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Preamble
The NSW Department of Planning and Environment – Water saw the need for a Groundwater
Assessment Toolbox (GAT). The primary aim of the toolbox is to create a collaborative,
transparent, and enabling environment for the preparation and reviewing of groundwater
assessments in New South Wales (NSW), in particular, for state-significant developments (SSD)
and state-significant infrastructure (SSI) projects. Collectively, both types of project assessment
are referred to as either SSDs or ‘major projects’ for the rest of this guideline document.
The specific objectives of the GAT are to:
Objective 1: Provide a framework to investigate, assess the impacts on, manage and
monitor groundwater resources and their interaction with surface water resources within the
footprint of a major project
Objective 2: Clarify the department’s expectations (minimum requirements) from
groundwater documentation including groundwater modelling that is prepared for major
projects and used to support and inform the impact assessment
Objective 3: Identify practical approaches for the assessment of cumulative groundwater
impacts.
To assist with understanding how the components of the GAT and the NSW Aquifer Interference
Policy interact, the department has developed this Groundwater Assessment toolbox for major
projects in NSW - Overview document.
This technical guideline presents the minimum requirements for groundwater reporting, including
modelling for major projects in NSW. The guideline is not intended to duplicate or replace preexisting national best-practice guidelines, notably the Australian groundwater modelling guidelines
(AGMG; Barnett et al., 2012).
The GAT comprises five elements:
Element 1 – Groundwater Assessment toolbox for major projects in NSW - Overview
document
The department has provided this over-arching technical guideline to give an overview of
the task-specific elements listed below.
Element 2 – Guidelines for groundwater documentation for SSD/SSI projects (major
projects)
The main objective of the groundwater documentation guideline is to clarify and inform the
requirements for groundwater assessment and documentation required for major projects in
NSW. These projects can include activities located above the water table and below the
water table.
This guideline communicates the expectations of the NSW Government and minimum
requirements for the groundwater investigations conducted to inform a groundwater impact
assessment, as well as the groundwater impact assessment itself. Following project
approval, the role of the NSW Government continues, providing guidance on and review of
post-approvals monitoring and management plans and compliance reporting.
Element 3 – Minimum requirements for groundwater modelling
This technical guideline presents the minimum requirements for groundwater modelling for
major projects in NSW. It is not intended to duplicate or replace pre-existing national bestpractice guidelines, notably the Australian groundwater modelling guidelines (AGMG;
Barnett et al., 2012). Rather, it is a complementary document that describes further
modelling requirements specific to major projects in NSW (MGMR-MP).
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The guidelines presented in this document incorporate elements from guidance developed
by agencies in other countries at state and federal levels, as well as multinational and
international standard-setting and scientific organisations.
Element 4 – Information paper on cumulative groundwater impact assessment
The fourth element of the toolbox comprises a technical information paper on the
recommended approaches for assessing cumulative groundwater impacts.
The information paper presents:
•
•
•
•

how to assess if a project should consider cumulative impacts
the regulatory framework for water management
aspects to consider when identifying cumulative impacts on water resources
case studies of groundwater cumulative impact assessment in NSW.

Further, key recommendations are provided to assist project proponents with planning their
approach to predict, apportion, and manage cumulative impacts of projects according to the
requirements of the planning approval and water licensing processes in NSW.
Element 5 – Aquifer Interference Policy
The fifth element of the toolbox is the NSW Aquifer Interference Policy. This policy relates
to all projects that intersect the water table or take water from aquifers.
Unless an exemption applies, all projects that take water from surface or groundwater
sources must be licensed under the Water Act 1912 or Water Management Act 2000.
This policy covers:
•
•
•
•
•
•

water licensing requirements
requirements for meeting water sharing plans (WSP)
reporting and accounting requirements for water take
minimal impact considerations for aquifer interference activities
gateway process for approval of mining and petroleum projects
assessment process for aquifer interference activities
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Acronym

Explanation
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2D

Two-dimensional

3D

Three-dimensional

ACT

Australian Capital Territory

AGMG

Australian groundwater modelling guidelines

AIP

NSW Aquifer Interference Policy 2012

ASTM

American Society for Testing and Materials

BLM

Bureau of Land Management [USA]

BLR

Basic Land Rights

BSAL

Biophysical strategic agricultural land

CLC

Confidence-level class [for groundwater models]

COA

Conditions of approval

CSG

Coal seam gas

CSS

Culturally significant sites

DPIE

NSW Department of Planning, Industry and Environment (known as of
21 December 2021 as the NSW Department of Planning and Environment)

EIS

Environmental impact statement

EP&A

Environmental Planning and Assessment [Act, USA]

EP&A Act

Environmental Planning and Assessment Act 1979 (NSW)

ET

Evapotranspiration

et al.

And others

etc.

And other similar things

GAT

Groundwater Assessment Toolbox

GDEs

Groundwater-dependent ecosystems
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Groundwater impact assessments

GMMP

Groundwater monitoring and modelling plan
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Acronym

Explanation

GMP

Groundwater modelling plan

GMTP

Groundwater Modelling Toolbox Project

GUI

Graphical user interfaces [for modelling software]

GW-PET

Groundwater model assessment procedures and evaluation tool report

Hydrogeological
conceptual
model

A description of the hydrogeology using maps, sections, schematic diagrams and other
means.

HES

High environmental sensitivity [project]

IESC

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

LMCM

Low- to medium-complexity [groundwater] model

LMES

Low- to medium-environmental sensitivity [project]

m

Metre

MDBC

Murray–Darling Basin Commission

MGMR-MP

Minimum Groundwater Modelling Requirements for Major Projects in NSW –
Technical Note

NARCliM

NSW/ACT Regional Climate Modelling

NDEP

Nevada Department of Environmental Protection

NSW

New South Wales

PEST

Parameter Estimation and Uncertainty Analysis [software]

RMS

Root mean square

SEARs

Secretary’s Environmental Assessment Requirements

SEPP

State environmental planning policy

SSD

State-significant development

SSI

State-significant infrastructure

TSF

Tailings storage facilities

USGS

United States Geological Survey

vs

Versus
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Acronym

Explanation

VWP

Vibrating wire piezometer

WAL

Water access licence

Water Act

Water Act 1912 (NSW)

WM Act

Water Management Act 2000 (NSW)

WMP

Water management plan

WRDMAP

Water Resources Demand Management Assistance Project (China – UK)

WSP

Water sharing plan
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1 Introduction
1.1 Purpose and objectives
This Groundwater Assessment toolbox for major projects in NSW - Overview document explains
how the elements of the Groundwater Assessment Toolbox (GAT) – including the NSW Aquifer
Interference Policy (AIP) – relate to each other and how to use them to assess impacts on
groundwater arising from a major project.
It is intended to clarify minimum requirements for the applicant and increase the reach of the
proponent’s application documents through improved transparency and documentation practices. It
also intends overall to increase the efficiency of the processes at the different stages of the
development by providing guidance on not only which documents are required, but at which stage
of the application to prepare them.
The following four documents, along with this overarching GAT Technical Guideline, provide the
framework for assessing groundwater impacts from projects in NSW, with a particular focus on
major projects:
1. Guidelines for groundwater documentation for SSD/SSI projects
2. Minimum groundwater modelling requirements for major projects in NSW –
technical note (MGMR-MP)
3. Cumulative groundwater impact assessment approaches – information paper
4. NSW Aquifer Interference Policy (AIP).
The relationship of these documents to each other is presented in Figure 1.

overview of technical guidelines forming the Groundwater Assessment Toolbox. Explanation as
per main text.

