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Disclaimer
While every reasonable effort has been made to ensure that this document is correct at the time of
publication, the State of New South Wales, its agencies and employees, disclaim and all liability to any
person in respect of anything or the consequences of anything done or omitted to be done in reliance
upon the whole or any part of this document.
Maps are included in the report to give visual support to the facts and discussion presented within the
report. Hence in some instances the extents and boundaries of the mapped features have been displayed
at a different scale then the original data acquisition may have intended. This is particularly pertinent
for the larger scale maps.
The NSW Planning Assessment Commission advises that information presented on the maps should be
used as a general guide only and not as the sole basis on which property scale management or resource
allocation decisions are made. In particular, care should be taken in basing land use, development, or
other decisions on mapped data relating to underground coal mine workings. This data set, as
displayed, should be seen as indicative, rather than accurate. The State of New South Wales will not
accept responsibility for anything, or the consequences of anything, done or omitted to be done in
reliance upon the mapped information.

EXECUTIVE SUMMARY
Overview
The Metropolitan Coal Project relates to the future life of mine planning for Metropolitan
Colliery. The Colliery is located approximately 30km north of Wollongong in NSW and
is one of the oldest working collieries in NSW. It is owned and operated by the
Proponent, Helensburgh Coal Pty Ltd (HCPL), a wholly owned subsidiary of Peabody
Pacific Pty Limited.
The Metropolitan Coal Project is the first mining proposal in the Southern Coalfield to be
assessed under Part 3A of the Environmental Planning and Assessment Act 1979 since the
Southern Coalfield Inquiry (SCI) Report was published in 2008.
The Minister for Planning referred the Project to the Planning Assessment Commission
(PAC) for review and for advice on the acceptability of the potential impacts and any
other significant issues raised in submissions or public hearings. The PAC Panel
proceeded by way of examination of the Environmental Assessment (EA) and the
Preferred Project Report (PPR), receipt of submissions, public hearings, examination of
experts, field inspections and meetings of the Panel.
The Panel was directed specifically to take account of the SCI recommendations in
reviewing the Project. As a result, significant deficiencies in the information provided in
the EA and PPR have been identified and are commented on throughout this report.
However, it is important that the context be noted: the Proponent had commenced many
of the studies for the EA prior to the SCI Report becoming available and therefore it is
unreasonable to expect that this particular EA could take full account of the SCI findings.
The Panel has taken the view that its Terms of Reference require it to do two things: (i) to
review the Metropolitan Coal Project specifically; and (ii).provide an assessment of how
the SCI recommendations might be applied to a substantive mining proposal and to
suggest any variations or enhancements that may facilitate application of these
recommendations to future proposals.
The Metropolitan Colliery is a ‘deep’ coal mine by Australian standards with a depth of
cover ranging from 400m to 560m. It also uses a comparatively narrow longwall width of
between 133m and 163m. The primary product is coking coal.
The present value of the Proposal stated in the EA is $592m . However, revised estimates
based on more realistic coking coal price assumptions would put this as $995m (a 68%
increase). Should the mine be required to pay for associated greenhouse gas emissions
and some other minor costs, the net production benefit of the mine is estimated to be
$436m in the EA and $839m under the revised price forecast. Over the 23 years of the
proposed expansion, the mine is forecast to provide 700 direct and indirect jobs, to pay
$56m in annual household incomes and to generate $372m worth of business turnover per
annum in the Illawarra region. The contributions to the scale of the NSW-wide economy
are greater with 1951 jobs, $154m annual household incomes and $687m business
turnover per annum being generated.
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Guided by the ToR, the Panel has focused on the potential subsidence related impacts of
the Project. The Southern Coalfield, including the Project Area, is prone to both
conventional and non-conventional forms of subsidence. Non-conventional subsidence is
concentrated in valley floors and can impact severely on features in these areas because it
causes uplift and buckling of valley floor strata. This can result in cracking of the bed of
watercourses, diversion of water from the surface to subsurface fracture networks, and
contamination of water flowing within these networks. Conventional subsidence usually
results in less severe impacts but these can be distributed over a much larger region.
Extensive background material on the aspects of subsidence (both conventional and nonconventional) relevant to assessment of the Project is provided in this report. The key
findings are:
•

The methodology used to predict conventional subsidence effects is considered
reasonable and to have produced predictions that are at least as reliable as that
associated with alternative techniques.

•

The methodology used to predict non-conventional subsidence effects is still
under development and considerable uncertainty is associated with predictions.
However, currently there is no better alternative technique available and
predictions are more likely to be overestimated because they are based on a
conservative upper bound approach.

•

The relationship between the prediction of non-conventional subsidence effects
and the impacts and consequences that result is poorly defined.

•

The methodology currently used to predict impacts resulting from nonconventional subsidence is rudimentary.

•

Some features, such as rock bars which function as dam walls for pools on
watercourses, may have a very low tolerance to non-conventional subsidence.
Cracking of these can result in severe impacts and consequences when mining is
still some distance away.

The potential impacts of the Project on significant natural features, surface waters,
groundwater, upland swamps terrestrial and aquatic ecosystems and cliff lines and on
Aboriginal heritage sites, are considered in detail in the report.
Surface Waters
The three key issues identified were:
•

Catchment yield. The possibility that the quality and quantity of water reaching
Woronora Reservoir may be reduced as the consequence of subsidence-induced
cracking in the waterways and catchment.

•

Stream health. The possibility that cracking in stream beds may have adverse
consequences for the ecological and aesthetic condition of waterways mainly
through loss of surface flow and reduced water quality.
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•

Site water management. The effectiveness of measures to ensure that off site
impacts from process water and runoff at the coal processing and loading facility
are appropriately managed.

The potential loss of catchment yield was a strongly contested issue that could not be
resolved beyond doubt on the information available. However, the Panel’s view is that
the risk of any significant loss is very low unless a major geological discontinuity is
encountered during mining that provides a direct hydraulic connection between the
surface and the mine workings. This is considered unlikely.
The environmental consequences for watercourses impacted by subsidence can be severe.
There is abundant evidence of this in the reaches of the Waratah Rivulet that have been
undermined by previous longwalls. The consequences include visible fracturing of
bedrock within the bed of the watercourse, physical dislocation of slabs of rock from the
bed and subsequent transport and breakdown of these slabs into finer material, loss of
water from pools, loss of low flows from the bed of the watercourse, and increased
concentrations of dissolved metals (leading to iron staining on rock and iron flocs and
algal growth and discoloration of water in pools).
The Panel considered these potential consequences and their acceptability using an
analysis based on an assessment of stream values, the potential consequences from
subsidence and the options for managing these consequences. The analysis was applied
to the Waratah Rivulet and the Eastern Tributary specifically and to the other
watercourses in the Project Area collectively.
The Panel concluded that the environmental consequences from the Preferred Project
were unacceptable for specified sections of the Waratah Rivulet and the Eastern Tributary
and has provided recommendations establishing the environmental outcomes required for
these sections. These outcomes are defined as ‘negligible environmental consequences’
and are based on no diversion of flow, no change in the natural drainage behaviour of
pools, and minimal iron staining. The Proponent should be required to satisfy the
Director General that the mining operations will achieve the outcomes.
The Panel has recommended that mining be allowed to proceed under other watercourses
and, as a transitional strategy only, under a limited section of the Waratah Rivulet below
Flat Rock Crossing.
Site water management became a significant issue due to the upwardly revised estimates
for mine water from those presented in the EA (from 182.5ML/year to 1277 ML/year).
Further work is required to establish a satisfactory strategy for managing water on the site
and a review of the Environment Protection Licence is recommended.
Groundwater
Rigorous review of the information in the EA and PPR identified numerous deficiencies
that made it difficult to conduct a proper assessment of the potential groundwater impacts
of the Project. The Panel was finally supplied with enough material to be able to
conclude, on balance of probabilities, that impacts on groundwater were unlikely to be
significant. However, recommendations have been made concerning data collection and
monitoring requirements to assist in putting the issue beyond doubt.
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Swamps
The potential for negative environmental consequences for upland swamps was a strongly
contested issue between the Proponent, Government agencies, independent experts and
community groups.
The Panel spent a substantial amount of time reviewing the evidence and considering its
position on upland swamps. It concluded that the mining parameters were such that: i)
for most swamps in the Project Area, there was low risk of negative environmental
consequences, and ii) that there was a very low risk that a significant number of swamps
would suffer such consequences.
The Panel noted that there were significant deficiencies in the EA and the PPR in relation
to prediction of non-conventional subsidence impacts at swamps. This led to concerns
that a small number of swamps might be at risk from this source and it was considered
desirable that further work be undertaken to establish the nature and extent of any such
risk before undermining of these swamps could proceed.
Threatened Species and Endangered Ecological Communities
A substantial amount of information exists on the potential impacts of the proposal on
terrestrial flora and fauna. Two significant issues arise from this material:
•

whether there are risks of significant impacts on native species, habitats or
ecological communities from the Project; and

•

whether there are risks that trigger action under legislation, in particular the
Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC
Act) or the Threatened Species Conservation Act 1995 (NSW) (TSC Act).

