the key sources, stressors and receptors along
relevant impact pathways. The next section suggests a way to generate these outputs, illustrated with a worked
example of a hypothetical open-cut mine.
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3. How to generate IPDs for
environmental impact assessment

3.1 Introduction

To capitalise on the many benefits of using IPDs in environmental impact assessment (Section 2), we need to know
how to generate them, the initial ECM and their narratives as efficiently as possible. As we have said eatlier, both the
products and the process are valuable. The products (diagrams and narratives) illustrate and explain the relevant
impact pathways, predicted responses and proposed mitigation options anddmonitoring strategies. The process draws
together the multidisciplinary consultants who are compiling the various.sections of the assessment documentation
and improves collective understanding of the likely environmental impacts. It is an iterative process because the
pathways in the initial ECM and IPDs are likely to be largely basedon desktop analyses and expert opinion whereas
subsequent diagrams can be refined with baseline data and other information from the project area.

In the assessment documentation, the ECM, IPDs and their narratives integrate geological, hydrogeological,
geomorphological, hydrological, physicochemical, chemieal, ecotoxicological and ecological baseline data and
information from and near the proposed project area to infer potential impacts on receptors — in this case, water
resources (defined in Box 1). One eatly information requirement is the predicted surface footprint of the project as
well as the likely maximum extent of groundwater drawdown and depressurisation. Another is the predicted changes
in surface flows and water regimes, and how far these might extend downstream. Potential changes in physical and
chemical water quality of surface waters and groundwaters are also important, especially during different stages of
the development and after operations finish. This information, along with relevant geological and geomorphological
information on faults, rock types and topography, delimits the potential impact area (PIA), defined by Peeters et al.
(2021) as the maximum areal extent of potential impacts of the development.

Knowing the PIA is essential for ecologists tasked with assessing the likelyimpacts of the proposed development on
aquatic and riparian plants, animals and ecological processes — key components of the area’s water resources. It also
guides the selection of reference sites where impacts from the development are predicted to not occur; water quality
and biota at these sites can be'monitored for comparison with those of potentially impacted sites (more details in the
IESC Guidelines2018). Inevitably, theré will be uncertainty in defining the boundary of the PIA (e.g., predicted
groundwatef drawdown contours, downstream cffects of altered flow regimes) so adding a ‘buffer zone’ around the
PIA helps minimise the risks of underestimating the area thatis truly impacted. If environmental impacts are likely to
be severe and their maximum spatial extent is\poorly known, a wider buffer zone is probably warranted.
Nonetheless, assessing the magnitude of the PIA.is not a simple task, especially for cumulative impacts, and the
boundaries of the PIA may change as new information and site-specific field data are gathered.

After emphasising the importance of catly discussion and multiple meetings of the team of expert consultants
(Section 3.2), this chapter describes an/approach for generating an ECM and one or more derivative IPDs in
environmental impact assessment, along with supporting maps and narratives (Section 3.3). The approach is
illustrated with a simple hypothetical scenario involving open-cut mining and diversion of an ephemeral stream.

3.2 The importance of starting collaboration early

Environmental impact assessment for activities such as LCM or CSG that may have significant impacts (as per the
Significant Impact Guidelines 1.3 (DCCEEW 2022)) on water resources requires a multidisciplinary team of consultant
experts with individual expertise in, for example, earth sciences, hydrogeology, hydrology, ecotoxicology and ecology.
These experts may not know each other and typically work for different consulting groups. As it is intended that
their various contributions will complement each other to result in a coherent report on likely environmental impacts
of a proposed development, it is crucial that each expert knows what other information is available or to be
collected. For example, a stream hydrologist will be keen to know what hydrogeological information is available on
surface water-groundwater interactions along river channels in the PIA while an aquatic ecologist will want to know
details of the channels’ flow regimes from the hydrologist.
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Therefore, it is strongly recommended that the various experts employed to do the assessment meet as soon
as possible to share existing information and agree on what field data are needed, including how information
from one discipline area might be used by others. We believe that the most efficient way to identify these
information needs is for all the experts to gather around a whiteboard with maps of the project area to collectively
list the major hydrogeological, hydrological, chemical and ecological components and processes (the basis for the
preliminary ECM), the potential impacts, their likely sources and associated stressors, and the environmental
receptors (water resources), and then draw up links on the board to represent possible impact pathways from sources
to receptors (the preliminary IPD). Using the maps, the experts can then discuss where and how these
ecohydrological and impact pathways might operate, and what baseline data from different discipline areas are
needed from particular locations in the PIA to support the predictions about each pathway and the likely
environmental responses.

This initial meeting has several advantages. The first is that the different experts are able to collaborate to generate a
preliminary ECM and IPD and agree on which activities and locations are likely to be important sources of impacts
and where vulnerable receptors lie in the PIA. These preliminary diagrams are powerful tools for collectively
identifying what the major potential impacts might be and where their effects might occur, and provide an important
focus for targeting subsequent collection of further information and field data.

The second advantage is greater efficiency in collecting information, saving time, effort and money. At the outset,
plans can be made to conduct concurrent fieldwork and baseline data collection'and. to share directories of
information. Where possible, data should be collected from areas and at spatial and temporal scales where the
information can be used by different experts. For example, aquatic ecologists doing seasonal surveys of wetlands and
streams might be able to also collect water quality samples for analysis by the ecotoxicologist.

The third advantage is reduced data redundancy because the initial meeting will have highlighted what data are
relevant and how (e.g., for testing predicted impact pathways and predicting environmental responses). All too often,
assessment documentation includes substantial amounts of data whose worth is difficult to see and that are seldom
discussed in detail because of their marginal relevance. Large amounts of redundant information risk distracting the
reader from the main messages of the assessment documentation.

The fourth advantage is the quality of the final assessment documentation, especially its clarity and coherence in
integrating the sections prepated by the different expert consultants. Subsequent meetings after the initial one should
culminate in a revised IPD that is well-supported with relevant field data and analyses. This final IPD can be
presented eatly in the report (and in the Executive Summaty) to provide an effective visual summary of the key
potential impacts and their pathways. The nattative accompanying the IPD contributes to the report’s coherence by
cross-referencing its different sectionswhere relevant supporting information is presented.

There is‘a rich literature on the frailties and biases in eliciting expert input for assessing risks and potential impacts
and how to avoid these pitfalls. Although this Note does not review this literature, it is important to be aware of
these biases duting the meetings of the expert consultants and when collating the input for deriving the IPDs and
associated narratives.

3.3 Generating,ECMs and IPDs in environmental impact assessment

Conceptual models are commonly generated by multidisciplinary teams to summarise and communicate their shared
understanding when starting to collaborate on a project where each discipline expert contributes knowledge and
insight to address a particular topic. Information and data are then collected to test the hypotheses that underpin the
conceptual models. The same approach is ideal for environmental impact assessment of a proposed
development, with the experts first generating a preliminary ECM to characterise the major ecological and
hydrological components and processes within the project area, and then using it to derive one or more
initial IPDs whose hypothesised pathways can then be tested with subsequent baseline and other data. This
hypothesis-testing results in final IPDs which can be presented as box-and-arrow diagrams and/or mapped onto
plan and oblique views of the project area and surrounds for incorporation into the final environmental impact
assessment documentation.

Some readers may find it helpful to see this approach presented as a workflow of consecutive steps (Figure 3.1).
Steps 1-4 involve mapping impact sources, stressors, ecohydrological pathways and receptors onto the PIA, while
documenting information gaps and discussing how best to address them. Doing these initial four steps also generates
the initial ECM upon which the IPDs will be based and helps the multidisciplinary team of consultant experts
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become familiar with the project area and where relevant baseline data will be needed to improve understanding of
the current state of the receptors in the PIA. Once these steps have been completed, the team is ready to discuss and
tabulate potential impact pathways between sources and receptors (Step 5) and construct a preliminary IPD and, if
needed, sub-models (Step 6). The seventh step involves mapping these impact pathways onto the PIA to identify the
locations of particularly vulnerable receptors and areas where baseline data are needed to establish initial pre-
development conditions. The last step, done after baseline and other information have been collected, is to revise the
IPDs, maps and narratives into final versions for the environmental impact assessment report.