Figure 1: Relationship between this guideline and other documents of the GAT
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While the GAT was primarily developed to assess major projects, it is recommended that in some
cases it also be used for other projects (such as projects under other planning development
pathways) that may impact on groundwater quality or quantity. The AIP provides the regulatory
context on which projects will require detailed assessment.
Major projects are assessed under the Environmental Planning and Assessment Act 1979 (NSW)
(EP&A Act). If a major project is determined to be a state-significant development (SSD) or statesignificant infrastructure (SSI), it must be assessed using the Guidelines for groundwater
documentation for SSD/SSI projects.
Projects that may require assessment using these tools are those that include ‘water-affecting
activities’, or in the term used under the AIP, projects with activities that interfere with the aquifer.
Examples of water-affecting activities for SSD/SSI projects that have the potential to affect
receptors include:
•
•
•
•
•
•
•
•
•
•

water supply developments (surface water and/or groundwater)
excavation (for example, open cut mine, underground mine, quarry)
tunnelling (for example, road, rail and other services)
building dewatering (for example, large high-rise developments)
conventional and non-conventional petroleum exploration, pilot and production
solid and putrescible waste landfilling
tailings storages
waste (rock) storage
water storage (above or below ground)
irrigation.

1.2 Structure of this guideline
This guideline provides an over-arching summary of the groundwater documentation process, and
therefore touches on the content of the regulatory framework and the supporting guidelines and
policies, including the AIP.
This guideline is focused on the process of groundwater assessment, documentation and
compliance of the groundwater component of major projects. Figure 1 shows that the Minimum
groundwater modelling requirements for major projects in NSW (MGMR-MP); Cumulative
groundwater impact assessment approaches and NSW Aquifer Interference Policy (AIP) are all
supporting documents to this process. Accordingly, while these guidelines/policies are important
parts of the assessment process, they are not the subject of their own summary, rather their
application is described in the main guideline (Guidelines for groundwater documentation for
SSD/SSI projects).
This over-arching guideline contains the following sections:
Section 2 – Regulatory overview
This section provides a summary of legal instruments that apply to major projects, and
discusses which agencies are responsible for assessing the compliance of the project.
Section 3 – Groundwater assessment for major projects
This major section provides guidance on the process of groundwater assessment and postapproval management and monitoring.
The section summarises the expectations of the NSW Government and requirements for the
groundwater investigations conducted to inform a groundwater impact assessment, as well as
the groundwater impact assessment itself. Following project approval, the role of the NSW
NSW Department of Planning and Environment | PUB22/8| 2
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Government continues, providing guidance on and review of post-approvals monitoring and
management plans and compliance reporting.
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Section 3.1 – Groundwater investigations
This sub-section presents a summary of the minimum requirements for what must be included
in a groundwater investigation for a major project. More detailed information of these topics can
be found in Part A of the Guidelines for groundwater documentation for SSD/SSI projects.
Section 3.2 – Groundwater impact assessments
The sub-section explains how, once the groundwater investigations are underway or
completed, the proponent should assess the risks to groundwater and the potentially
consequent impacts.
This section includes description of:
•
•
•
•
•
•

what constitutes an impact
the concept of minimal harm
the groundwater assessment process
what should be in a groundwater monitoring plan
data collation
modelling requirements.

Section 3.3 – Water management plans
Major projects are required to submit a water management plan (WMP) as part of the
approvals process. This section discusses the strategies, plans, reports and other documents
the proponent will need to prepare prior to commencement. It is important to understand that
these are minimum reporting requirements and regulatory agencies may require additional
documentation.
Section 3.4 – Water compliance reporting
A key component of water management is self-reporting on performance of project risk and
impact management. This sub-section details the steps and reports required to demonstrate
compliance with regulations policies and the permits provided for the project.
Section 4 Best practice in presentation
Consistency, transparency and concise presentation of issues in reporting are keys to assisting
regulatory agencies to assess the proposed project. To assist proponents to understand best
practice in presentation, this section of the guideline collates the recommendations and
expectations of the department.
Section 6: References
This section contains a list of ALL references that are drawn on in any of the GAT documents.
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2 Regulatory overview
The Environmental Planning and Assessment Act 1979, Water Act 1912 (Water Act), the Water
Management Act 2000 (WM Act), the AIP, and the WSPs form the regulatory framework for
groundwater use and irrigation planning in NSW, including management of cumulative impacts.
These regulatory instruments are summarised below, in order of precedence as they relate to
groundwater impact analysis.
The NSW Department of Planning and Environment’s Water group provides advice for major
projects to meet the requirements of the WM Act and the AIP. Major projects include projects
declared state-significant development (SSD) and state-significant infrastructure (SSI).
Further detailed information on the regulatory framework (water-focused) for NSW SSD/SSI
projects is provided in Appendix D of the Guidelines for groundwater documentation for SSD/SSI
projects.
Relevant legislation, references and information:
•
•

•
•
•
•
•
•
•

Environmental Planning and Assessment Act 1979
Water Management Act 2000
o Principles
o Objects
Water Sharing Plans
NSW Aquifer Interference Policy
Aquifer Interference Policy Fact Sheets 1 to 6 (refer Guidelines for groundwater
documentation for SSD/SSI projects - Appendix C)
NSW Government assessing groundwater applications fact sheet
the department's role in assessing major projects
National Partnership Agreement on Coal Seam Gas and Large Coal Mining Development
Significant impact guidelines 1.3: Coal seam gas and large coal mining developments –
impacts on water resources
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2.1 Agency roles
It is important to identify early in the project planning and definition phase which agencies require
consultation. Interactions between legal instruments and agencies can be complex and may
require the proponent to engage with multiple agencies.
NSW Department of Planning and Environment – Water, the Natural Resources Access Regulator,
WaterNSW and the NSW Environment Protection Authority each play a role in the implementation
of the regulatory framework for water management in NSW.
When the project affects matters in the Environment Protection and Biodiversity Conservation Act
1999, the Australian Government Department of Agriculture, Water and the Environment and the
Australian Government Office of Water Science will also have an interest in the permitting process.
If your project involves the extraction of coal seam gas or coal resources, submissions to the
Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development
(IESC) will be required.
Interactions with agencies can range from ‘in consultation with’, where the proponent and the
agency agree on the course of action; to ‘to the satisfaction of’, where the proponent must
demonstrate independently that they understand the risk and how to manage the effect on the
relevant agency and get the endorsement from that agency.
It is recommended that professionals in major project approvals be engaged early to identify the
specific permitting pathway for the project.
The regulatory context for SSD and SSI projects, and the roles and responsibilities of each of
these agencies, is summarised in Table 1 (reproduced from Section 2 Guidelines for Groundwater
Documentation for SSD/SSI Projects).
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Table 1: Regulatory context for SSD/SSI infrastructure projects

Regulator/agency
Department of Planning
and Environment –
Planning and
Assessment

Department of Planning
and Environment –
Water

Relevant Acts, roles and responsibilities
Environmental Planning and Assessment Act 1979

•
•

Issues the Secretary’s environmental assessment
requirements (SEARs)
Assesses the project and provides a recommendation for
determination to the consent authority (which is the
Minster for Planning and Public Spaces, or the
Independent Planning Commission in the circumstances
outlined in the State Environmental Planning Policy (State
and Regional Development) 2011)

•

Approves management plans required under development
consents/approvals.

•

Manages compliance with and reporting required under
Environmental Planning and Assessment Act 1979 and
SEARS.

Water Management Act 2000

•
•
•

Manages the state’s surface and groundwater resource
Develops and implements water sharing plans

Involvement in the SSD/SSI process
•

Coordinates and leads the whole-ofgovernment assessment

•

Seeks advice from relevant agencies on:

o
o
o

the SEARs
the EIS
conditions of consent/approval

•

Administers management plan assessments
and determination process

•

Manages compliance under the EP&A Act;
may seek advice from agencies.

•

Provides advice to the department on the
SEARs

•

Provides advice and recommendations to the
department regarding impacts and water
licensing at different stages of the assessment
and determination process, including following
project approval

•

Provides advice on relevant draft development
conditions of approval.

Manages regional and metropolitan water supply and
usage.
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Regulator/agency
Natural Resources
Access Regulator
(NRAR)

WaterNSW

NSW Environment
Protection Authority
(EPA)

Relevant Acts, roles and responsibilities
Natural resources management legislation including:
•

Water Management Act 2000

•

Natural Resources Access Regulator Act 2017

•

Dams Safety Act 2015

•

Other relevant legislation

•

Ensures effective, efficient, transparent and accountable
compliance

•

Informs, educates and engages to promote understanding of
water laws and users’ responsibilities

•

Monitors and audits the use of groundwater and surface
water.