None of the information suggested that any individual species other than those already on
statutory schedules would be at risk from the mining proposal, although it is clear that
some individual members of a species may suffer consequences from localized impacts.
In relation to species on statutory schedules, the major concerns were directed at the
Eastern Ground Parrot. Surveys undertaken for the Project ‘re-discovered’ this parrot at
two upland swamps in the Project Area. Its status in NSW is vulnerable, with only three
isolated populations known. Although the Panel is of the view that the Project does not
pose additional risks to this species, the additional survey and population monitoring
work requested by DECC should be included in any approval conditions.
Cliffs and Overhangs
The information in the EA and the PPR did not enable an adequate assessment of which
specific cliffs and overhangs may be more vulnerable to experiencing impacts, the scale
of impacts in absolute terms, the spatial density of impacts, and what the specific
consequence of these impacts might be. The Panel considers that there is considerable
scope for improving the quantification of both impact and consequence predictions in the
Project Area and recommends that further work be undertaken for this purpose.
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Aboriginal Heritage
The impacts and consequences of mining on Aboriginal heritage were raised in a number
of submissions and presentations.
The Aboriginal Cultural Heritage Assessment has identified 188 Aboriginal heritage sites
within the Project Area, of which 142 sites are sandstone overhangs and the remainder are
open sites. The subsidence assessments for the sites presented in the EA are based on
conventional subsidence. There is no analysis of the non-conventional subsidence
effects, albeit that some open sites are located in or close to drainage lines and a number
of sites are associated with watercourses. The Panel considers that this does not
constitute an adequate degree of assessment for an EA.
Although additional information was requested from the Proponent, and the PPR also
contains some additional material, there are still concerns about the sufficiency of that
information as a basis for unqualified recommendations. It appears likely that some sites
of Aboriginal heritage and cultural significance will be impacted by the Project and
approval conditions will therefore need to incorporate provisions for monitoring all
highly significant sites for the purpose of comparing predictions of effects and impacts
against measured effects and impacts and implementing mitigation and remediation
measures where practical.
Economic and Social Impacts
The EA produced analyses of economic and social impacts in relation to the Project.
While these were not considered sufficient in their original form, some additional work
was undertaken that improved their value to the assessment process. It was clear that
properly structured analyses that were free of bias and contained the appropriate level of
sensitivity testing could be of great benefit in the assessment of future mining proposals
under Part 3A.
Application of SCI Recommendations
The application of the SCI recommendations to the review, and the development of
methods for applying them to the assessment of this and future proposals in the Southern
Coalfield, was a major focus for the Panel.
The Panel considers that if the SCI Report recommendations had been available to the
Proponent prior to commencement of the EA studies and had been followed closely in
preparation of the EA itself, that many of the information deficiencies would not have
arisen, the proposed approval conditions would have been fewer and simpler and review
of the proposal would have been much more efficient.
The Panel spent considerable time developing methods for applying the SCI principles.
In doing so it has derived an expanded risk framework for natural features using the Risk
Management Zone (RMZ) concept and set out suggested approaches for assessing
relative significance of natural features and the acceptability or otherwise of subsidenceinduced impacts and consequences for those features.
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Where the predicted subsidence impacts could lead to unacceptable environmental
consequences for significant natural features the Panel has, wherever possible, adopted a
strategy of specifying the outcomes to be achieved for the feature rather than prescribing
limits for subsidence effects and/or impacts, or setting arbitrary mining setbacks. The
Panel considers that it should be up to the Proponent to satisfy the Consent Authority and
the regulators that the detailed strategies it will employ will achieve the required
outcomes. However, such an approach will only work if failing to achieve the outcomes
carries unattractive consequences for the Proponent.
The Panel considers that it would be desirable if future proposals for mining in the
Southern Coalfield were required to take account of the SCI recommendations as
modified by this report in preparing the Project Application and the subsequent EA. It
follows that a rigorous review of adequacy of the EA prior to exhibition would assist in
making the review stage as short and productive as possible.
Recommendations
For the Metropolitan Coal Project, the Panel recommends that the Project Proposal as set
out in the PPR of April 2009 be approved by the Minister subject to a broad-ranging suite
of strict conditions directed towards:
•

Improved environmental outcomes – in particular, protection of the lower reaches
of the Waratah Rivulet and the Eastern Tributary to the standard of negligible
environmental consequences.

•

Collection of data necessary for:
o resolving significant outstanding questions in relation to potential impacts
of conventional & non-conventional substance on surface water,
groundwater, upland swamps and mine water management that were not
able to be answered satisfactorily from the information available to the
Panel;
o informing future management decisions in relation to upland swamps,
Aboriginal heritage sites and watercourses.

•

Monitoring of predicted versus measured effects, impacts and consequences of
both conventional and non–conventional subsidence on a range of significant
features including watercourses, groundwater, upland swamps, Aboriginal
heritage sites and cliff lines.

•

Establishing an appropriate suite of strategies for situations where prescribed
outcomes are not achieved or predicted impacts are exceeded.
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GLOSSARY
ACARP: Australian Coal Association Research Program, an industry-wide research
program administered by the Australian Coal Association and funded by a per-tonne
levy on all coal production.
Aquatic dependent: aquatic dependent species and ecological communities occur
primarily in aquatic or wetland habitats, as well as species that may use terrestrial
habitats during all or some portion of their life cycle, but that are still closely
associated with, or dependent upon, aquatic or wetland habitats for some critical
component or portion of their life-history.
Aquiclude: an impermeable body of rock that may absorb water slowly but does not
transmit it.
Aquifer: a permeable body of rock or regolith that both stores and transmits
groundwater.
Aquitard: a layer of rock having low permeability that stores groundwater but delays
its flow.
Banksia Thicket: characterised by a tall dense shrub layer of Banksia and Hakea
with a low shrub layer and sedges. Occurs patchily around the periphery of large
swamps on damp soils.
CBA: Cost Benefit Analysis
Cyperoid Heath: heath characterised by a dense stratum dominated by cyperaceous
sedges. Widespread on relatively deep organic sands in wet areas surrounding
drainage lines of large swamps and in the wettest parts of smaller swamps.
DECC: Department of Environment and Climate Change. This agency regulates
impacts to air, flora and fauna, water and Aboriginal heritage.
Director-General’s Requirements: requirements provided by the Director-General
of the Department of Planning for an environmental assessment or environmental
impact statement.
DoP: Department of Planning.
DPI: Department of Primary Industries.
DWE: Department of Water & Energy.
EA: Environmental Assessment.
EEC: Endangered Ecological Community

xii

Eutrophication: the process whereby a body of water becomes rich in dissolved
nutrients, through either natural or man-made processes. This often results in a
deficiency of dissolved oxygen, producing an environment that favours plant over
animal life.
GDE: Groundwater dependent ecosystem.
HCPL: Helensburgh Coal Pty Ltd
Panel: The Commission constituted to review the Metropolitan Coal Project
Pore Pressure: the groundwater pressure applying to a pore space at a nominal
depth. Often expressed in metres head of water or kPa.
Primary Porosity: the intergranular or matrix storage in between pore spaces in an
aquifer – often expressed as a percentage (by volume) of a rock mass
Piezometer: a non-pumping well or borehole, generally of small diameter, used to
measure the elevation of the water table or potentiometric surface.
Restioid Heath: has a low, open shrub layer and a groundcover dominated by forbs.
Widespread wet heath community occurring where drainage is moderately impeded,
on relatively drier sites.
Regolith: the blanket of soil and loose rock fragments overlying bedrock. It includes
dust, soil, broken and weathered rock, and other related materials.
Riparian Zone: the area of land adjacent to a river or stream. It includes the
riverbanks and land immediately adjacent to riverbanks.
RMZ: Risk Management Zone
Sedgeland: dominated by a continuous stratum of small restionaceous and
cyperaceous sedges. Restricted to local seepage zones on shallow soils around the
margins of larger swamps and on sandstone benches perched on the sides of gullies.
SCA: Sydney Catchment Authority, the lead agency controlling water supply
infrastructure for both Sydney and the Illawarra.
SCI: Southern Coalfield Inquiry
SMP: Subsidence Management Plan, required under any mining lease granted for
underground coal mining under the Mining Act 1992.
Special Areas: areas surrounding SCA’s dams which are subject to additional
management measures to protect the quality of drinking water. These areas are
declared under the Sydney Water Catchment Management Act 1998 for their value in
protecting the quality of the raw water used to provide drinking water to greater
Sydney and for their ecological integrity.
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Subsidence: the deformation of the ground mass surrounding a mine due to the
mining activity. The term is a broad one, and includes all mining-induced ground
movements, including both vertical and horizontal displacement and curvature.
Ti-Tree Thicket: has a tall to short, relatively dense stratum dominated by ti-tree and
Banksia and a tall, very dense understorey of sedges and ferns. Occurs in major
seepage zones of large swamps, which typically have deep, highly organic
waterlogged soils.
ToR: Terms of Reference
Upsidence: relative upward movement, or uplift, created by the horizontal
compression and buckling behaviour of the rock strata in the vicinity of a valley floor.
It reflects shearing and buckling of near surface strata, generally at or close to the
valley centreline, caused by valley closure.
Valley closure: a phenomenon whereby one or both sides of a valley move
horizontally towards the valley centreline, due to changed stress conditions beneath
the valley and its confining land masses.
Risk Assessment Terms1
Acceptable risk / acceptable level of risk: the outcome of a decision process of
determining an acceptable option. The choice of an option (and its associated risks,
costs and benefits) depends on the set of options, impacts, values and facts examined
in the decision-making process.
Consequence: outcome or impact of an event, which may be multiple, may be
positive or negative, can be expressed qualitatively or quantitatively, and are
considered in relation to the achievement of objectives.
Ecological risk assessment: a set of formal scientific methods for estimating the
likelihoods and magnitudes of effects on plants, animals and ecosystems of ecological
value resulting from human actions or natural incidents.
Environmental impact: any change to the environment, whether adverse or
beneficial, wholly or partially resulting from an organisation’s activities, products or
services.
Environmental objective: the overall environmental gain, arising from the
environmental policy, that an organisation sets itself to achieve, and which is
quantified where possible.
Likelihood: used as a general description of probability or frequency.
Probability: a measure of the chance of occurrence expressed as a number between 0
and 1.
1