1. Identify and map potential sources of project-specific impacts
in the PIA, listing the stressors associated with each impact

@

2. Identify and map relevant water resources in the PIA

@

3. Generate an ECM of potential surface and subsurface
ecchydrological pathways linking the water resources (Step 2)
and superimpose these pathways onto a map of the PIA

@

4. List information gaps associated with sources, stressors,
ecohydrological pathways and water resources, and
discuss how best to address these gaps

@

5. Discuss and tabulate potential impact pathways between
sources (Step 1) and water resources (Step 2), many of which are
likely to be ecohydrological (Step 3), adding information gaps
to the list started in Step 4

@

6. Use the table of impact pathways (Step 5) to generate
a preliminary IPD and, if needed, sub-models

@

7. Superimpose the preliminary impact pathways (Steps 5 and 6)
on a map of the PIA

@

8. Using information and baseline data collected during the
assessment to address gaps (Steps 4 and 5), revise the IPD,
sub-models and maps to generate final products for the main report

Figure 3.1. An eight-step workflow to generate an initial ECM and preliminary and final IPDs, sub-models, maps and associated narratives for
environmental impact assessment. Although presented as a linear workflow, these steps can be iterative loops (e.g., data collected during Step 8 can inform
Sfurther meetings at Step 5).
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These first seven steps would be done during the initial meeting of the multidisciplinary team of consultant experts,
and would generate multiple opportunities for data sharing, field collaboration and cross-analyses of data. These
steps will reveal what areas in the PIA need more detailed sampling and the likely locations for monitoring sites
(including appropriate reference sites where impacts are not predicted). The experts can also discuss sampling
methods that will ensure that relevant data will be collected at appropriate spatial and temporal scales to optimise
their use for multiple purposes. The eighth step would be done in subsequent meetings where the preliminary IPD,
sub-models, maps and narratives are revised for inclusion in the final report.

Although the workflow is presented as a linear process in Figure 3.1, there are several places where iterative loops
can refine the products in response to further data and information. For example, data collected during baseline
surveys (Step 8) can feed into further meetings to discuss any additional impact pathways that may become apparent
(Step 5). The workflow process is very flexible and should be modified to suit the specific needs of the expert
consultants and the information needed for assessing potential impacts of the proposed development.

In this section, we illustrate this approach with a fictional scenario describing the initial and subsequent meetings of
the expert consultants who have been employed to assess the likely environmental impacts of a proposed
hypothetical mine in the Bowen Basin, Queensland, an area wherecoal mining occurs. The hypothetical example is
intentionally small and only focuses on a subset of possible impacts. After presenting the background context
(Section 3.3.1) at the level of detail likely to be given in the initial brief to the consultants, we describe how an initial
meeting to develop a simple ECM and then derive a preliminary IPD might proceed (Section 3.3.2) followed by
several subsequent meetings to generate one or more final IPDs and superimpose them on maps and oblique views
of the project area and nearby (Section 3.3.3). Our main focus is to highlight the key points that should be addressed
in the meetings and what outputs might emerge. We also demonstrate that fie new informationiis needed beyond
that already provided in a competent environmental impact assessment:

3.3.1 Background context

XYZ Pty Ltd’s Hypothetical Mine (the ‘project’)is a proposed open-cut coal mine to be developed approximately
35 km south-east of Moranbah in,Queensland’s Bowen Basin and within the Tsaac River catchment of the Fitzroy
River basin. It will target theLeichhardt and Vermont seams within the Rangal Coal Measures. Predicted average
extraction rate is 2 million tonnes per annum of run-of-mine’coal over nine years and will result in a total direct
disturbance area of 520 ha (pit, out-of-pit waste-rock emplacement and mine infrastructure). Coal will be extracted
from an open pit approximately.1.5 by 2 km with a maximum depth of 170 m. Local groundwater elevations vary
across the site with a depth to water of 10 to 30.m. Relatively low rates of discharge of groundwater discharge into
the pit are expected, with control via in-pit pumps.

Approximately 1.5 km of the ephemeral North Creek will be diverted around the pit (Figure 3.2). A highly ephemeral
tributary of North Creek will also be diverted several hundred metres into the northern sediment dam. The pit will
be back-filled duting mining to leave no voids and.the final landform will be rehabilitated to support its current land-
use (grazing).
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Figure 3.2. Hypothetical Mine, showing final areas of the proposed pit (pale brown), ont-of-pit waste-rock (pale grey) and mine infrastructure (dark
grey); red line encloses total disturbance footprint. [Two sediment dams (dark brown rectangles) have release points (dark brown circles) into North Creek.
A single dam for mine-affected water (mauve rectangle) also has a release point (manve circle) into Nortl Creek. The red star indicates the Deverill
ganging station [130410A]. Surface water resources in the PLA include the Isaac River (thick blue line), North Creek (thin blue line) and ephemeral
tributaries (dashed bine lines) and wetlands (pale blue pobgons) including W, the wetland of High Ecological Significance. Satellite image from:

bttps:/ [ www google.com/ maps/ place/ Deverill,+1 alkyrie+QL.D+4742/ (@)

22.162121,148.3590068.10129n/ data=!3111!1e314m5!3m4!1s0x6 bdaaa01c1 67 3bf:0xa31255/9726a91e0/8m2!3d-22.16665114d148.3759.

Much of the area has been cleared for grazing but there are several remnant areas of native vegetation. Riparian
vegetation along Isaac River and North Creek, especially near their confluence downstream of the proposed mine is
mapped as Forest Red Gum (Eucalyptns tereticornis) with occasional Poplar Box (E. popuinea) and likely to be habitat
and a movement corridor for wildlife such as Koala (Phascolarctos cinerens) and Greater Glider (Petauroides volans).

The GDE Atlas (BOM undated) classifies riparian vegetation along Isaac River and North Creek as a ‘High potential
GDE’ (Figure 3.3a). An unpublished field study of Forest Red Gum and Poplar Box near the Isaac River-North
Creek confluence indicated them to be groundwater-dependent. However, this assessment has not been done for
other terrestrial GDEs in the PIA.
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Figure 3.3. Potential terrestrial GDEs (a) and aquatic GDEs (b) near and within the PLA (dashed pobgon) of Hypothetical Mine (red outline

represents the mine’s disturbance footprint; dashed box: represents outline of Figure 3.2). Maps derived from the Burean of Meteorology’s GDE Atlas
(BOM undated), http:/ [ www.bom.gov.au/ water/ groundwater/ gde/ map.shin!.

The PIA lies in a sub-tropical climatic zone characterized by high summer temperatures, warm dry winters and
distinct wet and dry seasons. Surface flows are seasonal, mainly during the wet season (December to March). The

Isaac River flows approximately 27% of the time at the Deverill gauging station [130410A] less than one kilometre
downstream of the Isaac River-North Creek confluence (Figure 3.2).

Pools persist in channels along the larger waterways such as the Isaac River and lower North Creek, and are probably
important aquatic refugia. Museum records and other databases list twelve fish species from the Isaac River and
lower reaches of North Creck collected during and soon after periods of flow, along with Krefft’s River Turtle
(Emydura macquarii kreffti) and the Eastern Snake-Necked Turtle (Chelodina longicollis). Aquatic macroinvertebrate
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community composition at several sites along both rivers indicated moderately impaired ecological condition,
apparently correlated with high suspended sediment loads and turbidity and limited instream habitat diversity.