•
•

Owns and operates state water infrastructure

•

Administers all water dealings for rural landholders or
industry (licensing, approvals, trades, metering, billing)

•

Monitors groundwater and surface water, and maintains
relevant databases.

Operates and manages the Greater Sydney drinking water
catchment

Protection of Environment Operations Act 1997

•

Environmental regulator, focuses on water quality,
contamination/ pollution

•

Partners with business, government and community to reduce
pollution and waste, protect human health, and prevent
degradation of the environment

•

Compliance and investigations; issues orders, fines and
prosecutions.

Involvement in the SSD/SSI process
•

Provides advice to the department on water
licensing for SSD/SSI projects

•

Administers water licensing for SSD/SSI projects,
major utilities, state-owned corporations,
government agencies

•

Assesses breaches of natural resource
management legislation from SSD/SSI projects

•

Provides advice on relevant draft development
conditions of approval.

•
•

Provides data to project proponents

•

Provides advice on draft development consent
conditions.

•

Provides advice to the department on:

•
•

Provides advice to the department on water
issues in the Sydney Catchment area

o

SEARs

o

Point source water quality and pollution
issues

o

Draft conditions

Issues Environment Protection Licences (EPL).
Has a specific role as regulator on CSG
developments
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Regulator/agency

Relevant Acts, roles and responsibilities

Australian Government
Department of
Agriculture, Water and
the Environment

Environment Protection and Biodiversity Conservation Act 1999

Australian Government
Office of Water Science

Environment Protection and Biodiversity Conservation Act 1999

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

•

•

Assesses and determines applications to carry
out a controlled action under the EPBC Act

•

Reviews requests for advice for adequacy of an
EIS/ Groundwater Impact Assessment (GIA)

•
•

Reviews requests for advice

Environmental regulator

•

Liaises with the Australian Government regulators on
requests for advice

•

Prepares secretariat support and supporting analysis
documentation for the Independent Expert Scientific
Committee on Coal Seam Gas and Large Coal Mining
Development (IESC)

Environment Protection and Biodiversity Conservation Act 1999
(Section 505D)

•

Involvement in the SSD/SSI process

Provides independent scientific advice to the Australian
Government Environment Minister on the impact that coal
seam gas and large coal mining development may have on
Australia’s water resources

Provides advice to Australian Government
regulators on potential impacts of coal seam
gas and large coal mining development

NSW Department of Planning and Environment | PUB22/8| 9

Groundwater assessment toolbox for major projects in NSW - Overview document

2.2 Environmental Planning and Assessment Act 1979
Part 4, Division 4.1 and Part 5.1 of the Environmental Planning and Assessment Act 1979 (EP&A
Act) provides a streamlined approval process for the assessment and determination of statesignificant development and state-significant infrastructure respectively.
Under the Environmental Planning and Assessment Regulation 2000, the Secretary of the
Department of Planning and Environment must consult with relevant public authorities when
preparing the Secretary’s Environmental Assessment Requirements (SEARs) for an SSD or SSI
project. The Planning and Assessment group consults with the Water group on water resource
impact assessment and management requirements when preparing the SEARs for SSD/SSI
proponents. Upon public exhibition of the EIS, the Water group is further consulted and is asked to
assess the EIS and any supplementary specialist studies, and to provide relevant draft consent
conditions (or confirm the proponent’s statement of commitments), should the project be approved.
An additional process – a gateway process – will apply to SSD applications for mining or coal
seam gas extraction on strategic agricultural land as defined in a relevant strategic regional land
use plan.

2.3 Water Management Act 2000 and Water Act 1912
The interaction with and use of water in NSW are regulated by the Water Management Act 2000
(WM Act) or the Water Act 1912 (Water Act). The WM Act governs water approvals and licensing
for water sources in areas where water sharing plans (WSPs) have been enacted for those
sources. The Water Act applies to water sources where a WSP has not been enacted or does not
extend to the specific types of licences or approvals.
WSPs establish rules for sharing water between the environmental needs of river or aquifers and
water users, and between different types of water use such as domestic supply, stock watering,
industry, and irrigation. Water access licences entitle licence holders to:
•
•

specify shares in the available water within a particular water management area or water
source (the share component)
take water at specified times, rates, or circumstances from specified areas or locations (the
extraction component).

The WM Act defines aquifer interference activities as activities that involve the:
•
•
•
•
•

penetration of an aquifer
interference with water in an aquifer
obstruction of the flow of water in an aquifer
taking of water from an aquifer while carrying out mining, or any other activity prescribed by
the regulations
disposal of water taken from an aquifer while carrying out mining, or any other activity
prescribed by the regulations.

The WM Act requires water users to hold and comply with the conditions of:
•
•

•
•

water access licences (WAL) to take water
water management work approval to construct and use
o water supply works (for example, a pump, bore, or dam)
o specified flood works at specified locations
water use approvals to use water for particular purposes at particular locations
controlled activity approvals to carry out any works within 40 metres of a river, lake, or
estuary, being waterfront land.
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To take water for a particular purpose, proponents may need to obtain a WAL nominating water
supply work(s).
There are three main categories of approvals that may be granted to proponents:
1. Water supply work approvals authorise holders to construct and use water supply works at
specified locations (for example, to install and operate a pump, dam, or bore)
2. Water use approvals authorise holders to use water for a particular purpose, such as
irrigation, at a particular location
3. Flood work approvals confer rights on their holders to construct and use flood works at
specified locations.
Major projects have different conditions for water allocation. Section 2.2.1 of Guidelines for
groundwater documentation for SSD/SSI projects outlines specific exemptions applicable to major
projects.

2.4 Aquifer Interference Policy (AIP)
Using the definitions in the WM Act, The NSW Aquifer Interference Policy (AIP) details the types of
projects and activities that constitute aquifer interference. WSPs are the main tool for water sharing
management at the source scale; the AIP is the water management tool for impacts on the water
users, including the environment.
The AIP is applied by proponents of aquifer interference activities in preparing applications and
used by the Department of Planning and Environment to assess those applications. The AIP
requires proponents of high-risk activities to plan their projects based on an ‘account for, mitigate,
avoid/prevent, and remediate’ approach. Importantly, the AIP defines minimal impact
considerations for proposed projects, which include assessment of cumulative impacts. In addition,
the AIP provides specific requirements (section 2.2) for dealing with perpetual inflow volumes for
projects that continue to take groundwater after the activity has ceased.
Section 3.2 of the AIP outlines the framework for assessing the impacts of aquifer interference
activities on water resources, in particular how the project will demonstrate:
•
•
•
•

the ability to obtain licences for water take; or
that water take can be prevented if a licence cannot be granted
how minimal impact considerations from AIP Section 3.2.2 can be met
where impacts are greater than predicted, the proponent has adequate remedial mitigation
plans in place to address these impacts.

2.5 Bore dealing impact assessment
Where water is taken primarily for consumptive use from a bore or borefield, the intent is that these
activities be assessed, and licensing requirements applied in the same way as water supply works.
The assessment criteria of bore(s) for consumptive use differs to the AIP criteria.
The potential impact of groundwater extraction is managed through the assessment of all
applications for groundwater dealings (trade) and water supply work approvals (bores). Either
WaterNSW or the Natural Resources Access Regulator receives applications and then refers
them, as required, to the department’s Water group for hydrogeological assessment. The NSW
Government has a fact sheet about the process for assessing groundwater work approval
applications (NSW Department of Industry, 2018).
The assessment criteria applied for groundwater source and aquifer type is discussed further in
Guidelines for groundwater documentation for SSD/SSI projects – Appendix D.
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3 Groundwater assessment for major projects
The overarching groundwater assessment and reporting workflow of a project through preapproval, impact assessment, monitoring and management, and compliance reporting, is
presented in Figure 2 below.

Figure 2: Groundwater assessments and reporting workflow for SSD and SSI projects
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For a project progressing through this approval process, to document the groundwater
assessment, there are four main stages required, these are:
Part A – Groundwater investigations
Part B – Groundwater impact assessments
Part C – Water management plans
Part D – Water compliance reporting.