Source: Standards Australia (2006)
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Risk: the chance that something happening that will have an impact on objectives.
Risk analysis: systematic process to understand the nature of and to deduce the level
of risk.
Risk assessment: the overall process of risk identification, analysis and evaluation.
Risk management process: the systematic application of management policies,
procedures and practices to the tasks of communicating, establishing the context,
identifying, analysing, evaluating, treating, monitoring and reviewing risk.
Tolerable risk: risk which is accepted in a given context based on the current values
of society.
Uncertainty: a lack of knowledge arising from changes that are difficult to predict or
events whose likelihood and consequences cannot be accurately predicted.
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1.0

INTRODUCTION AND TERMS OF REFERENCE

On 14 November 2008, the Minister of Planning issued three directions to the
Chairperson of the Planning Assessment Commission (PAC), the first being to:
1. Request the Planning Assessment Commission (the Commission) to:
a) Carry out a review of the potential subsidence related impacts of the
Metropolitan Coal Project on the values of Sydney’s drinking water
catchment, and in particular its impact on the Waratah Rivulet and Woronora
Reservoir, taking into consideration the recommendations of the Southern
Coalfield Inquiry;
b) Advise on the significance and acceptability of these potential impacts, and to
recommend appropriate measures to avoid, minimise, or offset these impacts;
and
c) Identify and comment on any other significant issues raised in submissions
regarding the Metropolitan Coal Project or during the public hearings;
The Terms of Reference (ToR) stated that the Commission (Panel) was to be
constituted of the following members:
•
•
•
•
•

A member of the PAC
Professor Jeffrey Bennett
Emeritus Professor Jim Galvin
Dr Col Mackie
Dr John Tilleard

Dr Neil Shepherd, a member of the PAC, was appointed as Chair of the Panel.
A copy of the full ToR is provided in Appendix I.
The Metropolitan Coal Project relates to the future life of mine planning for
Metropolitan Colliery. The Colliery is located approximately 30km north of
Wollongong in NSW and is one of the oldest working collieries in NSW. It is owned
and operated by the Proponent, Helensburgh Coal Pty Ltd (HCPL), a wholly owned
subsidiary of Peabody Pacific Pty Limited.
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2.0

METHOD OF OPERATION

2.1.

PANEL MEETINGS

The Panel was briefed initially by the Department of Planning (DoP), the Proponent
(HCPL) and their consultants. Through the course of the review, the Panel convened
several meetings amongst themselves and also met with the Proponent and its
consultants, an independent expert and government agencies.
2.2.

PUBLIC HEARINGS

In accordance with the Panel’s ToR, Public Hearings were held on 11 and 12
March 2009 at the Wollongong Council Chambers. A total of 17 verbal submissions
were made to the Panel at the hearings, comprising 3 from Government agencies, 9
from special interest groups, 4 from individuals and 1 from a mining company. The
Proponent also presented a verbal response to the Panel at the end of the hearings.
2.3.

DOCUMENTATION

The Panel reviewed a large amount of information before and after the public hearing.
The principal sources of this information were:
•
•
•
•
•
•

the Southern Coalfield Inquiry (SCI) Report;
the Proponent’s Environmental Assessment (EA) Report;
additional information provided by the Proponent and their consultants;
submissions from government agencies and the public;
additional information from government agencies; and
the Proponent’s Preferred Project Report (PPR) of April 2009 which included
a revised mine plan2. This PPR comprises Attachment 1.

The Panel was advised on 18 May that a revised PPR was to be submitted to the
Department of Planning. Given the reporting timeframes it was not possible to
reconvene the Panel to give proper consideration to this new document. Accordingly,
this Panel report is based only on the original EA and the PPR of April 2009
(Attachment 13).
2.4.

FIELD INSPECTIONS

Three field inspections were conducted by members of the Panel, details of which are
provided in Table 1.

2
3

Document No. PPR-01-E.Doc received by Panel on 28 April 2009
Attachment 1 does not contain Appendix A the Proponent’s Response to Submissions
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Table 1: Field Inspections Undertaken by Panel Members

Date

Air/Ground/
Underground

Air
14/1/09
&
15/1/09
Ground

6/3/09

Underground

Air

26/3/09

Sites Inspected

•
•
•

Waratah Rivulet
Flat Rock Swamp
Cataract Gorge

•
•
•
•

Metropolitan Colliery surface facilities
Helensburgh township and surrounds
Waratah Rivulet, between upstream end of
Pool A and upstream end of Pool J
Portions of Swamp No: S22, S50 and S76

•

Longwall face and old mine workings

•

Waratah Rivulet, from Flat Rock Swamp to
Woronora Reservoir
Eastern Tributary
Waratah Rivulet cliff line
Cliff falls above Dendrobium Area 1
Swamp 1
Sandy Creek
Sandy Creek Waterfall
Wongawilli Creek – over Elouera Colliery
Native Dog Creek
Swamp 18
Wongawilli Creek – over Dendrobium
Colliery
Lizard Creek, upstream, over and
downstream of NRE No. 1 Colliery

•
•
•
•
•
•
•
•
•
•
•

•

Ground

•
•
•
•

Waratah Rivulet, upstream of WRS6 to
downstream end of boulder field O2
Eastern Tributary
Upper reaches, downstream of 9J fire trail
crossing
Lower reaches, upstream of end of 9G fire
trail
Un-named tributary of Waratah Rivulet
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3.0
3.1.

CONTEXTUAL MATTERS
MINING APPROVALS PROCESS

In 2005, major changes to the mining approvals process were introduced via the State
Environmental Planning Policy Major Projects 2005 (Major Projects SEPP) and
Part 3A of the Environmental Planning and Assessment Act 1979 (EP&A Act). One
effect of these changes was that the statutory exemptions which many existing coal
mines (including Metropolitan Colliery) had held from any requirement to obtain
development consent were removed. However, transitional provisions in both the
Major Projects SEPP and the Environmental Planning & Assessment Regulation 2000
have the effect that any underground mine has until December 2010 to obtain project
approval.
Proponents for new project approvals, including operating coal mines such as
Metropolitan Colliery, must first prepare a brief Preliminary Environmental
Assessment. This assessment is then used by the DoP to determine the key issues of
the project and formulate Director General’s Requirements (DGRs) that must be
addressed by the Proponent in a detailed EA Report.
The DoP and other key government agencies then assess the Proponent’s EA to
ensure it has adequately satisfied the DGRs. If considered adequate, the EA is
publicly exhibited for a minimum of 30 days during which time public and agency
submissions are received by the DoP. These submissions are then forwarded to the
Proponent who prepares a ‘response to submissions’ and, in some cases, a PPR which
may include a revised mine plan.
If a PPR is produced, it is then assessed by the DoP which recommends approval or
refusal to the Minister for Planning. A recommendation of approval includes
conditions of approval. These typically require a Proponent to prepare and implement
a number of management plans and strategies to the satisfaction of the Director
General of the DoP and/or other agencies. This includes a Subsidence Management
Plan (SMP) if there is a potential for surface subsidence.
The Minister for Planning may request the Planning Assessment Commission to
provide a review of all or any part of a Project at any stage in this process.
After approval by the Minister for Planning, the Proponent must obtain a mining lease
from the Minister for Mineral Resources which, under Part 3A, must be substantially
consistent with the project approval granted by the Minister for Planning.
Further information regarding the mine approval process is contained in Section 5.1
and Appendix A of the Southern Coalfield Inquiry (SCI) Report (NSW Department of
Planning 2008).
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3.2.

SOUTHERN COALFIELD INQUIRY

3.2.1.