The standing waters in the PIA are ephemeral. In general, surface waters are fresh (<1500 pS/cm) but become more
saline through evapoconcentration during drying. Wetland W (Figure 3.2) spanning the PIA’s western border is
designated a wetland of High Ecological Significance (HES) by the Queensland Government. The GDE Atlas
(BOM undated) classifies this wetland and nearby ones as ‘High potential GDEs’ (Figure 3.3b); further data are
needed to field-verify this dependence on groundwater. When filled, the wetlands support water plants and aquatic
macroinvertebrate communities typical of slightly-to-moderately disturbed standing waters in the region. A survey of
the wetlands in 2020 collected several Eastern Snake-Necked Turtles and tadpoles and adults of five frog species.

Alluvial sediments have been mapped along the Isaac River and lower North Creek in the PIA and contain fresh-
brackish groundwater (<5000 uS/cm) 10-20 m below the sutface. In addition to being accessible to groundwatet-
dependent vegetation, this alluvial groundwater is likely to support stygofauna. Predicted contours (> 2m) of
maximum project-specific drawdown in the alluvial sediments typically extefid less than one kilometre from the pit
except along the intercepted channel of North Creck and the confluence'with the Isaac River (Figure 3.2).

Near the proposed mine (within 20 km) are several operational orplanned coal mines (including Poitrel, Dauhnia,
Moorvale South, Olive Downs, Winchester South and Eagle Downs mines) as well as CSG extraction from the
Bowen Gas Project. Modelling of the cumulative predicted dfawdown of these developments with that expected
from the project (correcting for assumed peaks in drawdown from each mine) indicates no substantial cumulative
drawdown (i.e., >2 m) in alluvia in the PIA. Although there is substantial cumulative contribution to drawdown in
the deeper groundwater layers of the underlying coal measures, the water quality of this groundwater is too poor for
domestic use and unlikely to support stygofauna.

3.3.2 The initial meeting of expert consultants

Several weeks after the proponent had engaged a multidisciplinary team of expert consultants, they met to discuss
the sources, stressors, pathways and receptors for potential impacts arising from the proposed mine. In addition to a
facilitator, a note-taker and the proponent’s representative, the patticipants included two hydrogeologists, a surface
water hydrologist, an ecotoxicologist, an aquatic ecologist, a botanist and.a vertebrate ecologist. The hydrologist and
two of the ecologists hadsworked in the atea before, collecting survey data fot other projects.

The meeting started with a presentation by the proponent’s representative describing the proposed project,
particularly the planned vegetation clearance, channel diversions, open-cut mining and waste rock placement. Several
maps were provided that showed the intended locations, extent and timing of these activities. These were
supplemented with site photes taken across the project atea within the previous six months. By the end of this
presentation, the map of the project area had been annotated to show the main potential ‘sources’ of impacts
associated with the proposed development (Figure 3.4) and they were also listed on the whiteboard along with
relevant stressots (Table 3.1).
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Figure 3.4. Annotated map of Hypothetical Mine (Figure 3.2) showing potential sources of impacts from the proposed development that were identified
dnring the initial meeting of consultant experts. Abbreviations match those in Fignre 3.2 except that SD1 and SD2 are used 1o refer to the hwo sediment
dams and MAWD refers to the dam for mine-affected water.
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Table 3.1. Part of the list of impact sources and associated stressors (examples) from the proposed development that were identified during the initial
meeting of consultant experts. Some of the sonrces are locations whereas others are activities. Although only single examples of stressors are listed for each
impact, there may be multiple stressors associated with an impact, and the same stressor can apply to several different impacts.

Impact (locations) Examples of associated stressors

Waste rock pile Reduced groundwater water quality from contaminated
seepage

Pit Lowered water table caused by dewatering the pit

Diverted channel Reduced sutface runoff into ephemeral wetlands

Mine-affected water dam Reduced stream water quality from uncontrolled releases

Sediment dams Reduced stream water quality from uncontrolled releases

Impact (activities)

Clearance of native vegetation Loss of habitat for terrestrial plants and wildlife

Drawdown from pit dewatering Reduced groundwater availability for GDEs

Disrupted alluvial connectivity in North Reduced groundwater recharge of alluvial sediments of the

Creek due to the diverted channel North Creek-Isaac River confluence

Altered overland flow due to the diverted ~ Altered duration of water persistence in several ephemeral

channel of North Creek wetlands

Quite a bit of discussion focussed on how the PIA had(been delineated (Figure 3.2), especially given the uncertainty
at this early stage of the maximum extent of drawdown. It was agreed that as the proposed mine was relatively small
and would operate for less than a decade, the buffer around the predicteddrawdown contour need not be extensive
except along North Creek and downstream along the Isaac River but it'should encompass the groundwater-
dependent vegetation known to occur near(the North Creek-Isaac River confluence (Figure 3.2). Although Wetland
W and its likely catchment did not fully lie in the PIAj the aquatic ecologist suggested that it would be appropriate to
sample the wetland and fringing vegetation if the preliminary IPD indicated any risks of impacts from the project. It
was also agreed that there would be a further meeting with the tegulator to ensure that there were no other areas that
might require assessment, such as potentially sensitive sites downstream from PIA.

The ecologists then described the terrestrial and aquatic biota known or predicted to occur in the area, especially
those listed by the EPBC Act. The likely locations of these receptors (where known) were marked on the maps of
the PIA. Similarly, the locations of all surface and subsurface water resources, including potential GDEs (Figure 3.3)
and the domestic bore at Devertill, were mapped (Figure 3.52) which also necessitated drafting an oblique cut-away
diagram (Figure 3.5b):These maps and diagrams were complemented with a list of receptors, together with notes of
their curredt condition (Table 3.2). A stat was added next.to those receptors that were especially valued and/or likely
to be vety sensitive to environmental changes such as altered groundwater supply or reduced water quality. It was
quickly appatent which mapped reeeptors had distributions that coincided with, for example, planned vegetation
clearance, channel diversion and predicted drawdown.

34 |ESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines
Explanatory Note




Riparian
vegetation

Y €

Ephemeral
tributary

wetland of Ephi;negal
High Ecological we an/

Significante, g

Domestic

Isaac River Ephemera( l bore

Wetlands
Ripari{(

vegetation Forest Red Gum/
Poplar Box
GDEs

IESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines 35
Explanatory Note

——

— -




(b) 5
1
i
4
’ e
L} 1
’ 1
Riparian i +'Ephemeral
vegetation ) tributary

Ephemeral
wetland

)
gt

Dowmestic

Saturated alluvium
(GDEs-terrestrial
vegetation?
tygofauna?)

Forest Red Gum/
Poplar Box GDEs

o™ o o m - ~o
-

otential m’am and subsurface water resources (receptors) in the PLA (dashed pobygon in top
ing the initial meeting of the expert consultants. For simplicity, these maps do not include potential

Figure 3.5. Plan (a)
panel, a) of Hypothetical
locations of other receptors su

Table 3.2. Partial excerpt of the lis
meeting of consultant experts. Receptors
details of the receptor was also available.

ntially vulnerable to impacts from the proposed development that were identified during the initial
ecially vilnerable are marked with a star. In some cases, information abont the condition and other

Receptor Condition (where known)