3.1 Part A – Groundwater investigations
The steps involved in assessing impacts to groundwater from a major project are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Data collation and assessment
Desktop assessment
Define baseline conditions
Preliminary hydrogeological conceptual model
Preliminary risk assessment
Gap analysis
Groundwater monitoring and modelling plan
Field investigations and establishment of monitoring network
Review hydrogeological conceptual model
Report on findings of 1 to 9.

To guide the development of the plans and reports in steps 1 to 9, Section A2 of Guidelines for
groundwater documentation for SSD/SSI projects details the data requirements. These are
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summarised in Section 3.1.1.

Figure 3 presents a workflow for selecting the type of groundwater assessment required for the
project.
Figure 4 illustrates the typical stages of groundwater investigations conducted to inform
groundwater assessments where a groundwater system may be impacted.
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Figure 3: Type of groundwater assessment required

NSW Department of Planning and Environment | PUB22/8| 14

Groundwater assessment toolbox for major projects in NSW - Overview document

Figure 4: Typical stages of groundwater investigations to inform groundwater impact assessments
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3.1.1 Data collation and assessment
The following data are either mandatory and/or instrumental for the department to process your
application.
For projects that the proponent does not expect to intersect the water table, you must ensure that:
•
•

sufficient groundwater data (spatially and vertically) are available to demonstrate that the
proposed activities will not intersect the water table
sufficient baseline temporal monitoring data is obtained to demonstrate that the proposed
activities will not intersect the water table under varying climate and/or surface water flow
conditions.

For projects that intersect the water table, you must ensure that:
•

•

•

Sufficient groundwater (and related surface water) data are available to:
o define baseline conditions (see point 2 below)
o describe the hydrogeological conceptual model)
o assess the potential changes to groundwater and surface water resources due to
future operations.
A minimum of two years of baseline monitoring data is typically required to capture two
seasonal cycles. It is recognised that climatic variation may be significant over periods in
excess of two years; however, there may be practical limitations to collecting data for longer
periods.
Any publicly available data for longer historical periods across the region and within the
same groundwater source(s) are considered and referenced in the groundwater impact
assessment (GIA).

If it is not possible to collect two years of baseline data, an additional risk assessment and gap
analysis must be conducted to document the impact on the project and a future monitoring plan
developed.
Refer to Table 2 in Guidelines for groundwater documentation for SSD/SSI projects for more detail
on data requirements.
Figure 5 presents categories of understanding of a groundwater system on the basis of available
data and information; the more data and information collated, the greater the understanding.
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Figure 5: Information complexity and related data sources (adapted from Howe and Dettrick 2010)
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3.1.2 Desktop assessment
The proponent must conduct a desktop assessment where publicly available and project data
sources are collated, assessed for quality and where data relevant to the project is documented
and made available to regulators. The desktop assessment should include collation of all relevant
available data, information and past technical studies undertaken in the early stages. This informs
the preliminary assessment of the hydrogeological setting and design of future investigations.
All data collected should be presented in a database that clearly identifies the source and
categorises the data reliability as Poor, Moderate or High, as detailed in Section A.3.3 Guidelines
for groundwater documentation for SSD/SSI projects.
Extra effort applied at this stage will avoid unnecessary replication where data and monitoring
infrastructure already exist.
The outcome of the desktop assessment is the preliminary hydrogeological conceptual model. If
insufficient information is present to develop this model, the proponent will need to conduct and
document field investigations to address gaps.
Refer to Section A.3 Guidelines for groundwater documentation for SSD/SSI projects for more
detail.
The following desktop-based information is used to inform the baseline assessment and
hydrogeological conceptualisation:
•
•

•

•

Geographical information: topography, climate, drainage and surrounding land use
Geological information: comprising the local stratigraphy (including a stratigraphic column),
lithology and mapped geological structural features to at least the depth of the proposed
project
Hydrogeological information and data: local hydro-stratigraphic units, existing groundwater
development, aquifer management, regional monitoring networks, groundwater
levels/pressure and quality, bore search, environmental and cultural values, and
vulnerability of the aquifers
Groundwater receptors: groundwater users, potential groundwater-dependent ecosystems
(GDEs), culturally significant site and connected groundwater and surface water sources.

As part of the desktop assessment and through consultation with stakeholders (including local
community, Aboriginal community, council, the department’s Water group), the proponent should
identify environmental and cultural values for the surface water and groundwater sources in the
project area. Establishing the values early on allows the development of management objectives
and informs the impact assessment.
Guidelines for Groundwater documentation for SSD/SSI projects Section A.3.3 provides a list of
publicly available datasets relevant to NSW projects. In addition to these sources, proponents can
request specific groundwater and surface water data from WaterNSW.

3.1.3 Baseline condition assessment
Using data collected during the data collation and baseline assessment, report on the baseline
condition of climate, groundwater, and surface water for the project area.

3.1.4 Preliminary hydrogeological conceptual model
The preliminary hydrogeological conceptual model is generally based on a number of assumptions
and will need to be continually updated as new data and information is gathered. The
hydrogeological conceptual model should be presented graphically through the use of crosssections and three-dimensional (3D) block diagrams, with supporting descriptive text and charts to
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describe the hydrodynamics. Refer Part B Guidelines for groundwater documentation for SSD/SSI
projects for further detail.
The preliminary hydrogeological conceptual model should be developed as an outcome of the
desktop assessment, to identify:
•

•
•
•
•
•
•
•
•
•
•
•

hydro-stratigraphic units including:
o their extent (spatially and vertically)
o characteristics (aquifer or aquitard), hydraulic conductivity, storage parameters
o water quality
o water pressure (or total head)
o recharge and discharge features
mechanisms for recharge and discharge
geological structures and conceptual boundaries
interpreted directions and magnitude of groundwater flow/flow pathways
surface water-groundwater interactions
water sources (highly productive vs less productive)
environmental and cultural values, and potential receptors (social, economic, environmental
and cultural)
existing bores (monitoring, investigation, operating/production, private and government
owned)
climate variability
existing groundwater development and use in the area (for example, irrigation areas, town
water supply borefields)
activities or infrastructure likely to be intersecting groundwater (for example quarries,
mines, tunnels)
sources of potential contaminants (for example, waste storages, water treatment plants).

3.1.5 Preliminary risk assessment
Following the development of the preliminary hydrogeological conceptual model, a qualitative risk
assessment should be developed, which will inform the requirements for the type and density of
data required to estimate baseline conditions, further develop the hydrogeological conceptual
model and inform the GIA. The principles of risk assessment should be considered and are well
documented. For example, international standard (ISO) 31000:2018 provides guidance on risk
management, framed around the principles, framework and process of risk identification and
management.
Risks, including cumulative, at a scale appropriate to the project and affected groundwater system,
should be identified. Section 3.3 Cumulative impacts information paper provides more details of
cumulative impacts that should be considered in this risk assessment.

3.1.6 Gap analysis
Knowledge gaps will have been identified as an outcome of the preliminary risk identification and
preliminary hydrogeological conceptual model developed in the desktop stage of the assessment.
For an SSD/SSI-scale project, a field investigation program is typically required to fill knowledge
gaps and develop a monitoring network to collect baseline data.
Refer to Table 4 in Guidelines for groundwater documentation for SSD/SSI projects for examples
of data gaps and field investigations that can be used to address them.
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3.1.7 Groundwater monitoring and modelling plan
The groundwater monitoring and modelling plan (GMMP) would typically be developed following
the desktop assessment and development of the preliminary hydrogeological conceptual model. A
GMMP, developed in consultation with the NSW Government, ensures the data requirements,
such as the establishment of a baseline and a history of data, that cannot be met retrospectively,
are considered at the exploration phase of a mining or petroleum project.
A GMMP is required for all onshore petroleum projects, projects that have identified cumulative
impacts and all projects that meet the AIP guidelines.
For projects that have identified potential cumulative impacts, Section 6.3 Cumulative impacts
provides more detail on monitoring and mitigation plans and activities required to address these
impacts. The responsibility for monitoring and mitigation of cumulative impacts may be shared
among multiple parties or, in instances where cumulative impacts are between a project’s activity
and natural conditions, the responsibility may reside with a single operator.
For mining and petroleum projects, a groundwater monitoring and modelling plan (GMMP) must be
developed in the early stages of the project (as part of exploration drilling activities) in accordance
with the GMMP guideline (former DPI Office of Water 2014).
GMMPs are required as a standard condition of licence for exploration drilling under the Mining Act
1992 and Petroleum (Onshore) Act 1991. GMMPs document proposed groundwater, and related
surface water, monitoring programs to inform:
•
•
•

assessment of baseline and regional conditions
hydrogeological conceptualisation
time series data for future groundwater model calibration.