Introduction

The SCI was established in December 2006 by the NSW Government to address
concerns held by Government over both past and potential future impacts of mine
subsidence on significant natural features in the Southern Coalfield. These concerns
first surfaced in the community in 1994 when the bed of the Cataract River suffered
cracking and other subsidence impacts.
The ToR for the Metropolitan Coal Project Panel require the Commission to take into
consideration the recommendations of the SCI that were tabled in July 2008.
Accordingly, these recommendations featured extensively throughout the Panel’s
deliberations and report preparation and, therefore, the recommendations and findings
upon which they were based are summarized in this section.
The SCI’s ToR were to:
1. Undertake a strategic review of the impacts of underground mining in the
Southern Coalfield on significant natural features (ie rivers and significant
streams, swamps and cliff lines), with particular emphasis on risks to water
flows, water quality and aquatic ecosystems; and
2. Provide advice on best practice in regard to:
a) assessment of subsidence impacts;
b) avoiding and/or minimising adverse impacts on significant natural
features; and
c) management, monitoring and remediation of subsidence and
subsidence-related impacts; and
3. Report on the social and economic significance to the region and the State of
the coal resources in the Southern Coalfield.
The ToR focused on particular defined significant natural features (ie rivers and
significant streams, swamps and cliff lines). The SCI considered that certain local
non-natural values contributed to the significance of these features, including
Aboriginal heritage, non-Aboriginal heritage, conservation, scenic and recreational
values. Water flows and water quality were considered to relate not only to
ecosystem functioning but also to reflect water supply catchment values. The ToR
did not extend to advising on the ‘acceptability’ of particular subsidence impacts or
the scale or measurement of the value or significance of individual natural features.
The SCI defined the terms subsidence impact, subsidence effect and environmental
consequence in respect of subsidence and natural features. The Panel has extended
the use of these terms to also include man-made structures and surface modifications.
The term effect describes subsidence itself. Any physical change to the fabric or
structure of the ground, its surface, or man-made features is described as an impact.
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The term consequence is used to describe any change in the amenity or function of a
feature that arises from an impact. In turn, some consequences may give rise to
secondary consequences. Consequences related to natural features are referred to as
environmental consequences. By way of example, tensile strain due to the ground
surface being ‘stretched’ as a result of undermining is an effect, a crack resulting from
the tensile strain is an impact, loss of water down the crack is a consequence, and the
drying of a water dependent ecosystem as a result of this loss of water is a secondary
consequence. The latter two are included under environmental consequences in some
contexts.
3.2.2.

SCI Findings

Those recommendations of the SCI relevant to the Panel’s ToR were based on the
following findings:
1.

The Southern Coalfield is a major source of high quality hard coking coal and
the unique nature of this coal resource within NSW makes it a very important
contributor to the local, regional and State economy. Coal mining has high
economic and social significance within the communities of the Southern
Coalfield and coal mining and related industries are significant generators of
wealth for the local community, the State and the nation, through expenditure,
taxes, receipts and royalties.

2.

The Southern Coalfield’s significant natural features include rivers and higher
order streams, associated sandstone river gorges, major cliff lines and upland
swamps. It also contains important flora, fauna and aquatic ecosystems, many
listed threatened species, populations and endangered ecological communities,
and a significant number of Aboriginal heritage sites. The major land use
includes water supply catchment for the Sydney and Illawarra Regions and
associated dams and other major water storage infrastructure.

3.

Effects resulting from conventional surface subsidence behaviour and their
impacts are well understood and are readily and reasonably predictable by a
variety of established methods.
However, due to the geology and
geomorphology of the Southern Coalfield, effects due to non-conventional
subsidence behaviour also regularly occur. The understanding of nonconventional surface subsidence effects (far-field horizontal movements,
valley closure, upsidence and other topographical effects) is not as advanced.
Valley closure and, in particularly upsidence (valley floor uplift) are difficult
to predict.

4.

The majority of subsidence impacts on significant natural features are
associated with non-conventional subsidence effects, leading to impacts on
rivers and significant streams and, in particular, the cracking of stream beds
and underlying strata. This has the potential, under certain conditions, to
result in:
a. loss or redirection of surface water flows;
b. changes in water quality (particularly ferruginous springs and/or
development of iron bacterial mats);
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c. loss of ecosystem functionality (eg loss of pool integrity and
connectivity and changes in water quality); and
d. loss of visual amenity.
5.

The upland swamps of the Southern Coalfield fall into two categories –
headwater swamps (which make up the majority) and valley infill swamps.
Although it is likely that subsidence impacts observed elsewhere in the
landscape are likely to take place beneath such swamps, the SCI Panel was
unable to draw any firm conclusions regarding the potential for subsidence to
have adverse consequences on these swamps. Most known impacted swamps
are valley infill swamps. At all sites inspected by the SCI Panel, there had
been a range of other environmental factors in play and the SCI could not be
certain that subsidence either initiated or contributed to the damage at these
swamps. However, available evidence suggests a significant possibility that
undermining of valley infill swamps could cause drainage, water table drop
and consequent degradation to swamp water quality and associated vegetation.
Further research was required before a definitive conclusion could be reached.

6.

No evidence was presented to the SCI to support the view that subsidence
impacts have resulted in any measurable reduction in runoff to the water
supply system operated by the Sydney Catchment Authority (SCA) or to
otherwise represent a threat to the water supply of Sydney or the Illawarra
region. However, this does not discount the possibility that a reduction in
runoff may be realised under certain conditions, including downwards leakage
to mining operations, especially where a shallow depth of cover prevails or a
structural feature provides a conduit for flow.

7.

The SCI observed subsidence impacts on cliff lines, principally rock falls
associated with river gorges or other cliffs. It concluded that most such rock
falls appeared to be minor, in so far as they seem to affect a relatively small
proportion of cliffs close to longwall operations.

8.

Aboriginal heritage sites are most at risk of subsidence impacts where they are
located in cliff lines and/or rock overhangs. The SCI Panel was not made
aware of any significant impacts having occurred on Aboriginal heritage
features in the Southern Coalfield since the 1980s.

9.

There is clear evidence of other, non-mining related, factors also having major
environmental impacts on significant natural features in the Southern
Coalfield (eg: polluted runoff, dams and weirs, drought, bushfires etc).

10.

Subsidence impact assessments in the Southern Coalfield have generally
focused too much on the prediction of subsidence effects, rather than the
accurate prediction of subsidence impacts and their consequences. While
there have been substantial improvements in the industry’s ability to predict
impact and consequence in recent years, these predictions have generally been
qualitative in nature (eg ‘moderate cracking’, ‘a possibility that some pools
will drain’). Consequently, it has been difficult for agencies to establish
whether impacts were greater or less than predicted. The challenge for the
mining industry and its consultants over the next few years will be to move to
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a new generation of predictive capacity which is essentially quantitative in
nature.
11.

Subsidence impacts can be managed by one or a combination of avoidance
measures, tolerance of the resultant impacts, mitigation, and remediation
(rehabilitation) measures.

12.

Remediation measures should not currently be relied upon as a forward
management strategy for highly-significant features. However, remediation
may be a valuable option as a contingency measure if actual subsidence
impacts exceed predictions.

3.2.3.

SCI Recommendations

The SCI recommendations arising out of these findings that are of particular relevance
to the ToR for the Metropolitan Coal Project Panel are:
1.

Risk Management Zones (RMZs) should be identified in order to focus
assessment and management of potential impacts on significant natural
features. RMZs are appropriate to manage all subsidence effects on
significant natural features, but are particularly appropriate for nonconventional subsidence effects. Consequently, RMZs should be identified
for all significant environmental features which are sensitive to valley closure
and upsidence, including rivers, significant streams, significant cliff lines and
valley infill swamps.

2.

RMZs should be defined from the outside extremity of the surface feature,
either by a 40° angle from the vertical down to the coal seam which is
proposed to be extracted, or by a surface lateral distance of 400 m, whichever
is the greater. RMZs should include the footprint of the feature itself and the
area within the 40° angle (or the 400 m lateral distance) on each side of the
feature.

3.

RMZs for watercourses should be applied to all streams of 3rd order or above,
in the Strahler stream classification. RMZs should also be developed for
valley infill swamps not on a 3rd or higher order stream and for other areas of
irregular or severe topography, such as major cliff lines and overhangs not
directly associated with watercourses.

4.

Environmental assessments for project applications lodged under Part 3A
should be subject to the following improvements in the way in which they
address subsidence effects, impacts and consequences:
a. a minimum of 2 years of baseline data, collected at an appropriate
frequency and scale, should be provided for significant natural
features, whether located within an RMZ or not;
b. identification and assessment of significance for all natural features
located within 600 m of the edge of secondary extraction;
c. better distinction between subsidence effects, subsidence impacts and
environmental consequences;
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d. increased transparency, quantification and focus in describing
anticipated subsidence impacts and consequences;
e. increased communication between subsidence engineers and specialists
in ecology, hydrology, geomorphology, etc;
f. key aspects of the subsidence assessment (particularly in respect of
predicted impacts on significant natural features and their
consequences) should be subject to independent scientific peer review
and/or use of expert opinion in the assessment process; and
g. increased use of net benefit reviews by both mining Proponents and
regulatory agencies in assessing applications.
5.