Isaac River

Eihemeral tributai

36 IESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines
Explanatory Note

P ———




Saturated alluvium at and

just downstream of

confluence*

Riparian vegetation along

North Creek

Deverill Bore* Currently in use. Twenty years of groundwater depths, some water quality data
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The diagrams of the potential surface and subsurface water resources (receptors) in the PIA provided the ideal
starting place for drawing up an initial ECM to facilitate discussion about how these water resources might be
ecohydrologically linked before commencement of the proposed development. This preliminary ECM was drawn up
as a simple box-and-arrow diagram (Figure 3.6) to show the potential linkages between the various water resources.
Although simple diagrams like this are ideal for initial portrayal and discussion of general ecohydrological
connections, they lack the spatial context of the project area (e.g., locations‘of impact sources and potentially
vulnerable receptors). Therefore, once the links in the box-and-arrow ECM had been agreed upon, the hypothesised
flow-paths of these links (e.g., stream-flows, groundwater fluxes, seepage, surface runoff) were superimposed on the
plan and oblique views of the PIA and nearby areas (Figure 3.7). This now allowed the team to see where the flow-
paths of the inferred ecohydrological links might lie near sources of potential impacts associated with the proposed
mine and lead to potentially vulnerable receptors. For example, hypothetical flow-paths could be mapped from
groundwater to the terrestrial GDEs and the ephemeral wetlands implied as ‘high potential GDEs’ by the Bureau of
Meteorology’s GDE Atlas (BOM undated) (Figure 3.3).
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Figure 3.6. Preliminary box-and-arrow ECM drawn up by the consultant team to show the inferred ecobydrological pathways near and within the PLA.
Receptors (water resources) shaded in grey; other hydrological components shaded in apricot; and processes superimposed on the arrows. Dashed lines
represent highly speculative pathways. GW = groundwater, SW = surface water, IR = Isaac River, NC = North Creek, TGDE = terrestrial GDE,
L & V" = Leichhardt and 1 ermont, rip veg = riparian vegetation.
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kages in the project area. Where confidence was low in the distribution or
other relevant informati receptors or ecohydrological pathways, a third list was made to document
the information gaps. For as particular uncertainty about the groundwater resources, especially in
the alluvial and colluvial sedirr lorth Creek, and their linkages which was the cue for the two hydrogeologists
to share their insights.

The hydrogeologists were sceptical that North Creek and the wetlands south-west of the proposed pit were truly
GDEs as implied by Figure 3.3, and stated that field data were needed on groundwater levels and fluxes in the
sediments underlying these surface waters to elucidate the likely groundwater-dependence and ecohydrological
connectivity. The ecologists agreed and there was discussion about planning some concurrent sampling of bores in
the area to collect hydrogeological, water quality and stygofaunal data. There was general agreement that the alluvial
sediments along the Isaac River and at its confluence with North Creek were more likely to be permanently
saturated, and the botanist reminded the other experts of an unpublished field study demonstrating groundwater use
by two riparian tree species at this location. Given the importance of the native vegetation in this area, it was agreed
that field data were needed on groundwater fluxes, use by vegetation and groundwater water quality — another
opportunity for concurrent collaborative sampling. The vertebrate ecologist added that it would be relevant to sutvey
arboreal and other vertebrates in the area because they might be using this native vegetation for habitat and food.
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Discussion then turned to groundwater modelling of the likely changes in groundwater levels and fluxes associated
with the open-cut mining and, post mining, the refilling of the pit with waste rock. Groundwater models exist for the
nearby mines and the hydrogeologists discussed the insights from these models, particularly whether the proposed
project might contribute to cumulative drawdown in the area. Given the likely presence of GDEs in the PIA, the
hydrogeologists planned to model the progress and maximum extent of project-specific and cumulative drawdown
during and after mining. Particular attention would be paid to potential changes in fluxes and depths to groundwater
in the alluvium and colluvium (used by surface-expression GDEs) as well as the source aquifer for the Deverill bore.

There was also consultation with the hydrologist about the likely contribution of groundwater to baseflow in the
Isaac River and whether predicted drawdown would have a detectable effect on the flow regime of the river. As the
river only flows approximately 27% of the time at the Deverill gauging station (Figure 3.2), the hydrologist suggested
that the most likely effects of drawdown would be on the duration and timing of the low- and zero-flow components
of the flow regime. The aquatic ecologist explained how these components of the flow regime were relevant to
aquatic biota such as fish and turtles, especially in refugial pools of the Isaac River. It was agreed that this was an area
for further collaboration among the expert consultants to fill knowledge gaps about the likely hydrological and
ecological responses to any changes in flow regime as a result of drawdown. Surveys of biota, water quality and
hydrology of refugial pools in Isaac River and the lower section of North Creck were planned to assess the baseline
condition of these water resources and clarify their ecohydrological linkages.

The hydrologist and hydrogeologists discussed likely recharge routes of shallow groundwater in the PIA and what
effects, if any, there may be of the channel diversions of North Creek. Knowledge gaps included whether runoff into
the ephemeral wetlands recharged shallow groundwatet and might be a water source for fringing vegetation. This led
to discussion of how the catchments of some of the wetlands were likely to be altered by the proposed channel
diversion, how this might alter the surface water regime of the wetlands, and.what repercussions there might be for
aquatic and semi-aquatic biota. The list of information gaps grew.

There was vigorous discussion about the potential effects of the channeldiversion on stream flow in North Creek
and downstream because there were few details available on the design of the diversion, its bed form and materials,
and even its final route — a key pathway identified in the preliminary ECM (Figures 3.6 and 3.7). The ecologists
expressed concern that the diversion would substantially disrupt tiparian vegetation and alluvial connectivity along
the channel. Although the riparian vegetation connectivity might be partly mitigated by prompt establishment of
suitable vegetation along the new channel,it was less clear how subsurface flows down North Creek could be
maintained unless the channel’s bed was constructed in'such a way to allow this. The panel agreed that much more
geomorphological, hydrologicaband ecological information was needed about the channel diversion to adequately
assess its potential impacts and ways to mitigate these. This was useful feedback for the proponent’s representative
who promised:to ptioritise obtaining details on the planned channel form for the next meeting of the consultant
team.

The ecotoxicologist was interestedrin whether controlled releases from the sediment and mine-affected water dams
might affect the water quality and/ot sediments in North Creek and pethaps Isaac River. Although the controlled
releases were to be.done when there was consideredito be sufficient flow in the receiving stream, it was not clear
whether there may still be residual impacts, including from unintentional releases (e.g., overtopping of the dams)
and/or seepage. Othet possible sources of poor water quality that were discussed included seepage from rainfall
infiltrating the waste rock pile and, in the longer term, the refilled mine pit.

During all these discussions, the note-taker had been listing potential impact pathways and their constituent
stressors. Where possible, measurement endpoints (Section 2.3) were suggested by the ecologists for particular
receptors when discussing likely ecological responses to one or more stressors in the listed impact pathways. These
measurement endpoints included taxa richness, abundance or density, condition and persistence, and were relevant
parameters to consider when designing survey and monitoring programs to collect baseline data and assess the
effectiveness of mitigation measures (Sections 4.3 and 4.4). There were also side-discussions about opportunities for
combining expertise in the field; for example, the hydrologist and ecologists arranged to do several of the baseline
surveys concurrently.

The facilitator asked the various panel members whether they had any other particular points to discuss before the
team collaborated to use the ECMs and preceding discussion to draw up an IPD with pathways linking the likely
sources (Figure 3.4) with receptors (e.g., water resources, Figure 3.5). One consultant observed that there had been
little discussion of the potential impact of existing activities such as the nearby mines and agricultural land-use. It was
agreed that these were relevant and should be acknowledged in the IPD. The team also acknowledged that it would
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be necessary to locate reference and monitoring sites so that the sampling program would be able to discriminate on-

going impacts of existing activities from those of the proposed development.
Two preliminary IPDs were drawn up concurrently — one as a simple box-and-arrow diagram (Figure 3.8) and the
other superimposing the hypothesised pathways onto the map and oblique-view diagram of the project area (Figure

3.9, Table 3.3). This approach of drafting the two figures concurrently was the one that was preferred by the panel
members but some of the consultants had worked on panels where the preliminary IPD was not also superimposed
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Figure 3.8. Initial IPD drawn up by the multidisciplinary team. Red arrows show impacts; blue arrows represent unimpacted hydrological pathways.
Impact sonrces in yellow, receptors (water resources) in grey and processes superimposed on the arrows. Dashed lines indicate uncertain pathways. GW =
groundwater; SW = surface water, IR = Isaac River, NC = North Creek, SD = sediment dam, MAWD = mine-affected water dam, TGDE =
terrestrial GDE, L & V" = Leichhardt and 1 ermont, eph = ephemeral, rip veg = riparian vegetation. Note that the North Creek diversion box is

duplicated to reduce the need for arrows to cross over intervening boxes.
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Table 3.3. Twelve potential impact pathways (Figure 3.9) suggested during the initial meeting of the expert consultants. Pathways in bold type are those
about which the team of experts felt confident; more information is required to confirm the likelibood and) or consequence of the others.