A GMMP is a live document that needs to be developed and updated as a project progresses, in
consultation with the department’s Water group, to ensure the groundwater monitoring
requirements, which can have a long lead time, are adequately planned and underway when
required.

3.1.8 Field investigations and establishment of monitoring network
The GMMP guides the development of a comprehensive monitoring network. Section A8 of
Guidelines for groundwater documentation for SSD/SSI projects provides a discussion of examples
of monitoring that can be used to collect data to assess groundwater impacts. The Water Act
requires that field investigations and monitoring be conducted by appropriately qualified personnel.
The aims of field investigations are to:
•
•
•
•
•
•
•
•

fill identified knowledge gaps
validate assumptions
replace forecast values with measured
quantify the water balance
provide model input and calibration data
identify seasonal trends and variability
demonstrate compliance with licence conditions
improve understanding of the regional groundwater system.

3.1.9 Review hydrogeological conceptual model
As field-based data is collected and assessed, the assumptions and input data used to develop the
preliminary hydrogeological conceptual model and risk assessment should be reviewed. As more
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data is collected, knowledge gaps should be reduced, increasing understanding, reducing
conceptual uncertainty and potential risks. Refer to Section A.9 for more detail.

3.1.10 Report on findings of groundwater investigations
The outcomes of the desktop assessment, field investigations, baseline conditions and
understanding of the hydrogeological conceptual model is sometimes documented within the GIA
or as an appendix to the GIA report.
The department’s Water group requires the information to be provided as part of the GIA/EIS as it
is the supporting evidence and basis of the impact assessment.

3.2 Part B – Groundwater impact assessments (GIA)
This chapter discusses:
•
•
•
•
•
•
•

Overview
Context setting
Hydrogeological conceptual model
Impact assessment
Risk assessment review
Mitigations, management and monitoring
Licensing considerations.

3.2.1 Overview
A GIA should:
•
•
•
•
•
•

be clear, concise, transparent, written in plain English and self-contained for ease of use
(if appropriate) meet the requirements of the AIP, including use of the aquifer interference
assessment framework
meet the requirements of the SEARS, relevant water sharing plans and water resource
plans
address other relevant legislative and policy requirements
be scientifically robust, evidence-based assessments supported by diagrams and graphics
demonstrate an understanding of the water environment, water affecting activities and
potential impacts.

The GIA must consider the Source – Transport – Receptor model of impact assessment.
The recommended stages of a GIA are listed in Figure 6, along with available resources for some
stages and guidance on when consultation with stakeholders, including the department’s Water
group, should occur. It is recommended that these stages form the basis for the GIA report
structure for ease of the department’s review. Each stage is discussed further in the following
sections.
The findings of the desktop assessment and groundwater investigations conducted by the
proponent (refer Part A of this guideline), including baseline monitoring, should be documented in
the GIA report, setting the context and the basis for undertaking the impact assessment.
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Figure 6: Groundwater impact assessment flow chart
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3.2.2 Context setting
Context setting places the project into a regional context, focusing on hydrogeology but also
providing an overview of topography, climate, geology and hydrology. The development of a robust
hydrogeological conceptual model is a key component of this stage of the assessment (discussed
in more detail in the next section). It is important at this stage to engage stakeholders and
communicate the proposed project, environmental context and management actions.
Once the context has been established, management objectives should be set to manage and
mitigate the identified impacts. Further detail is provided in B.2 of Guidelines for Groundwater
documentation for SSD/SSI projects.

3.2.3 Hydrogeological conceptual model
Following completion of the groundwater investigations, including updates of preliminary
hydrogeological conceptual model, the hydrogeological conceptual model should be finalised and
documented.
Proponents are required to provide graphical representation of the hydrogeological conceptual
model in the GIA report, through the use of 2D cross-sections and /or 3D block diagrams.
The GMMP guidelines, AIP and Australian groundwater modelling guidelines (Barnett et al 2012)
provide guidance on the requirements of a hydrogeological conceptual model. The proponent
should consider developing conceptual models for the pre-development, development and postdevelopment stages of a project.
Table 2 presents a summary of the information to be documented.
Table 2: Hydrogeological conceptual model components
Component

Information to be documented

Climate

Variation in rainfall, temperature and evaporation
Supporting charts/figures showing seasonal variation and describing recent and
historical climate trends
Supporting charts and maps showing locally monitored rainfall data recorded during
the baseline period used to inform the conceptual understanding

Water sources

Alluvial, porous rock, fractured rock – as defined in relevant water sharing plans
Identifying highly productive vs less productive sources
Identifying if it is a highly connected systems
Supporting maps showing water source extents

Geology

Description of regional and local geology
Stratigraphic column
Supporting maps showing surface geology (regional and local scale) and mapped
geological structures
Supporting maps showing extent of proponent geological model and location of
mineral drillholes (if relevant)
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Component

Information to be documented

Hydro-stratigraphic
units

Description of aquifers/aquitards
Spatial and vertical extent, with consideration of boundaries such as geological
structures
Boundaries such as geological structures (faults, folding, shear zones, intrusions)
Supporting maps showing spatial extent, depth, elevation and thickness of hydro
stratigraphic units

Hydraulic
properties

Location, type and number of aquifer tests
Supporting maps showing spatial coverage of aquifer tests identified by hydrostratigraphic unit
Range in estimate hydraulic properties (Kv, Kh, Ss, Sy) from measured data
Range in hydraulic properties (Kv, Kh, Ss, Sy) from literature reviews
Results of aquifer test analysis appended to the GIA for quality assurance

Groundwater
monitoring network

Location and type (for example, VWPs or standpipe) per hydro-stratigraphic unit
Presentation through the use of tables providing the location (coordinates),
screened interval, screened lithology, GW identification number (as provided by
WaterNSW) and proponent identification (if desired)
Supporting maps showing the spatial coverage of the monitoring network, identified
by hydro-stratigraphic unit and identifying use of proponent installed bores,
landholder bores and government bores, where applicable

Topography and
drainage

Identification and description of watercourses, including seasonal variation and
stream gauge data if available
Topographic and geomorphic information including stream locations and bed
elevations
Supporting maps showing topography and drainage lines in the project area
Description of surface water quality, through the use of supporting charts and maps
showing the location of surface water monitoring/sampling locations

Groundwater levels
and flow direction

Spatial, temporal and vertical variation in groundwater elevation and gradients
Supporting maps showing mapped depth to water table, water table and
groundwater elevation for various unconfined and confined hydro-stratigraphic
units, showing locations of measured data and inferred groundwater flow directions
Supporting charts/figures showing seasonal variation and response to recent and
historical climate trends
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Component

Information to be documented

Groundwater levels
and flow direction

Supporting charts/figures showing vertical gradients
Supporting QA/QC information for monitoring data, including VWPs and/or pressure
transducer data loggers (such as correction for barometric effects, density effects,
instrument drift)

Groundwater
quality

Spatial, temporal and vertical variation in groundwater quality
Supporting maps showing variation in salinity for various hydro-stratigraphic units
Supporting laboratory reports and sampling methodologies for quality assurance
purposes
Supporting charts/figures showing statistical variation and trend analysis

Recharge and
discharge
processes

Estimates of inputs and outputs to the local and regional groundwater system,
including description on processes and estimates of quantities
Description of recharge (for example, rainfall infiltration, irrigation, surface water),
discharge (for example, baseflow, groundwater pumping, coastal), throughflow
Supporting data used to derive estimates (for example chloride mass balance or
literature)
Groundwater age, residence time through the use of isotope analysis