Due to the extent of current knowledge gaps, a precautionary approach should
be applied to the approval of mining which might unacceptably impact highly
significant natural features. The approvals process should require a ‘reverse
onus of proof’ from the mining company before any mining is permitted
which might unacceptably impact highly-significant natural features.
Appropriate evidence should include a sensitivity analysis based on mining
additional increments of 50 m towards the feature. If such mining is permitted
because the risks are deemed acceptable, it should be subject to preparation
and approval of a contingency plan to deal with the chance that predicted
impacts are exceeded.

6.

Approved mining within identified RMZs (and particularly in proximity to
highly significant natural features) should be subject to increased monitoring
and assessment requirements which address subsidence effects, subsidence
impacts and environmental consequences. The requirements should also
address reporting procedures for back analysis and comparison of actual
versus predicted effects and impacts, in order to review the accuracy and
confidence levels of the prediction techniques used.

7.

Part 3A of the Environmental Planning & Assessment Act 1979 should be the
primary approvals process used to set the envelope of acceptable subsidence
impacts for underground coal mining projects. This envelope of acceptability
should be expressed in clear conditions of approval which establish
measurable performance standards against which environmental outcomes can
be quantified.

8.

The acceptability of impacts under Part 3A (and, in the interim, the
Subsidence Management Process) should be determined within a framework
of risk-based decision-making, using a combination of environmental,
economic and social values, risk assessment of potential environmental
impacts, consultation with relevant stakeholders and consideration of
sustainability issues.

9.

Mining which might unacceptably impact highly significant natural features
should be subject to an increased security deposit sufficient to cover both
anticipated rehabilitation costs (as at present), and potential rehabilitation costs
in the event of non-approved impacts to the highly significant feature. If nonapproved impacts occur and the feature is not able to be remediated by the
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mining company, then the deposit should be able to be forfeited as
compensation for the loss of environmental amenity.
10.

Consideration should be given to the increased use within Part 3A project
approvals of conditions requiring environmental offsets to compensate for
either predicted or non-predicted impacts on significant natural features, where
such impacts are non-remediable.

11.

Mining companies should ensure that they consult with key affected agencies
as early as possible in the mine planning process, and consult with the
community in accordance with applicable current industry and Government
guidelines. For key agencies (eg DECC and SCA), this engagement should
begin prior to the planning focus stage of a project application.

12.

Government should provide improved guidance to both the mining industry
and the community on significance and value for natural and other
environmental features to inform company risk management processes,
community expectations and Government approvals. This guidance should
reflect the recognition that approved mining would be expected to have
environmental impacts.

13.

The coal mining industry and Government should undertake additional
research into the impacts of subsidence on both valley infill and headwater
swamps. This research should focus on the resilience of swamps as
functioning ecosystems, and the relative importance of mining-induced,
climatic and other factors which may lead to swamp instability.

14.

The coal mining industry should undertake additional research into means of
remediating stream bed cracking, including:
a. crack network identification and monitoring techniques;
b. all technical aspects of remediation; and
c. administrative aspects of remediation, in particular, procedures for
ensuring the maintenance and security of grout seals in the long term.

15.

Coal mining companies should develop and implement:
a. approved contingency plans to manage unpredicted impacts on
significant natural features; and
b. approved adaptive management strategies where geological
disturbances or dissimilarities are recognised after approval but prior to
extraction.

16.

The coal mining industry should escalate research into the prediction of nonconventional subsidence effects in the Southern Coalfield and their impacts
and consequences for significant natural features, particularly in respect of
valley closure, upsidence and other topographic features.

17.

Coal mining companies should place more emphasis on identifying local
major geological disturbances or discontinuities (especially faults and dykes)
which may lead to non-conventional subsidence effects, and on accurately
predicting the resultant so-called ‘anomalous’ subsidence impacts.
10

18.

Mining companies should incorporate a more extensive component of
subsidence impact prediction with respect to natural features, in any future
planning submissions. Such predictions should be accompanied by validation
of the prediction methodology by use of back analysis from previous
predictions and monitoring data.

19.

Coal mining companies should provide a minimum of two years of baseline
environmental data, collected at appropriate frequency and scale, to support
any application under either Part 3A of the Environmental Planning &
Assessment Act 1979 or for approval of a Subsidence Management Plan.

3.2.4.

Consistency with SCI Recommendations

The bulk of the investigations and studies associated with the Part 3A Environmental
Assessment for the Metropolitan Coal Project were undertaken prior to the release of
the SCI report. Hence, as is to be expected, the EA is not aligned in many respects to
the recommendations of the SCI. In the Panel’s view this has led to a number of the
deficiencies in the EA expanded on in later sections of this report.
3.3.
3.3.1.

GENERAL PARAMETERS FOR THE METROPOLITAN COAL PROJECT
Mining Parameters

Two representative borehole sections for the Project Area are shown in Figure 1. The
Metropolitan Coal Project EA is based on continuing to extract the Bulli Seam
utilising longwall mining, commencing with Longwall 20 and progressing through to
Longwall 44 as shown in Figure 2. The depth of cover varies between a minimum of
approximately 400m over the proposed Longwalls 30 and 31, to a maximum of 560m
over the proposed Longwalls 42 and 43. This classifies Metropolitan Colliery as a
‘deep’ coal mine by Australian standards. The seam dips at a low rate from the south
east to the north west of the subject area, dropping some 120m over a distance of
6km. Seam thickness varies from a minimum of 2.5m over Longwalls 29 to 32, to a
maximum of 3.8m near the centre of Longwall 20. The maximum extracted thickness
is 3.4m.
The proposed longwall panel width is 163m, reducing to 133m within the Dam Safety
Committee’s Notification Area for Woronora Reservoir. These widths are small by
industry standards today, with most longwall panel widths falling in the range of 250
to 400m. The dimensions of the Metropolitan Colliery longwall panels are
comparable with those of pillar extraction layouts utilised extensively in the past in
the Southern Coalfield.
The modified mine layout associated with the PPR received in April 2009 is shown in
Figure 3.
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Figure 1: Representative Stratigraphic Columns in the Subject Area4

4

Fig 1.3 of Appendix A of the EA for the Metropolitan Coal Project
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Figure 2: General Arrangement for Project Plan Proposed in the EA5

5

Extract of Figure ES-3 of Executive Summary of the EA
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Figure 3: General Arrangement for Preferred Project Plan Case 10c6

6

Source: Figure 6 of the PPR
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3.3.2.

Mine Economic and Social Impacts

The extension of underground mining at Metropolitan Colliery will generate financial
returns to the shareholders of HCPL, royalty revenue to the State Government and
taxation revenue to the Federal Government. The extent of these returns, in present
value terms using a seven per cent discount rate, is estimated in the EA to be in the
order of $592m. The coking coal price forecast used in the EA as the basis for
estimating the financial return to the Proponent and the governments was based on a
falling trend from AUD288 in 2010 until 2016 when prices would stabilise at
AUD100 per tonne. With a less conservative forecast whereby the coking coal price
in 2010 is USD110 and rising at one per cent per annum after 2013 through the life of
the mine, the present value of the financial return increases to $995m.
Should the mine be required to pay for associated greenhouse gas emissions, this
financial return would fall by a projected $149m. Other costs associated with damage
to infrastructure and noise are in the order of $7m. Hence, the net production benefit
of the mine is estimated to be $436m in the EA and $839 under the alternative price
forecast.
Over the 23 years of the proposed expansion, the mine is forecast to provide 700
direct and indirect jobs, to pay $56m in annual household incomes and to generate
$372m worth of business turnover per annum in the Illawarra region. The
contributions to the scale of the NSW-wide economy are greater with 1951 jobs,
$154m annual household incomes and $687m business turnover per annum being
generated.
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4.0

ISSUES RAISED REGARDING POTENTIAL IMPACTS

4.1.

SUBMISSIONS

A total of 96 submissions were referred to the Panel by the DoP. In accordance
with its ToR, the PAC also invited submissions from government agencies and the
public through notices in the Sydney Morning Herald, the Illawarra Mercury and
the Daily Telegraph on 11 February 2009.
These notices also offered the opportunity for verbal presentations to be made to
the Panel at public hearings on 11 and 12 March 2009. Letters were also sent to
all parties who had made submissions to the DoP advising them of the public
hearings and inviting them to make submissions.
In total, the Panel received 18 submissions of which 17 were presented verbally at
the public hearings and one was provided in writing only. Three of the
submissions were from Government agencies, 9 were from special interest groups,
5 were from individuals and 1 was from a mining company. The issues raised in
these submissions are tabulated in Appendix II.
The issues raised in the submissions to the DoP and the Panel related to:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Subsidence impacts
Groundwater systems
Surface water, including the Waratah Rivulet, Eastern Tributary and the
Woronora Reservoir
Swamps, including water and ecological issues
Cliff lines
Impacts on Aboriginal heritage
The economics of the proposal
The cumulative impacts of the proposal
Effectiveness of proposed remediation techniques
A lack of baseline data
Mining as a key threatening process
Coal reject emplacement
Habitat connectivity
Climate change
Site management including management of mine water
Transport
Traffic and roads
Noise
Air and dust
Waste generation and disposal
Social amenity
Visual amenity

16

4.2.