Pathway Description of hypothesised pathway
number on

Figure 3.9

1 Changes in flow regime due to ephemeral channel diversion

2 Potentially contaminated seepage, either from dams or through the waste rock pile

3 Controlled and uncontrolled releases from sediment and MAW dams that may alter water
quality and flow regime in North Creek

4 Drawdown that dewaters alluvial sediments and groundwater-dependent riparian
vegetation along North Creek

5 Reduced runoff to North Creek caused by the pit

6 Drawdown that dewaters alluvial sediments and'groundwater-dependent remnant
vegetation near the North Creek-Isaac River.confluence

7 Altered flow regime and water quality along North Creek downstream of release points from
the three dams and the new diversion channel

8 Drawdown that dewaters the Deverill'bore

9 Altered flow regime and water quality along Isaac River downstream of North Creek

10 Altered surface water-groundwater exchange in North Creek and Isaac River caused by
drawdown that dewaters alluvial sediments

1 Disruption by the diverted channel of alluvial and riparian connectivity along North
Creek

12 Altered/reduced runoff to ephemeral wetlands caused by the new diversion channel

(and parts of some wetlands will be removed during construction of the channel)
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Figure 3.9. Twelve potential impact pathways suggested during the initial meeting of the expert consultants and superimposed on plan (a) and oblique (b)
diagrams of the PLA (dashed polygon in toppanel) of Hypothetical Mine. Dashed lines indicate uncertain pathways and the numbered boxes represent
twelve pathways, described.in Table 3.3.

3.8.3"Subsequentimeetings

There were thtee subsequent meetings during the two years that elapsed after the initial meeting. The first meeting
was about six months into the assessment, mainly to see whether preliminary sampling had indicated any additional
impact pathways to consider or whether any of the original twelve needed modifying or to be removed. It was agreed
that potential changes in water quality covered in Pathways 3, 7 and 9 should be separated from potential changes in
flow regime because the effects on aquatic receptors such as macroinvertebrates and fish might be different and
occur by different mechanisms. No new pathways were added. Early results from the first set of baseline surveys
were discussed, mainly to ensure that the field data were all relevant and had been collected at appropriate scales and
resolution appropriate. This was especially important where different consultants planned to use the same data for
their specialist reports. It also helped in finalising the best measurement endpoints for assessing the effectiveness of
mitigation strategies (Sections 4.3 and 4.4).

Two further meetings were conducted twelve and eighteen months after the initial meeting. By this time, substantial
baseline data and other information had been collected, and the panel was able to refine the IPD because of the
greater confidence in some of the inferred pathways. For example, there was now enough information to confirm
that Pathway 7 (Table 3.3) was more likely than originally considered. Surveys had found several large refugial pools
in the lower reaches of North Creek whose permanence and water quality were likely to be substantially altered by
the planned channel diversion upstream. Groundwater modelling had also been completed so that predictions of the
extent of drawdown could be refined (e.g., up to 4 m in Deverill Bore). By now, the IPD was in a near-final format,
and the team was confident about the key potential impacts of the project and their likely mechanisms and effects on
receptors. There were also productive discussions about how to mitigate or remediate the impacts that would be
unavoidable and the team shared data and other evidence to support the feasibility of these proposed management
measures.

44 |ESC | Using impact pathway diagrams in environmental impact assessment: IESC Information Guidelines
Explanatory Note

S :
e —



The final meeting occurred soon after the main report had been prepared. This main report drew information from
the various consultants’ reports, using the final version of the IPD (Figure 3.10) as a key graphic to collate the
conclusions and inferences from various discipline areas. The main outputs of the final meeting were sets of
comments on the main report to correct inconsistencies, confirm correct interpretation of the conclusions of the
specialist reports and support the proposed management strategies to minimise the project’s potential impacts. In the
main report, the IPD appeared in the Executive Summary and later in the text, and greatly assisted coherent and
succinct presentation of the key potential impacts of the project, their pathways and how they might affect water
resources and other receptors. The IPD was accompanied by a narrative that succinctly described each pathway and
cross-referenced relevant sections of the report for supporting evidence. For some of the more complex impact
pathways, sub-models of particular sources (e.g., North Creek diversion, Figure 3.11) were also drawn up that
allowed more detailed listing of stressors and receptors.
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Figure 3.10. Final IPD, refined after several meetings of the team of expert consultants. Red arrows show impacts; blue arrows represent unimpacted
hydrological pathways. Impact sources in yellow, receptors (water resources) in grey and processes superimposed on or near the arrows. Dashed lines
indicate pathways that remain uncertain. Abbreviations are: MAWD = mine-affected water dam, SD = sediment dam, TGDE = terrestrial GDE.
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Figure 3.11. Detailed sub-model IPD of the potential impact pathways due to the diversion of North Creek. Anthropogenic sources are shaded in yellow,
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There was also a final version of the map and oblique-view diagram of the impact pathways (Figure 3.12) and the
accompanying table (Table 3.4). Data collected during baseline surveys for the environmental impact assessment
provided greater confidence in three pathways (Pathways 3, 7 and 10, Table 3.4). Consequently, the lines
representing these three pathways that were previously dashed on the preliminary figure (Figure 3.9) were drawn as
solid ones (Figure 3.12) in the final report.
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Table 3.4. Tiwelve potential impact pathways (Fignre 3.12) of the proposed Hypothetical Mine on water resources in the PLA. Pathways in bold type are
those that the team of exiperts felt confident about; more information is required to confirm the likelibood and/ or consequence of the others.

Pathway Description of hypothesised pathway

number on

Figure 3.12

1 Changes in flow regime due to ephemeral channel diversion

2 Potentially contaminated seepage, either from dams or through the waste rock pile

3 Controlled and uncontrolled releases from sediment and MAW dams that may alter
water quality and flow regime in North Creek

4 Drawdown that dewaters alluvial sediments and groundwater-dependent riparian
vegetation along North Creek

5 Reduced runoff to North Creek caused by the pit

6 Drawdown that dewaters alluvial sediments and groundwater-dependent remnant
vegetation near the North Creek-Isaac River confluence

7 Altered flow regime and water quality along North Creek downstream of release points
from the three dams and the new diversion channel

8 Drawdown that dewaters the Deverill bore

9 Altered flow regime and water quality along Isaac River downstream of North Creek

10 Altered surface water-groundwater exchange in North Creek and Isaac River caused by
drawdown that dewaters alluvial sediments

1 Disruption by the diverted channel of alluvial and riparian connectivity along North
Creek

12 Altered/reduced runoff to ephemeral wetlands caused by the new diversion channel
(and parts of some wetlands will be removed durifig construction of the channel)

North Creek
Isaac River
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4. How to use IPDs in environmental
impact assessment

4.1 Introduction

Having generated the initial ECM, derivative IPDs and accompanying maps and narratives (Section 3), we now want
to use the outputs for other parts of the environmental impact assessment process and in the final report. These uses
include identifying information gaps underlying assumptions about pathways and their importance, guiding project-
specific monitoring to address these gaps and provide on-going environmental data, and justifying mitigation
strategies to reduce risks of a proposed development’s activities on vulnerableireceptors — all benefits of IPDs
identified in Section 2.2.