Receptors

Location and type of receptors (social, economic, environmental/ecological and
cultural)
Supporting maps showing mapped GDEs sourced from water sharing plans and
BoM GDE Atlas
Supporting maps showing field-based mapped GDEs, derived through
consultation/collaboration with ecological specialists
Supporting maps showing cultural receptors identified through consultation
Supporting maps showing the location of existing bores monitoring, investigation,
operating/production, private and government-owned), including licensed users and
stock/domestic users

Surface watergroundwater
interaction

Description of surface water-groundwater interaction through assessment of water
quality, field observations and stream flow data
Supporting charts and maps

Existing
groundwater
development

Location and description of existing activities, such as irrigation areas, quarries,
mines
Supporting maps showing the location of the identified activities in proximity to the
proposed project and receptors
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Component

Information to be documented

Proposed project
activities

Location and description of proposed water-affecting activities for the project,
including sources of potential contamination (for example, waste storages, water
treatment plants, tailings storage facilities)
Supporting maps and charts presenting the proposed activities at key stages of the
project (for example, construction, operations, changes to the water management
system, post-development, rehabilitation)

Notes:

Kh = horizontal hydraulic conductivity, Kv = vertical hydraulic conductivity, Ss = specific storage, Sy = specific
yield

3.2.4 Impact assessment
Once the water-affecting activities and potential receptors have been identified, through the
hydrogeological conceptual model and risk assessment, proponents need to assess the potential
impact of the activities on the identified receptors and estimate the water take from each relevant
water source (as an annualised volume).
Direct effects encompass the changes to physical and/or quality aspects of groundwater due to
aquifer interference activities, or the changes to the physical characteristics of aquifers affected by
these activities.
Direct effects of water-affecting activities can result in adverse impacts on receptors. The
assessment of potential receptor exposure to adverse changes in groundwater and connected
systems (quantity, quality, groundwater and surface water interactions and physical disruption of
aquifers) requires the following:
•
•
•
•

Knowledge of the location of receptors within the landscape
An understanding of the receptor reliance on groundwater
An understanding of the capacity for receptors to adapt to altered groundwater regimes
(resilience and resistance)
An understanding of the spatial and temporal scale of direct effects at the location of
identified receptors.

Section B.4 of Guidelines for groundwater documentation for SSD/SSI projects Table 7 to Table 11
present example water-affecting activities and potential effects typically associated with major
aquifer interference projects in NSW (open cut mining including quarries, underground mining,
petroleum projects and tunnels), the potential duration of the effect and associated impact on a
receptor.
Section B.4.2 of Guidelines for groundwater documentation for SSD/SSI projects contains details
of the assessment approach to be used.
Impact assessment criteria are presented in 4.3 of Guidelines for groundwater documentation for
SSD/SSI projects.
Proponents should clearly document the assessment criteria used in the impact assessment. The
assessment of project-related impacts to water resources and water users should consider:
•
•

management objectives based on environmental and cultural values and NSW water
quality objectives
the requirements of the:
o WM Act
o relevant water sharing plans
o AIP (if relevant)
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o
o
o

state environmental planning policies (SEPP) (such as Sydney Drinking Water
Catchment) 2011 (if relevant)
IESC guidelines (if relevant)
Australian groundwater modelling guidelines (Barnett et al 2012) (if relevant).

3.2.5 Risk assessment review
Following evaluation of the project activities and potential impacts on groundwater, connected
surface water and associated receptors associated with these activities, the preliminary risk
assessment completed during the groundwater investigation should be updated. At this stage, the
proponent’s knowledge of the groundwater system as described in the hydrogeological conceptual
model will be much more advanced (following completion of the field investigations and
groundwater assessment).
Once the risks and uncertainties are considered and documented, the proponent must develop
strategies to minimise the risks. The risk rating for an identified hazard should then be reviewed
with consideration of mitigation and management strategies (control measures). Mitigation,
management and monitoring is discussed further in the next section

3.2.6 Mitigations, management and monitoring
Recommended management, mitigation and monitoring measures should be identified as part of
the risk assessment, as controls to manage and reduce the likelihood of a potential adverse impact
to a receptor from occurring. Water management strategies can take a number of forms and these
strategies should be summarised in the GIA report.
As part of this process, the model should be reviewed, and new information incorporated to
improve understanding of the groundwater system.
A high-level summary of the technically feasible and measurable management and mitigation
measures must be reported in the GIA.
At this stage of the process, the proposed management measures should be SMART (specific,
measurable, achievable, realistic and time-bound):
Following project approval, the proponent will then prepare a follow up and detailed WMP(s) or
updated GMMP to document:
•
•

•

mitigation and management requirements for the project (through various stages). For
example, make-good strategy, or biodiversity offsets
monitoring program, including network, with consideration of project water-affecting
activities (for example, sludge lagoon(s), water storages, tailings storages) and receptor
location
trigger action response plan(s) (TARP), which will define contingency plans and remedial
measures.

3.2.7 Licensing considerations
Any take of water is licensed by the water source for where the water is taken. These takes must
be licensed and the total annual volume of water estimated to be taken from each water source
(incidental take) as a result of an aquifer interference activity (during and post-development) and/or
a bore/borefield must be clearly reported in the GIA/EIS.
Section 3.2.3 of the AIP requires that proponents hold water entitlements equivalent to the
predicted maximum annual water take prior to the commencement of the project, regardless of
when the water will be taken.
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Relevant guidelines, references and information:
•
•
•
•
•
•
•
•

Australian and New Zealand Guidelines for Fresh and Marine Water Quality – Management
Framework; Guideline Values
Groundwater Monitoring and Modelling Plans – Information for prospective mining and
petroleum activities
Water Sharing Plans
NSW groundwater-dependent ecosystems information
Minimum requirements for pumping tests on water bores in New South Wales (DPIE 2019)
Risk assessment guidelines for groundwater-dependent ecosystems (Serov et al 2012)
Minimum Construction Requirements for water bores in Australia (NUDLC 2020)
Groundwater Sampling and Analysis – A Field Guide (Sundaram et al 2009).

3.2.8 Groundwater modelling
The AIP requires that all projects that take water from aquifers model the impact of that take from
aquifers. Major project proponents are required to use groundwater models to estimate direct and
induced surface and groundwater takes due to their proposed and/or ongoing activities. The
modelling assessment must clarify potential impacts to the aquifer and aquifer values. Error!
Reference source not found. presents examples of major projects that require a groundwater
model.
Table 3. Examples of major projects in NSW that require preparation of a groundwater model

Mines and quarries

Infrastructure and energy
production

Residential, commercial,
and services

Mining exploration and
operation: Underground coal
mines (long wall, bord and
pillar, drive shafts), hard rock
mineral mines (open cut and
underground), open cut coal
mines, and underground
mineral sand mines.

Power stations: Solar farm,
hydroelectric, transmission
lines, substations, wind farm,
and battery farms.

Residential: Subdivisions,
basement car parks, and
tower blocks

Quarries: Sand dredge (rivers
or coastal dunes), hard rock,
gravel (river dredge), and
limestone.

Roading infrastructure:
Motorways, tunnels, road
cuttings, and bridges.

Commercial: Transport
depots, intensive farming
(piggeries, chickens, fish),
abattoirs and industrial
estates.

Gas: Coal seam, and
conventional

Railway infrastructure:
Overground railway lines,
underground railway lines,
underground stations, tunnels,
and bridges.

Services: Hospital, and
correctional facility.

n/a

Utilities: Water supply
(pipelines groundwater supply
bore fields), and waste
management facilities
(landfill).

n/a
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Groundwater modelling guidelines already exist at the national level, principally the Australian
groundwater modelling guidelines (AGMG; Barnett et al., 2012).
The department has prepared a technical note – Minimum groundwater modelling requirements for
major projects in NSW (MGMR-MP). The MGMR-MP is intended to supplement the AGMG and
comprises a superset of groundwater modelling requirements for NSW. In particular, the MGMRMP adds the following guidance to that contained in the AGMG:
•
•

guidance on how to apply the requirements of the AIP to the modelling process
where applicable, incorporation of the stipulations of the IESC.