FOCUS OF THE PANEL’S REVIEW

In keeping with the ToR and the Panel’s consideration of all the material provided to
it, potential subsidence impacts related to the following matters are considered to
warrant detailed review and comment:
•
•
•
•
•
•

surface waters including the Waratah Rivulet, Eastern Tributary and the
Woronora Reservoir
groundwater including both shallow and deep groundwater systems and the
management of mine water
swamps
ecological communities and threatened species
cliff lines and overhangs
Aboriginal heritage

The other significant issues raised in the public hearings were the potential impact of
the mining proposal on climate change, the social and economic implications of the
mining proposal, subsidence induced damage to a range of private and public
infrastructure, and coal and coal reject transport by road.
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5.0

SUBSIDENCE EFFECTS

The term subsidence has two meanings in subsidence engineering. In the most
general case, as adopted by the Panel, it encapsulates all ground movements that
result from mining. Its second meaning, which features in some submissions to the
Panel, relates specifically to the vertical component of mining induced surface ground
movement. Both sub-surface and surface subsidence, in isolation or collectively, have
implications for the integrity of natural and man-made features.
The Subsidence Assessment Report, Appendix A of the EA, was prepared by Mine
Subsidence Engineering Consultants (MSEC) and is concerned primarily with
predicting subsidence effects. This review of it by the Panel presents some
introductory principles of subsidence engineering as a basis for commenting on the
reasonableness and accuracy of the predicted subsidence effects, impacts and
consequences contained in the EA.
More detailed subsidence engineering
information is available in the report of the SCI and from the website of MSEC7.
5.1.
5.1.1.

SUBSIDENCE FUNDAMENTALS
Sub-Surface Subsidence

Figure 4 shows a conceptual model of subsurface behaviour above a mining
excavation. As excavation width, W, is increased a point is reached where caving of
the immediate roof is initiated. Caving progresses higher into the roof with further
increases in excavation width, until it is arrested due to bulking of the caved material.
This typically occurs at a distance of 3 to 10 times the mining height, h, into the roof
and defines the caved zone.
The strata immediately above the caved zone sag onto the caved material and compact
it to some extent. Bedding planes are sheared, pre-existing geological joints are
opened and fresh vertical and horizontal fractures are induced in the sagging process.
This produces a well developed and connected vertical and horizontal fracture
network of high permeability that defines the fractured zone.
If the depth of mining, H, is sufficiently great or the excavation width, W, is
restricted, a point is reached where the stresses in the sagging upper rock mass are too
low to cause joints to open or new fractures to develop on a regular or continuous
manner. Sliding on bedding planes can still occur and new horizontal fracture planes
may develop but the magnitude of displacements on these surfaces is small. The
strata is characterised by negligible changes in vertical permeability and only slight
changes in horizontal permeability. It constitutes the constrained zone. In the
absence of geological discontinuities, such as faults and dykes, constrained zones are
regarded as significant barriers against surface water flowing into mine workings
through mining induced fracture networks. Therefore, water inflow to mine workings
through this zone is determined by the natural permeability of the rock mass within it.
7

http://www.minesubsidence.com/

18

Near surface rocks comprise the surface zone. Strata within this zone are usually
weaker as they are not constrained and may have undergone a degree of weathering.
Because they constitute the outer surface of a sagging beam, they are subject to
bending and to shear, tensile and compressive forces. This results in a zone of
vertical fracturing and horizontal shear that extends a limited depth into the ground.

Figure 4: Conceptual Model of Caving and the Nature of Fracturing above a Mine Excavation8

The issue of hydraulic connections between stored waters and mine workings in the
Southern Coalfield of NSW was the subject of a major inquiry commissioned by the
State Government in the mid 1970s and conducted by Justice Reynolds. The
Reynolds Commission (Reynolds, 1977) concluded that at depths of cover greater
than 120m, excavation width (panel width) should not exceed one third of the cover
depth, provided that the panels were separated by pillars that had a width of one fifth
of the cover depth or fifteen times the height of extraction. Effectively, this was to
prevent pillar failure and maintain a constrained zone above each mining panel.
Since the Reynolds’ Inquiry, a range of field, laboratory and computer simulation
studies indicate that these recommendations are overly conservative in many
circumstances. In the case of the Southern Coalfield, a number of very low
permeability claystone strata, Figure 1, are now considered to function as aquicludes
or hydraulic barriers to surface water flowing into mine workings, thereby adding
additional conservatism to Reynolds’ recommendations.
Based on these
developments, mine owners have successfully petitioned the Dam Safety Committee
and other government regulators on a number of occasions to approve less
conservative mine layouts than those recommended by Justice Reynolds.
8

Source: Southern Coalfields Inquiry Report
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5.1.2.

Surface Subsidence

The Subsidence Assessment Report within the EA identifies two components of
surface subsidence, namely, a systematic component and a non-systematic component.
The SCI recommended that these terms be renamed conventional and nonconventional, respectively, albeit that the term ‘non-conventional’ is still a misnomer.
This review is structured around the terminology recommended by the SCI.
5.1.2.1.

Conventional Surface Subsidence

The conventional or general model of subsidence at the surface is founded on
assuming ideal conditions in that:
•
•
•
•
•

the surface topography is relatively flat;
the seam is level;
the surrounding rock mass is relatively uniform and free of major geological
disturbances or dissimilarities;
the surrounding rock mass does not contain any extremely strong or extremely
weak strata; and
the mine workings are laid out in a regular pattern.

In flat topography, the surface above coal mine workings usually subsides in the form
of a trough, taking on a saucer-shaped appearance. The angle of draw, Figure 4 and
Figure 5, defines the limits of the subsidence trough. In NSW, this is taken to be the
20mm vertical displacement contour because it is very difficult to distinguish mining
induced movements from seasonally induced changes below this value. When the
surface subsides in the shape of a trough, it curves outwards near the perimeter of the
trough and inwards towards the centre of the trough, as shown in a grossly
exaggerated manner for a single extraction panel in Figure 5. This behaviour is
referred to as curvature.
Hence:
•

•

•

Curvature results in points on the surface moving in both a vertical direction
and a horizontal direction as they subside. Vertical movement is referred to in
subsidence engineering as vertical displacement, Vz. In longwall layouts,
horizontal movement is broken into two components, being transverse
horizontal displacement, Vx, across the width of a panel and longitudinal
horizontal displacement, Vy, along the length of a panel.
When two adjacent points undergo a different amount of vertical
displacement, the slope of the ground surface between them changes, which
then induces tilt in features located on the surface. Slope and tilt are expressed
in terms of millimetres change per metre run, or mm/m.
Curvature in an outwards direction, referred to as convex curvature, results in
the ground ‘stretching’ or ‘hogging’. The ground is subjected to tensile strain,
εt, which is measured in terms of millimetres of extension per metre length, or
mm/m.
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•

Curvature in an inwards direction, referred to as concave curvature, causes the
ground to sag and move closer together. The ground is subjected to
compressive strain, εc, also measured in terms of mm/m.

Figure 5: Diagrammatic Representation of Surface Subsidence Components in Flat Topographic

The rock mass above a mining excavation can be visualised to behave as a sagging
beam. Vertical displacement of this rock mass increases as the excavation width, W,
increases and as the thickness of the overburden, H, reduces. That is, vertical
displacement is directly proportional to the W/H ratio. In theory, if the W/H ratio is
sufficiently large, vertical displacement can equal the mining height, h. In practice,
bulking and rotation of the subsiding overburden and the opening of bedding planes
result in vertical displacement at the surface being a fraction of the mining height.
This fraction is known as the subsidence factor, Vz/h. Figure 6 shows W/H ratio
plotted against Vz/h ratio for a number of international mining provinces.