It is important to acknowledge the limited resources available to most developers to address and ‘close out’ all the
information gaps that might be identified - the ‘gold standard’ example is presented in Section 2.4.3 as an aspirational
target rather than expected to be the norm. Instead, the emphasis in this Explanatory Note is on the benefits of the
conceptual modelling and IPDs for consultants to understand and communicate impact pathways. Nonetheless,
where this activity reveals major gaps in knowledge about how a potential project might.impact on water resources in
the PIA, there is merit in either addressing these gaps ot demonstrating that the impacts, even if they are likely, are
either not material or can be readily mitigated. It is also important to acknowledge all assumptions and limitations of
the derivation and interpretation of the IPDs for a given proposed development.

This section of the Explanatory Note begins by describing ways touse IPDs and other outputs in an environmental
impact assessment report to portray the impact pathways of a given development and show where and how these
pathways might convey impacts to vulnerable receptors in the PIA (Section 4.2). It then explains how to use the
outputs to identify relevant knowledge gaps and design an efficient monitoring program to address these gaps
(Section 4.3). This section alsowreviews the selection of measurement.endpoints and sampling locations that can be
justified using the IPD supetimposed on.a map of the PIA, supplemented with tables and narratives. Section 4.4
follows this logical thread to demonstrate the use of the diagrams and other outputs to propose and justify feasible
mitigation strategies.

4.2 Portfayingimpact pathways

The two most useful graphies generated from the approach described in Section 3 are the final IPD (e.g., Figure 3.10
and any sub-models such as Figure 3.11) and the map of the PIA with the impact pathways superimposed on it (e.g.,
Figure 3.12).

The first shows the main pathways of concern, the key stressors and the most vulnerable receptors. It should be
presented early in the final assessment report to integrate the different sections of the documentation and illustrate
which impact pathways associated with the proposed development are considered with high confidence to be likely
to occur and which receptors are potentially at greatest risk of impacts.

The second shows where these impact pathways are likely to occur and where the most potentially vulnerable
receptors occur in the PIA. It also indicates ‘hot spots’ where multiple and, often, interacting impact pathways are
likely to occur and have collective effects on a receptor. For example, drawdown from pit dewatering may act via a
groundwater pathway to interact with a surface-water pathway conveying contaminated water to collectively impact a
terrestrial GDE that depends on water from both ecohydrological pathways. Both these graphics should also be
accompanied by suitable explanatory narratives and cross-reference relevant sections of the final report for
supporting evidence, including baseline data, to justify the assertions of potential impacts, their pathways and
predicted responses.

There is also merit in presenting some of the other supporting graphics too. These graphics include the maps of
potential sources of development-related stressors (e.g., Figure 3.4), locations of water resources (e.g., Figure 3.5) and
possibly the initial ECM superimposed on plan and oblique views of the PIA (e.g., Figure 3.6). One or both of the
first two of these are usually presented in most reports but usually in different sections or even different appendices
which makes it difficult for the reader to readily integrate them when inferring likely impact pathways. By providing
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them together and discussing them in the context of the initial ECM, the reasoning underlying the derivation of the
box-and-arrow diagrams and maps of the IPDs is highlighted and helps the reader quickly grasp the proponent’s
impression of the different impact pathways, what might be affected and where these effects might occur.

As mentioned in Section 3, it may be necessary to generate several ‘sub-models’ that are nested within the high-level
IPD. These sub-models would be used to support more focussed discussion in the environmental impact assessment
report on specific pathways, specific phases of resource extraction (e.g., exploration, operations and rehabilitation)
and/or specific ateas of the PIA (e.g., ‘hot spots’ of complex or vulnerable receptors, areas where multiple impact
pathways interact). The sub-model diagrams are also able to show more detail such as finer levels of receptors (e.g.,
particular components of the biota of wetlands, rivers and groundwaters) and can include brief descriptions of the
various processes along the impact pathways (e.g., Figure 3.11). Furthermore, these finer-scale sub-models, especially
when superimposed on maps of the PIA, are likely to be useful when identifying and justifying potential monitoring
sites (Section 4.3) and where to target specific avoidance or mitigation strategies (Section 4.4).

4.3 ldentifying knowledge gaps and guiding design of monitoring
programs

Predicting the potential environmental impacts of any proposediresource extraction inevitably involves numerous
assumptions and inferences, especially during preliminary discussions of the expert consultant team (Section 3.2).
Some of these assumptions can be made confidently because they are well-supported with strong evidence and
widely accepted. However, most assumptions about potential impact pathways and likely ecological responses in a
specific area have far less supporting evidence and, in some cases, are just ‘best guesses’ because local data are usually
SO sparse.

Consequently, there is substantial uncertainty in predicting some of the environmental impacts of a given
development, particularly when inferring likely impact pathways that have.multiple linkages that all involve
assumptions made with varying degrees of confidence. Confidence in an inferred impact pathway is only as strong as
the confidence in the weakest link (i.e., the link whose critical assumptions ate the most pootly supported and has
the least confidence, Peeters etal. 2021). Therefore, if this impact pathway appeats.to be relatively important in a
given situation but has limited confidence associated with it, then collecting site-specific data and other local
information to increase confidence in the weakest link is a priotity. This is.oneway that the process of using IPDs in
an environmental impact assessment highlights relevant knowledge gaps.

Another way is when predicting the likely ecological responses of a valued receptor to one or more stressors.
Ecological and ecotoxicological data are seldom available for local species. Therefore, assumptions about their likely
responses to particular stressoss are tentatively drawn fromiliterature on similar taxa, often from different parts of
the world and in different environments. These assumptions ean be perilous, especially as multiple stressors typically
act together and their combined effects may not simply be additive. IPDs can highlight specific receptors that are
potentially vulnetable to impacts fromy for example, uncontrolled releases of mine-affected water via an impact
pathway that might be rated as impottant yet with vety low confidence associated with the reliability of the
assessment. To addtess this uncertainty, relevant field and laboratory data (e.g., ecotoxicity tests using various
concentrations of mine-affected water) are needed.

A third way involves highlighting key gaps in spatial knowledge. Mapped IPDs rely heavily on assumptions about
likely impacts and potential ecological responses in particular parts of the PIA. For example, a desktop study using
the GDE Atlas (BOM undated) may indicate terrestrial GDEs in an area where drawdown is predicted due to the
proposed development. The assumption that GDEs exist in this area is an important one because of the challenges
in mitigating impacts of drawdown on groundwater-dependent vegetation. Therefore, the proponent would want to
test this assumption using field assessments of the extent of groundwater-dependence by these potential terrestrial
GDE:s (see Doody et al. 2019 for methods); it may be that the vegetation in that area never depends on groundwater.
Assumptions of the spatial extent and magnitude of drawdown in the PIA are also critical, and an IPD with impact
pathway routes superimposed on a map of the PIA helps highlight ‘hot-spots’ in the predicted drawdown area for
more detailed assessments of uncertainty and sensitivity of the groundwater models used in the assessment.

Of course, many of these knowledge gaps underpinning key assumptions highlighted by the IPDs can only be
addressed with further data or environmental monitoring of selected parameters in judiciously chosen locations.
Although pre-operations environmental data collected for the environmental impact assessment report may have
increased the evidence-base and confidence in key assumptions underlying the impact assessment, many soutrces,
stressors, processes and receptors (in our case, water resources) will vary over time and space. If the project or its
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effects are likely to extend longer than a decade, these changes will also interact with those associated with climate
change and other drivers. The report must predict these variations, including at reference sites assumed to be
unaffected by the proposed development, and present a monitoring program that will provide credible data to test
these predictions and discriminate natural variation from changes caused by the development. These predictions
should also encompass the post-closure period because environmental conditions may continue to change (e.g.,
recovery of groundwater levels) and there may even be persistent legacy impacts (e.g., contaminants from tailings
dams).