Most importantly, the MGMR-MP gives clear direction on the department’s requirements for
planning, documentation and presentation of the results of the modelling process. Under the
MGMR-MP, a groundwater modelling report must be developed to provide transparency and
consistency to the broader community related to how models are used to assess potential
groundwater impacts of proposed major project and projects that are subject to the AIP.
As stipulated in the MGMR-MP, numerical groundwater models must follow the following
sequence:
•
•
•
•
•

Conceptualisation
Numerical model implementation
Reporting
Review
Archiving.

Minimum requirements of the MGMR-MP for groundwater modelling are:
•
•

•
•
•

•
•
•
•
•

•

A groundwater monitoring and modelling plan (GMMP) be prepared and submitted to the
department’s Water group prior to starting the modelling project.
Develop a document for a robust conceptual model of the site, the project, and other
neighbouring projects. The conceptual model may be developed as a series of maps,
cross-sections, block models, and tables of aquifer characteristics.
A mathematical model can then be developed to develop quantitative predictions.
The model shall be calibrated to find model parameter values (and ranges of values) that
are useful for predictions of future conditions, not just to reproduce past data.
A sensitivity analysis during calibration is carried out to evaluate the relative sensitivity of
model predictions of the various model input parameters and boundary conditions on both
model calibration and predictive outputs.
Estimates shall be made of all water likely to be taken from any water source during or
following the activity, including indirect takes (leakage or recharge).
Where recharge and/or evapotranspiration are large components of the system water
balance, the modelling process should include assessment of climate change.
Where predictive uncertainty may have a significant impact on the environment or other
authorised water users, the modelling should include uncertainty analysis.
The technical report must describe the basis for the model, key assumptions, modelling
approach, limitations, and the study findings, conclusions, and recommendations.
Modelling archives should be provided to the department and must include documented
data analysis, modelling data and software program files (if they can be provided in
accordance with copyright or distribution agreements).
3rd-party independent review should be conducted and reported, to ensure the modelling
has been conducted consistent with the MGMR-MP.
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•

The completed model provided to the department must be fit for purpose to the satisfaction
of the department.

3.3 Part C – Water management plans (WMP)
Under the minister’s conditions of approval (CoA) issued for SSD/SSI projects under the EP&A
Act, proponents are required to submit a range of post-approval reports to the department.
The WMP should demonstrate how the proposal will be capable of complying with statutory
obligations under all water-related licences and approvals.
WMPs should be practical and binding, providing clear direction to personnel responsible for its
implementation. The plans should detail all relevant CoAs and management measures upfront,
referencing how (and where) they are addressed in the plan (or sub-plans).
The recommended stages of a WMP development (with a groundwater focus) are listed in Figure
7, along with available resources for some stages and guidance on when consultation with
stakeholders, including the department’s Water group, should occur. Each stage is discussed
further in sections C.2 to C.10 of Guidelines for groundwater documentation for SSD/SSI projects.
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Figure 7: Water management plan workflow
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3.4 Part D – Water compliance reporting
When the project has been approved and is underway, to demonstrate compliance with CoAs, the
project is required to prepare reports on the ongoing operations and the impact of the operations
on the groundwater resource. Often these reports are submitted as part of the project annual
return.
Annual environmental reports are post-approval documents typically required by the CoAs under
the EP&A Act. Large, complex projects may require more frequent reports to multiple agencies, as
detailed in the CoA. Typically, groundwater compliance reports require a review of groundwater
performance against established baseline conditions or trigger levels. Best practice is to ensure
that data be collected, analysed and reported in accordance with the CoA.
Figure 8 illustrates the typical workflow/stages in the preparation of water compliance reporting.
These are discussed in the Sections D.3.to D.10 of Guidelines for groundwater documentation for
SSD/SSI projects and can be used by the proponent to form the structure of the compliance report.
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Figure 8: Typical water compliance reporting workflow
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4 Best practice in presentation
The department requires that best practices are used during the application of groundwater impact
analysis.
Key recommendations are provided below. These recommendations should be considered by
project proponents during early stages of project planning to improve the prediction capability of
the models and reduce the likelihood of permit delays due to incomplete groundwater or
cumulative impact assessments.
•
•

•
•
•
•

•
•
•
•
•
•
•
•
•
•

Include cumulative impact analysis as part of the design of a study. It is very difficult to
account for retroactively.
Develop the approach for a conceptual model and an analytical or numerical model prior to
commencing baseline data collection. Submit approaches for review and collaborate with
the department and other agencies to confirm the scope of the required technical study and
groundwater model. Coordinate a meeting with the department and other agencies to
discuss the approach.
Collaborate with the department from initial scoping through final submittals for the
proposed project.
Define the spatial scope of cumulative impact studies on the extent of potential resource
impacts, rather than the boundaries of the project.
Consider the timing of impacts, as impacts to water resources, especially groundwater, may
be delayed compared to operational periods for projects.
Consider the degree of uncertainty in the hydrogeological system when establishing the
area for analysis and determining whether other projects need to be incorporated into the
analysis.
Collaborate on planning with internal and external stakeholders, including adjacent projects
while performing cumulative impact analyses.
Conduct a qualitative risk assessment during conceptual model development since it can
be used to navigate the challenging process of determining the area of analysis.
Incorporate receptors (for example, GDEs, BLR bores) into the conceptual model and
understand whether impacts from other projects are predicted to intersect these features.
Communicate and apply regulatory agency standards to resource studies and use opensource models, standard methods, common analyte lists, etc.
Collaborate by sharing data collection and modelling as this provides decision-makers with
alternatives to planning rather than relying on precautionary worst-case scenarios.
Formulate predictions based on data collection and evidence (for example, measurements,
raw data, collected information, etc.).
Disclose and document the conceptualisation, methods, results, and sensitivity analyses to
ensure a transparent presentation of cumulative impact analyses.
Create a monitoring plan to update the analysis and predictions as required. Include
mitigation in the event impacts are measured.
Apportion responsibility for mitigation measures among multiple operators based on the
degree of their respective individual impacts when the cumulative impacts are additive.
Apportion responsibility for mitigation measures among multiple operators equally when the
cumulative impacts are non-additive.
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4.1 Presentation
With improvements in technology and digital platforms, some proponents are submitting EIS and
supporting reports via online and downloadable report formats, sometimes supported by online
web maps.
Such online visualisation of EISs, including GIAs, is encouraged by the department’s Water group.
Presentation of the impact assessment results, groundwater management plan information and
annual reports (or other compliance reports) needs to be clear, concise, transparent and written in
plain English. More detail is presented in B.4.4 of Guidelines for groundwater documentation for
SSD/SSI projects.
This includes (but is not limited to):
•

•

•

Description of the groundwater system:
o Clearly present the hydrogeological conceptual model using maps, sections,
schematic diagrams and words
o Clearly define assumptions, limitations and simplifications made in the assessment
methodology
o Clearly identify the ecosystems environments that may potentially, wholly or
partially, rely on groundwater and also known GDEs that are predicted to be
impacted
Description of predicted operational impacts:
o Present quantitative water balances for pre-development, construction and
operational phases of the project (and if appropriate, post-development, until the
groundwater systems recover or reach a new equilibrium)
o Where applicable, present the predicted range in water
table/potentiometric/groundwater level decline, under varying scenarios, or consider
alternative conceptualisations
o Using AIP criteria and GDE risk assessment (Serov et al 2012), describe the
predicted effect that causes the impact (such as lower water table) and then how
the impact will manifest
o Where a project will not intersect the water table, the GIA must provide clear
explanation and sufficient data to demonstrate that the activities will not intersect or
interact with the water table
o Where applicable, present cumulative impacts using maps to show predicted
groundwater level (including water table), maximum drawdown and elevation. Use
hydrographs to present predicted groundwater level change with time. Identified
receptors should also be identifiable on maps.
o Clearly justify and define the significance of the predicted impact(s), based on
management objectives, environmental and cultural values, ecological significance,
DoE (2013) Significant Impact Guidelines (where applicable).
Description of post-operational impacts:
o Use conceptual diagrams (such as cross-sections or 3D diagrams) to illustrate the
predicted post-development hydrogeological conditions, including impacts on
groundwater sources and/or connected surface water sources and/or at receptors
o Describe predicted groundwater level recovery following
completion/closure/decommissioning of the development.
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4.2 Transparency
To give the community and regulators confidence, it is important that all data, assumptions,
impacts, models, timeframes and uncertainties are made available to the department. In particular,
follow the guidance presented in the GAT documents.