Figure 6: Effect of Panel Width (W) and Depth of Mining (H) on the Magnitude of Surface
Subsidence, Vz9

9

Adapted from Whittaker and Reddish, 1989
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In a multiple mining panel layout, such as that associated with longwall mining, a
portion of the weight of the strata overlying the panels is transferred onto the pillars
between each panel. This extra load causes compression of the pillars and the strata
immediately above and beneath them, resulting in additional vertical displacement of
the surface. Pillar system compression increases as the pillar height, h, is increased
and as the pillar width, w, is reduced. That is, vertical displacement is also inversely
proportional to the pillar width to height ratio.
At relatively shallow depth, say of the order of 100m, up to 90% or more of the final
vertical displacement may occur at a point above a longwall panel within a few
months of it being undermined. However, as depth of mining increases, roof sag
above an extracted panel and compression of the pillar system can increase each time
a subsequent panel is extracted. This gives rise to additional vertical displacement,
referred to as incremental vertical displacement, which in turn, generates incremental
tilt and incremental strain.
Although there are a variety of approaches to predicting surface subsidence effects,
basically they are all premised on predicting the profile of vertical displacement, Vz.
Because tilt is the rate of change of vertical displacement, a tilt profile can then be
produced by mathematically differentiating the vertical displacement profile curve. In
turn, because curvature is the rate of change of tilt, a curvature profile can be
produced by differentiating the tilt profile. Engineering logic suggests that the strain
profile should be determined by the curvature profile, however, no precise
relationship between the two has yet been established. It is common practice,
therefore, to derive the strain profile by simply multiplying the curvature profile by a
fixed ‘calibration’ factor, which can vary from mine site to mine site. All points are
multiplied by the same factor irrespective of whether they fall within a tensile,
compressive or neutral zone.
This approach to predicting subsidence effects means that any error in predicting the
magnitude and distribution of vertical displacement will flow over to the prediction of
tilt, curvature and strain. Typically, if local data is already available for calibration
purposes, vertical displacement can be predicted to an order of accuracy of ±15%. In
turn, tilt magnitudes can be predicted to this order of magnitude, although their
distribution along the curve may be slightly offset to that predicted.
However, there can be a considerable degree of variability in strain behaviour, both in
terms of magnitude of strain and distribution of strain. This variability arises from
both the manner in which strain is calculated theoretically and from the manner in
which the ground surface responds to curvature in practice. Multiplying the curvature
profile by a fixed ‘calibration’ factor to compute strain is one source of computational
error. The Panel was presented with outcomes of recent research undertaken by
MSEC which show that, in practice, large localised compressive strains can develop
in regional tensile (hogging) zones whilst large localised tensile strains can develop in
regional compressive (sagging) zones, Figure 7. This behaviour is attributed to
localised ‘skin’ effects associated with factors such as cross bedding and buckling
failure of thin beds of strata10.
10

Further discussion is to be found in Section 3.10 of Appendix A of the EA and in answer to
Question 9 of Metropolitan Coal Project Responses to Planning Assessment Commission Queries,
24 February 2009.

22

Distribution of Observed Strain for
Sagging Curvature 5 km ~ 15 km
1.0

0.9

0.9

0.8

0.8

Proportion of Sample

Proportion of Sample

Distribution of Observed Strain for
Hogging Curvature 5 km ~ 15 km
1.0

0.7
0.6
0.5
0.4
0.3

0.7
0.6
0.5
0.4
0.3

0.2

0.2

0.1

0.1

0.0

0.0
-5 -4 -3 -2 -1 0 1 2 3
Observed Strain (mm/m)

4

5

-5 -4 -3 -2 -1 0 1 2 3
Observed Strain (mm/m)

4

5

Figure 7: Distribution of Ground Strains Measured in Locations of Hogging Curvature (Left) and
Sagging Curvature (Right)11

Predictions of tilt, slope, strain and curvature are usually presented in terms that
suggest that the associated ground responses are distributed uniformly over the
surface. For example, tensile strain may be predicted to be 1mm/m, which implies
1mm of ground extension over a distance of 1m. In practice, however, slope
sometimes changes in a step manner and strains can be concentrated at specific
locations. The nature of the surface material and the depth of mining have a
significant influence on the likelihood and expression of this behaviour. When strain
does concentrate at select locations, it usually results in strain relief in the adjacent
ground. A number of empirical relationships and statistical approaches exist for
estimating worst case, concentrated values of strain.
5.1.2.2.

Non-Conventional Surface Subsidence

Non-conventional surface subsidence refers to situations where subsidence behaviour
is dominated by site specific conditions. Four site specific conditions of particular
relevance to the EA for the Metropolitan Coal Project are steep topography, valleys
and gorges, far field horizontal displacements and geological structures.
In steep topography, gravity can result in high levels of ground movement in a
downhill direction. Hence, rather than being distributed over the mining area as
shown in Figure 5, tensile strain may accumulate towards the top of hill sides, where
it can result in one or more wide open surface cracks.
Some coalfields, including the Southern Coalfield of NSW, are characterised by high
horizontal stresses. Steep, incised topography which is typical of the Southern
Coalfield interrupts the transmission of horizontal stress, causing it to be redirected
from the hills and into the floor of valleys and gorges. This can lead to overstressing
of valley floors, with the near-surface rock strata uplifting under the effects of
bending and buckling. The valley is deepened which, in turn, causes an increase in
the horizontal stress redirected into the floor of the valley. This very slow, self
11

Source: Mine Subsidence Engineering Consultants in response to Panel request of HCPL
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perpetuating natural process is referred to as valley bulging. It can result in the
formation of voids beneath water courses, often in the form of open bedding planes
which may act as underground flow paths for groundwater and stream water. The
Panel observed many instances of this during its site visits to Metropolitan Colliery.
Mining causes further disruptions on a regional scale to this natural horizontal stress
system, resulting in two responses, namely:
•

Valley closure, whereby the two sides of a valley move horizontally towards
the valley centreline. Valley closure is not significantly influenced by the
orientation of the valley relative to the mining layout or to the goaf and can
develop outside of the angle of draw; and

•

Uplift of the valley floor due to valley bulging and buckling and shearing of
the valley floor and near surface strata. The difference between the amount of
vertical displacement that could have been anticipated in the absence of a
valley and that which eventuates is referred to as upsidence. In some
instances, upsidence can result in the final absolute level of a valley floor
being higher than that prior to mining.

Buckling and shear in the near-surface strata, which leads to upsidence, can generate
an extensive network of fractures and voids in the valley floor. Ground movements
due to conventional subsidence may also contribute to this network if the upsidence
occurs within the angle of draw of the mine workings. The formation of an upsidence
fracture network has been monitored in detail for a number of years at Waratah
Rivulet, overlying Metropolitan Colliery workings, using an array of surface and
subsurface instrumentation. This has revealed that the fracture network becomes
deeper with the passage of each longwall in its vicinity. Ultimately, the main fracture
network extends to a depth of about 12m and bed separation extends to a depth of
some 20m, as shown in Figure 8. Studies have also revealed that upsidence extends
some tens of metres beneath valley sides and does not necessarily follow the line of a
watercourse. Rather, it can cut across valley headlands and bends in a watercourse.
Standard survey techniques can be used to measure closure reasonably accurately.
However, they are prone to considerable error when applied to the measurement of
upsidence because survey stations are susceptible to spurious movements caused by
buckling of near surface strata. The SCI recommended that:
‘in understanding and predicting impacts on valleys and their rivers and
significant streams, coal mining companies should focus on the prediction of
valley closure in addition to local upsidence’.
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Figure 8: Upsidence Fracture Network Determined from Surface and Subsurface Monitoring at
Waratah Rivulet, Metropolitan Colliery12

This recommendation needs to be adopted in the framework of a site specific data
base since closure does not correlate directly with upsidence. For example, higher
valley closures have been measured in the Western Coalfield of NSW than in the
Southern Coalfield but associated upsidence has been considerably less than in the
Southern Coalfield. A difference in local geology may account for these different
responses.
In the last 20 years, mining induced, en-masse horizontal displacement of the surface
has been detected in the Southern Coalfield for up to several kilometres from the
limits of mining. The rate of decay of far field horizontal displacements has been
very low, resulting in negligible strain and no significant impacts.
Faults and dykes constitute most of the large scale geological features that affect the
development of subsidence in the Southern Coalfield. These constitute pre-existing
planes of weakness and so rock mass failure and displacement are more likely to be
associated with slippage along these features. They can also induce step changes in
the surface profile above mine workings.
5.1.3.

Application to Project Area

The preceding principles find a range of applications in assessing the EA for the
Metropolitan Coal Project since:
•
•
12

Ideal conditions associated with conventional subsidence do not exist at
Metropolitan Colliery.
The subject area underlies watercourses and a large reservoir, raising concerns
about direct hydraulic connections to mine workings.

Mills, 2008
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•
•

•
•

•
•

5.2.

Excavation width to depth ratio, W/H, and pillar width to height ratio, w/h,
have both been manipulated in mine design to assist in managing subsidence.
The width of the Metropolitan longwall is small by industry standards whilst
the depth is great. Hence W/H ratio is not typical for longwall mining. On a
panel basis, it resembles that associated with past pillar extraction operations
in the Southern Coalfield. However, past pillar extraction panels were not laid
out on such a regular or regionally extensive basis as the proposed longwall
panels at Metropolitan Colliery. Therefore, care has to be exercised in
extrapolating results from other Australian coalfields and other mines within
the Southern Coalfield and making impact comparisons.
Given the relatively great depth and low excavation width at Metropolitan
Colliery, subsidence effects will develop incrementally and not plateau above
a longwall panel until a number of additional panels have been extracted.
Some surface features are likely to experience concentrated strains rather than
uniformly distributed strains, whilst predicted strains may not eventuate at
other surface features.
Some surface areas are likely to experience a localised reversal in predicted
strain type.
Sections of the existing Metropolitan Colliery and the Project Area are prone
to unconventional subsidence effects, especially closure and upsidence.
METHODOLOGY FOR PREDICTING EFFECTS

Prediction of ground movement effects is primarily the domain of subsidence
engineers. There is a crossing over of disciplines when it comes to predicting impacts
and consequences arising from these effects. One of the recommendations of the SCI
was that environmental assessments should be subject to increased communication
between subsidence engineers and specialists in ecology, hydrology, geomorphology
etc in order to improve the way in which they address subsidence effects, impacts and
consequences. This section of the Panel report is focused on the reasonableness and
accuracy of the methodologies used in the EA to predict subsidence effects. It also
addresses, from a subsidence engineering perspective, some aspects of impact
prediction.
5.2.1.