Mapped IPDs are ideal for justifying locations of proposed sampling points for relevant parameters (stressors,
processes or measurement endpoints) for potentially important impact pathways. For example, Figure 3.12 could be
used to justify the locations of sampling points along North Creek where water quality parameters could be
monitored to assess potential impacts from controlled and uncontrolled releases from the MAW and sediment dams.
The same reasoning applies to justifying the best locations for groundwater monitoring bores to track drawdown and
altered water quality of groundwater below ground-truthed GDEs in the alluyial sediments of North Creek and Isaac
River.

The number of sampling locations and the intensity of monitoring is.often informed by the consultant team’s
assessment of the likely importance of each impact pathway. For pathways rated as very important, the mapped IPD
could be used to justify additional sampling sites, a broader suite of parametets and more frequent sampling than for
other pathways that are rated as less important. Similarly, the'mapped IPDs canbe used to identify and justify the
locations of reference sites outside the PIA but, ideally, in‘areas where similar environmental conditions occur.

In most cases, the parameters that are monitored will be those for which baseline data were collected as well as
measurement endpoints for receptors (Section 3.3). Explicitly linking measutement endpoints with the parameters
that are sampled ensures that results can be tied back to the predictions‘of specific impact pathways in the IPD,
especially where strategies have been adopted tormitigate impacts on valued receptors. Again, these responses must
be interpreted against a backdrop of temporal vatiation, especially that associated with climate change. Monitoring of
stressors or impact pathway processes is also often necessary to (i) confirmiinferred impact pathways and (i) provide
early warning of potential impacts on receptors. Thus, thete needs to be a distinction between monitoring for impact
effects (often based on measurement endpoints of receptors) and monitoring to inform precautionary management
or intervention measures which ate typically based on monitoring of stressors or pathways.

Where the IPDs identify teceptors that ate likely to be especially vulnerable to impacts from activities associated with
the proposed development, monitoring should focus on these receptors and the relevant stressors. Even if there is
high confidence that the impact pathways leading to a vulnerable receptor are unlikely, the severity of the
consequences.usuallywarrant designing the monitoting programto be able to detect eatly warning signs of
impendingdmpacts on suchwulnerable receptors. These monitoting programs would be spelled out in the
management plans, justified using the IPDs,and their associated natratives.

4.4 Proposing and justifying strategies to avoid or mitigate
environmental impacts

A fundamental part of environmentalimpact assessment is the proposal and justification of strategies to avoid or, if
this is not feasible, mitigate likely impacts of the development on valued receptors. Many environmental impact
assessment reports present rather generic descriptions of mitigation strategies. They also seldom specify where and
when the strategies will be applied or how their effectiveness will be assessed. These are serious failings because there
may be environmental impacts of the development that could readily be avoided by either minor changes in the
layout of the development or could be mitigated cheaply and effectively by judiciously placed controls.

IPDs superimposed on maps of the PIA illustrate the locations of potential impact pathways from sources to water
resources, including via ecohydrological routes illustrated on the initial ECM. Therefore, they are ideal for guiding
the most effective way for a proponent to avoid or mitigate potential impacts of the development on water resources
in PIA. In the worked example presented in Section 3, Figure 3.12 indicates that, for example, by changing the route
of the planned diversion channel, it may be possible to avoid removing one or more of the ephemeral wetlands to
the west of the mine pit. It may even be feasible to change the depth and/or extent of the pit to avoid ot reduce
drawdown below the terrestrial GDEs at the North Creek-Isaac River confluence yet still allow the mine to be
economically viable.
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In some cases, impacts are unavoidable but there are standard mitigation strategies available. These include, for
example, releasing water from sediment and mine-affected water dams when flows in the receiving creek are high
enough to dilute the released waters to an acceptable water quality. The timing and durations of controlled releases
would be guided by data collected from appropriately located monitoring sites (Section 4.3), and the effectiveness of
the release strategy in maintaining an acceptable water quality in the receiving creek would be monitored
downstream, again guided by the mapped IPD. However, the impact pathway may be sufficiently severe on the
receiving stream to warrant additional mitigation strategies (e.g., erosion controls, water treatment). In our worked
example, there may be insufficient assimilative capacity of the sediments of the newly constructed artificial diversion
to cope with releases from the upstream mine-affected water dam (Figure 3.12), and the proponent may need to
consider this in the environmental impact assessment report. The effectiveness of mitigation strategies in certain
areas may also change in response to altered environmental conditions associated with climate change and other
long-term drivers. For example, increases in mean water temperature in headwater streams due to climate change
may reduce aquatic ecosystem resilience and lessen the effectiveness of mitigation strategies such as riparian
restoration or instream habitat enhancement.

The mapped IPD will also indicate where mitigation strategies are not néeded and can help justify their omission. If
there is high confidence that an impact pathway is of relatively low imjportance and impacts to water resources are
highly unlikely, the mapped IPD could be used to justify not going'to the expense or effort to install mitigation
works. For example, seepage from the waste-rock pile to the east of the mine pitis probably not an important impact
pathway (although confidence is low in this assessment, Figute 3.12) and so the proponent could argue that there is
little need for extensive engineering works to prevent rainfall infiltration and contaminated seepage from the waste-
rock pile.
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5. Summary and conclusions

5.1 Summary

Impact pathway diagrams based on an initial ECM are powerful tools in environmental impact assessment yet are
currently under-used. They greatly enhance the integration and communication of the predictions in an
environmental impact assessment, especially when superimposed on maps of the proposed development and
surrounding PIA. They require no additional information beyond that expected in a competently prepared
environmental impact assessment report, and their use helps ensure that redundant information is not included in
the report. They also promote targeted and efficient collection of baseline data that can be readily justified with
reference to the diagrams, maps and their narratives

When based on an initial ECM and accompanied by suitable narratives and maps, IPDs:

e provide effective visual summaries of potential impact pathways from sources to relevant receptors (water
resources);

e can be presented at multiple levels (as ‘sub-models’) to reflect heterogeneity.across the development area
and/or focus on particular soutces, receptors ot pathways;

e highlight where information is needed to support assumptions about inferred pathways and their importance
and where there are multiple hypotheses about impacts that require further investigation;

e indicate pathways where mitigation is feasible to reduce tisks to vulnérable receptors, and guide project-specific
monitoring (e.g., relevant parameters and sampling locations) to assess the effectiveness of proposed mitigation
strategies;

e are powerful tools for integrating information from different sections of the assessment documentation to best
convey evidence for a proposed development’s potential impacts;

e when done early in the assessment process, can help define the quantities of interest and key predictions for
subsequent surface and groundwater modelling, and

e can provide environmental context for associated groundwater and surface-water numerical models.

During preparation of documentation for environmental impact assessment, the process of developing an initial
ECM and derivative IPDs is also valuable because it encourages collaboration among consultants from different
disciplines toshare theit-knowledge and understanding, and then successively refine their predictions and evidence
base as baseline data and information accumulate. Thus, beth the products and process of this conceptual
modelling greatly improve the quality of the EIS and the overall environmental assessment.

It is crucial for the team of expert consultants conducting the assessment to meet as early as possible to discuss the
likely impact pathways and generate an initial ECM and one or more preliminary IPDs. The IPDs, mapped onto plan
and oblique views of the PIA, should be presented in the final report to portray the potential impact pathways of a
given development and show where and how they might convey impacts to vulnerable receptors in the PIA. These
outputs can also help the proponent identify relevant knowledge gaps, design an efficient monitoring program to
address these gaps and collect environmental data during operations, and propose and justify feasible avoidance and
mitigation strategies.