4.2.1 Minimum expectations for report content
The appropriate level of documentation will vary depending on the scope of the study objectives,
the phase of the project and the complexity of the model simulations. At a minimum, all reports
must present:
•
•
•
•

the objectives of the study
a description of the work that was done
logical arguments to convince the reader that the methods and analyses used in the study
are valid
results and conclusions.

4.2.2 Maps, graphs, charts and tables
For all data deliverables within a report at all stages of the development, the department requires
that the data used to develop the deliverable (map, graph, chart, table, etc.) be provided in an
acceptable electronic format, together with a bibliography of all data files that have been provided.
Example data submission files would be MS Excel, shape files, DXF, and any templates or
automation scripts for commercially available software that was used to create the graphs, charts
or maps.

4.2.3 Groundwater modelling report
4.2.3.1 Structure of the groundwater modelling report
In addition to the main GIA report, a stand-alone groundwater modelling report must be provided to
provide transparency and consistency to the broader community and describe how the
mathematical model(s) have been applied to assess the potential groundwater impacts of the
project. Table 4 gives a recommended report structure for groundwater modelling reports
presented to the department.
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Table 4. Example model report structure (compiled from ASTM, 2013; Barnett et al., 2012)
Title

Description

1

Report title

The title should reflect the model and project objectives rather than just the
study location.

2

Executive
summary

The detailed model report includes a brief, executive-style report to summarise
the major findings of the study for non-technical audiences.

3

Introduction and
model objectives

Clearly state the modelling objectives, the purpose and goals of the study, and
the applicability of the model as part of the study. Discuss what types of
predictions are to be made with the model. Include the target confidence level.

4

Conceptualisation

This section describes the current level of understanding of the aquifer system
and how this is translated into a conceptual model to address the model
objectives. Include a general setting of relevant information on the regional
characteristics of topography, geology, hydrology, and land use. Present a
regional map with the study area defined. Present and discuss data set origins,
strength, deficiencies and their effects on the conceptual model. Include
reference to a data inventory.

5

Model design

The model design section specifies the model confidence level and the
technical details of the groundwater model such as domain, spatial and
temporal discretisation, parameter distributions, implementation of stresses and
boundary conditions, and model code and software. Discuss the selection
criteria for the model code. Identify the code and whether any custom or altered
code is used. Present the simplifying assumptions inherent to the code, the
limitations to the code, and the governing equations that the code solves.

6

Model calibration

Summary of how model parameters are changed within predefined constraints
to match observations. This requires a clear description of the
parameterisation, objective function and constraints, as well as the calibration
methodology and sensitive analysis. Discuss comparison of calibration
simulations to site-specific information using qualitative and quantitative
techniques. Discuss and present the simulation’s overall water budget and
mass balance. Discuss additional insight gained from the calibration regarding
the conceptual model and resulting changes, if any, to the conceptual model.

7

Predictive
modelling

Description of the use of the model to address the model objectives by
exploring aquifer behaviour under different stresses. Detail and justify the
changes made to permit the calibrated model to simulate these predictions.
Present results of any predictive simulations in graphical form.

8

Uncertainty
analysis

Presentation of the uncertainty associated with the predictions, based on, at
least, heuristic descriptions of measurement uncertainty associated with
parameters, results of sensitivity analysis, stresses and calibration targets and
structural model uncertainty, associated with the conceptual and mathematical
model.

9

Model limitations

States the limitations of data and code, the reliability of different outcomes of
the model and how further data collection or research may improve reliability.

10

Conclusions and
recommendations

Summary of model findings and recommendations for further analysis. Draw
conclusions related to the study objectives. Discuss how uncertainties inherent
to the model affect conclusions derives from the model.

11

References

Full references of cited literature and data sources.

12

Appendices

Maps, graphs and tables containing detailed information on the model that is
important to fully document the model.
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4.2.3.2 Reporting of cumulative impacts
The modelling report must present a clear and unambiguous description of the predicted
cumulative impacts of the project.
Transparent presentation of cumulative impact assessments depends on disclosure and
documentation of the conceptualisation, methods, results, and uncertainty analyses undertaken
with the groundwater model.
Within the modelling report, these disclosures take the form of a:
•
•
•
•

•

presentation of the conceptual model for cumulative impacts evaluation, along with a
description of the environmental context
listing of the impacts of a project, along with a quantitative description of the magnitude and
duration of those impacts
presentation of the information used to inform the impacts evaluation
listing of the cumulative impacts forecasted, along with presentation of the spatial-temporal
extents (for example, mapping of predicted potentiometric surface changes during
operations and post-closure, extents of drawdown at one or more discrete time steps and
maximum extent of drawdown, recovery curves for groundwater levels or fluxes at critical
locations)
clear presentation of the level of confidence and uncertainties associated with the analysis,
as well as suggestions to reduce uncertainty in future models (for example, data gathering,
additional testing, model validation, etc.).

A summary of the cumulative impacts must also be presented and discussed in the GIA. The GIA
would typically contain the following discussion of cumulative impacts:
•
•
•
•
•
•

•

a listing of the impacts of a project, along with a quantitative description of the magnitude
and duration of those impacts
a map of the resource boundary showing the project location within the boundary
a tabulation of past, current, and reasonably foreseeable future actions with those actions
tied to a specific location represented on the resource boundary map
a presentation of the conceptual model for cumulative impacts evaluation, along with a
description of the environmental context
an account of the cumulative impact implications for resource management and legal
compliance
a presentation of mitigative measures and controls, along with:
o an assessment of their effectiveness in offsetting impacts
o the ownership of the mitigation and the accountability protocol for its implementation
a presentation of a monitoring plan to verify and update the cumulative impact analysis as
needed, including modelling.

For more details, refer to the Cumulative groundwater impact assessment approaches information
paper.
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4.3 Timing of reports
Project proponents must work with the department’s Water group to determine the need for interim
reports or whether study status, issues and preliminary results, and feedback from the
department’s Water group and project stakeholders must be obtained by other means.
Consultation or interim reporting must be considered at the following model stages, or more
frequently after:
1. conceptualisation and model design
2. calibration and sensitivity analysis
3. predictive modelling and uncertainty.
Staged reporting or consultation makes it possible to re-direct a modelling project and allows the
overall report to be prepared progressively throughout the study. A staged reporting or consultation
approach increases the opportunities for progressive reviews, which should improve the quality of
the final report.

4.4 Government agency and third-party reviews
Resource management decisions are seldom made by a single decision-maker and typically have
implications for other resources and their decision-making authorities.
Review by state and federal government agencies – some not necessarily responsible for
regulating water resources – along with public review and comment, assists in establishing the
completeness of the dataset used and improves confidence that the implications of the cumulative
impacts have been recognised. Academic and professional organisations could also contribute to
impact assessment reviews.
Assessment of methodologies and validation of forecast results should be accomplished via thirdparty reviews that compare the evaluation to industry standards plus past observations and
forecast results for similar resource management scenarios.
Review of GIAs must include:
•
•
•
•

data completeness
methodological correctness of evaluation tools and models
validation and benchmarking of forecasts
multidisciplinary assessment of evaluation conclusions and their implications.
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5 Conclusion
This technical guideline is intended to give proponents clarity when preparing project application
documents, groundwater impact assessments (including modelling) and environmental impact
statements.
This is not a stand-alone document and proponents must refer to the other documents that make
up the Groundwater Assessment Toolbox for more detailed guidance when considering the risks of
proposed projects.
More information on how the NSW Government sets water policy and assesses the risks of major
projects is available online.
Contemporary information on projects, the status of the NSW Water Strategy, water data and other
relevant information about water is available online at Water (https://www.water.nsw.gov.au/)
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