5.2 Conclusions

We have outlined the many compelling reasons for proponents and their consultants preparing environmental
impact assessment reports to use IPDs based on an initial ECM, and described how to generate these diagrams with
an approach that uses data and information that are already routinely collected in environmental impact assessment.
These diagrams can be comparatively simple box-and-arrow models and superimposed on plan- and oblique-view
graphics of the PIA without any need for specialist software packages. Although there are more sophisticated
approaches that can be used in environmental impact assessment, such as Bayesian modelling (e.g., McDonald et al.
2016) and the spatial causal network approach described by Peeters et al. (2021), these are unlikely to be needed for
most environmental impact assessments. However, if formal risk assessment is required or the proposal is especially
large and complex, there may be merit in considering these options.
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This balance between project complexity, potential impact and the most suitable approaches for conceptual
modelling underpins the notion of ‘requisite simplicity’ (Stitzaker et al. 2010). Such requisite simplicity seeks to
discard needless detail while retaining conceptual clarity and scientific rigour, and goes to the heart of generating
IPDs that are fit for purpose for environmental impact assessment of a given development. Presenting them early in
the report will help readers quickly grasp the potential impact pathways that may be important and see what
receptors might be at risk if the development is approved.

In conclusion, we strongly advocate both the products and the process of deriving IPDs because they greatly
enhance the overall effectiveness of environmental impact assessment with substantial benefits to proponents,
regulators and other users. The most powerful approach is for the team of consultant experts to meet eatly in the
process and generate an initial ECM, one ot more preliminary IPDs, map them onto the PIA and list information
gaps that, when addressed, will lead to a revised version for the final environmental impact assessment report.

O
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Abbreviations

Abbreviation  Full term

BOM Bureau of Meteorology

CADDIS Causal Analysis/Diagnosis Decision Information System

CSG Coal seam gas

EC Electrical conductance

ECM Ecohydrological conceptual model

EPBC Environment Protection and Biodiversity Conservation

GDE Groundwater-dependent ecosystem

HES High Ecological Significance

IESC Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development

IPD Impact pathway diagram

LCM Large coal mine

MAW Mine-affected water

PIA Potential impact area

TGDE Terrestrial groundwater-dependent ecosystem

US EPA United States Environment Protection Authority
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Glossary

Terms are defined in the context of their use in this Explanatory Note. For some terms, references ate cited because
they either define the term or provide relevant discussion.

Term

Anthropogenic

Assessment endpoints

Baseline data

Box-and-arrow

diagram
Causal models
Causal networks

Collective impacts

Conceptual models

Cumulative impacts

Development
footprint

Dewatering

Drawdown
Driver
Ecohydrological

conceptual models

(ECMs)

Ecological risk
assessment

Endpoints

Definition
Caused by human activities (human-induced).

An explicit expression of the environmental value to be protected. An assessment
endpoint must include an entity and a specific attribute of that entity (Suter 2007).

Data collected before a development begins (usually for at least two years, IESC 2018)
to establish conditions against which changes can be compared when the development
commences.

As the name suggests, a diagram comprising boxes and arrows where the boxes
represent states and the arrows represent transitions or links among the states.

Synonym for conceptual model (cf. Peeters et al. 2022).
Output from causal modelling (cf. Peeters et al. 2022).

Combined effects of multiple stressors at a given time (i.e., does not include historical
single or combined impacts — see cumulative impacts).

Simplified representations of a system of interacting components and their linkages,
widely used in many disciplines as a powerful tool for developing understanding and
communicating relationships among components in complex systems

Typically result from the collective and interacting effects of multiple stressors and
arising from multiple sources over time whose impacts have accumulated. For example,
collective impacts of stressors such as surface water extraction, native vegetation
clearance and groundwater drawdown from several adjacent mines may combine with
the impacts of other stressors that have occurred previously and may still be arising
from nearby activities such as agriculture and urbanisation to cumulatively impact on
water resources (as defined in Box 1).

The area that will be directly affected by a development by, for example, vegetation
clearance and inundation by dams or diverted channels. Also see potential impact area.

Removing water, usually groundwater. Mine pits typically have to be dewatered to
access desired mineral resources, causing drawdown of connected aquifers around the

pit.
Lowering of groundwater level, usually by removing groundwater.

“Major external driving forces (human or natural) that have large-scale influences on
natural systems” (Peeters et al. 2021).

A type of conceptual model that represents and integrates data and other information
on hydrological (surface water and groundwater) components with ecological ones (e.g.,
specific taxa, communities and ecosystems) to understand and communicate their
interactions.

A process that evaluates the likelihood that adverse ecological effects are occurring as a
result of exposure to one or more stressors (US EPA 1998).

Synonym for receptors. Name arises because they lie at the end of impact pathways.
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Evapoconcentration

Evapotranspiration

Groundwater-
dependent ecosystems
(GDEzs)

Hyporheic zone

Impact pathway

Impact pathway
diagrams (IPDs)

Measurement
endpoint

Narrative

Potential impact area
(PIA)

Process

Receptor

Requisite simplicity

Source

Stressor

Stygofauna

Sub-models
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Process by which the concentration of a solution increases through evaporation.

Process by which water is transferred from land, water and plant surfaces to the
atmosphere by evaporation from the soil and other surfaces and by transpiration from
plants.

Ecosystems that require access to groundwater on a permanent or intermittent basis to
meet all or some of their water requirements so as to maintain their communities of
plants and animals, ecological processes and ecosystem services. Examples include
groundwater-dependent terrestrial vegetation, surface waters (swamps, lakes and rivers)
and ecosystems in aquifers and caves.

Saturated sediments within and alongside a stream bed where there is surface water and
groundwater exchange. Often an active zone of biogeochemical activity and nutrient
cycling.

Connection or route along which an impact associated with a proposed development is
inferred to travel from one or more soutces to one or more receptors as portrayed in an
impact pathway diagram.

Conceptual models, often box-and-arrow types, used specifically to understand and
communicate potential impact pathways between sources and receptors in an
environmental impact assessment.

“A measurable environmental characteristic related to the valued characteristic chosen
as the assessment endpoint” (Suter 1990). These are used to measure the response of a
receptor (assessment endpoint) to one or motre stressors.

Text and/ot table accompanying IPDs to explain the cutrent knowledge of the
components and linkages in the conceptual models, provide and evaluate confidence in
relevant supporting evidence, and inform estimates of the likely importance of impact
pathways.

The maximum areal extent of potential impacts of a development (Peeters et al. 2021).
“...any environmental process that provides a pathway to release, disperse or transform
a stressor from a source” (Stauber et al. 2022).

““...the ecological entity exposed to the stressor. This term may refer to tissues,
organisms, populations, communities, and ecosystems” (US EPA 1998). Synonymous

with endpoint.

In conceptual modelling, the trade-off between practical usefulness and real-life
complexity so that the product is not over-simplistic but also not so complex that it is
difficult to use. See Stirzaker et al. (2010).

An entity or action that generates or increases stressors in the environment.

““...any physical, chemical or biological entity that can induce an adverse response” (US
EPA 1998).

Fauna, mainly invertebrates, occurring in groundwater ecosystems such as aquifers and
cave streams.

In the context of this Explanatory Note, finer-scale and more detailed IPDs that focus
on specific sources, pathways, events, receptors or particulatly valued areas in the
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potential impact area. They ate often ‘nested’ within the high-level IPD (e.g., US EPA
2014).

Water resources As defined in the Water Act 2007 (Commonwealth of Australia 2007) and used in this
Explanatory Note: “(a) sutface water or ground water; or (b) a watercourse, lake,
wetland or aquifer (whether or not it currently has water in it); and includes all aspects
of the water resource (including water, organisms and other components and
ecosystems that contribute to the physical state and environmental value of the water
resource).”

O
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