Sub-surface Subsidence

Waratah Rivulet was first undermined by Longwall 9. This panel was 140m wide and
separated from adjacent longwalls by 35m wide interpanel pillars. Panel width was
increased to 163m at the start of Longwall 11, with interpanel pillar width remaining
unchanged. Longwall 12 was the last longwall to directly undermine Waratah
Rivulet. MSEC reports in Appendix A of the EA that the proposed Longwalls 20 to
44 have a general void width of 163m, but Longwalls 25 to 44 will be narrowed to
133m in width as they pass beneath the stored waters of the Woronora Reservoir13.
This zone was determined by a 35 degree angle of draw plus 0.5 times the depth of
cover from the edge of the full supply level for the reservoir. Furthermore, interpanel
pillar width has been increased from 40m to 70m within this zone. The proposed
13

Appendix A of the EA
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panel width is consistent with the recommendations of the Reynolds Inquiry but the
interpanel pillar width is less than recommended. The Panel has been advised by
HCPL that the proposed longwall panel layout is consistent with that which has come
to be generally adopted by the Dam Safety Committee (DSC) and, therefore, HCPL
has adopted it at this point in time to provide confidence to the bankability of the
project.
The Panel notes that all stakeholders appear to be in general agreement that the less
conservative mine layout utilised at Metropolitan Colliery to date still results in a
constrained zone between the mine workings and the surface. Given the geotechnical
knowledge base of today, the Panel suggests that there may be potential to move away
from the Reynolds recommendations further and modify the proposed mine layout to
offset coal sterilised for environmental reasons in other parts of the lease. In light of
the considerable depth of mining and the restricted panel width in the Project Area,
the Panel concludes that, in the absence of geological structures such as faults and
igneous intrusions (sills, dykes and diatremes), there is a very high probability that a
constrained zone will be associated with the mine layout proposed over the Project
Area, thereby preventing direct hydraulic connections between mine workings and
surface water bodies.
Geological structure provides the greatest potential for hydraulic connections between
surface waters and the mine workings. The EA relies on a review by Geosensing
Solutions (2008) of existing data prior to a focused field investigation of the surface
geological features relevant to the evaluation of the proposed western development of
Metropolitan Colliery. The review identified known and inferred geological
structures that may extend into the Project Area, including some which may extend
beneath stored waters. Diatremes, which occur in the Southern Coalfield and result in
enhanced surface to seam permeability, were not identified in the review. However,
Geosensing Solutions has noted that they can be difficult to locate. The Geosensing
Solutions review identified a need to increase borehole density, there currently being
only 15 exploration boreholes in the Project Area. It stated that the available
information suggested a lack of structural complexity in the Project Area. The review
concluded that Additional geological investigations will be required to be conducted
progressively in advance of mining operations to validate or otherwise the presence
of major faulting extending into the west Metropolitan area.
It is not practical or economic to undertake detailed exploration and geotechnical
assessment over an entire lease area ahead of any mining. Rather, these activities are
undertaken in a staged process as the mine expands and the mine layout is modified to
account for the mining conditions. The Panel is of the opinion that the EA has
addressed this matter to an adequate extent. The identification and avoidance of
geological structures which have potential in the future to provide a direct hydraulic
connection to surface and near surface water bodies is a matter for the various
regulatory agencies to address during the SMP process.
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5.2.2.

Surface Subsidence
5.2.2.1.

Conventional Subsidence

The prediction of conventional subsidence effects by MSEC has been based on the socalled Incremental Profile Method (IPM). The engineering principles that underpin
this methodology have been known for decades. Basically, they are:
•
•

Vertical displacement effects are additive.
A mathematical equation can be used to describe the characteristic shape, or
profile, of the vertical displacement associated with surface subsidence.

The IPM technique was developed by the principals of MSEC (Arthur Waddington
and Don Kay) by effectively ‘reverse engineering’ the subsidence prediction process.
The researchers utilised the large databases of subsidence information relating to the
Southern Coalfield and the Newcastle Coalfield of NSW to define a suite of
characteristic shapes (or profile functions) for each increment of vertical displacement
resulting from the successive extraction of mining panels14. The summation of these
increments produces the final vertical displacement profile. Tilt and curvature
profiles are derived by mathematically integrating the vertical displacement profile.
Strain profiles for the Metropolitan Coal Project have been produced by multiplying
curvature profiles by a factor of 15.
The IPM is an empirical technique and therefore its accuracy is dependent on it being
calibrated to a database that is representative of site specific conditions. It has
significant advantages over most other empirically based techniques because it
provides for evaluating how changes in any of the following parameters affect each
increment of vertical displacement and, hence, the shape of the final vertical
displacement profile from which all the other subsidence parameters are derived.
•
•
•
•

Mining height
Mining depth, which can vary due to changes in seam gradient or topography
Excavation width and length, and
Interpanel pillar (chain pillar) width

This results in final vertical displacement profiles that are quite sensitive to local
changes in the mining environment. Furthermore, it allows predictions to be made at
any point on the surface. These attributes are important in the case of Metropolitan
Colliery because the depth of mining varies considerably due to changes in
topography, the width and interpanel pillar width are also variable, and surface
features of interest are scattered throughout most of the mining area. Hence, the
prediction technique itself is considered appropriate.
When this technique was applied to Longwalls 1 to 14 at Metropolitan Colliery using
standard Southern Coalfield incremental subsidence curves, it significantly underpredicted the vertical displacement that has been measured over these longwalls.
14

A detailed description of the IPM method is available at http://www.minesubsidence.com
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MSEC28515 considers that the main reason for this variation is differences in the
geology of the immediate roof strata and strata layers within 150m of the seam roof at
Metropolitan Colliery. MSEC285 presents supporting evidence that is plausible but,
nevertheless, unverified.
MSEC285 has tested two methods for manipulating the Southern Coalfield
incremental curves so as to produce results that better reflect measured outcomes at
Metropolitan Colliery. It concluded that the method which attempted to simulate
weaker chain pillars by making them narrower than in practice produced more
consistent results for incremental and total vertical displacement profiles. The
calibration approach reported in MSEC285 has to some extent a mechanistic basis,
albeit that there are other possible mechanisms that could account for the increased
vertical displacement at Metropolitan Colliery.
Nevertheless, provided that site conditions associated with Longwalls 20 to 44 are
similar to those associated with Longwalls 1 to 14, it is not essential that the correct
mechanism be identified because the MSEC approach to subsidence prediction is
empirically based. It only matters that the prediction technique is applied to a similar
set of conditions for which it was derived empirically. In this regard, MSEC285 does
report some difference in site conditions over Longwalls 20 to 44 in respect of a
thinning of the shale rock stratum believed responsible for the modified behaviour.
MSEC285 states that this should only increase the conservatism of the subsidence
predictions since MSEC has continued to apply the same calibration factor it back
calculated for the thicker shale stratum over Longwalls 1 to 14.
This conclusion is valid only if MSEC285 has correctly identified the cause for the
increased vertical displacement at Metropolitan Colliery. Numerical modelling is
warranted to gain better insight into the mechanisms that account for this behaviour
and an improved level of confidence in subsidence predictions. It is recommended
that approval conditions incorporate a requirement for numerical modelling should
measured maximum vertical displacement exceed that predicted by more than 15% at
any time after mining has progressed beyond the half way mark in Longwall 21, or if
the distribution profile of vertical displacement does not reflect predictions16.
A lateral shift in the profile of vertical displacement and its flow-on effects is one of a
number of factors that MSEC285 has taken into account when assessing subsidence
effects at isolated features17. This has been achieved by basing assessments at these
features upon the highest values of vertical displacement, subsidence, tilt, curvature
and strain within a radius of 20 metres of each feature, rather than the values at the
point. The Panel considers this an appropriate approach.
Figure MSEC-818 has been reproduced in this report as Figure 9. It shows a
comparison of measured versus predicted vertical displacement and strains over
15

Appendix A of the EA for the Metropolitan Coal Project
This action need not be initiated before extraction of the second longwall in the new series because
extraction of Longwall 20, being the first panel in the series, may not produce sufficient vertical
displacement to enable the accuracy of predictions to be assessed adequately. See Section 4.2 of
MSEC285, Appendix A, for further discussion.
17
Page 48, Section 3.10
18
Responses to Planning Assessment Commission Queries. 24 February 2009
16
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Figure 9: Comparison of Predicted Total Systematic Subsidence, Tilt and Strain with Observations
along D Line over Longwall 4 to Longwall 14

In general, the correlation between predicted and measured strain is poor, particularly
over Longwalls 8 to 12. This is not surprising since the conventional subsidence
behaviour only constitutes one component of total strain. Upsidence also contributes
a component of strain in valley floors and this is likely to be considerably greater than
the conventional component. Nevertheless, Figure 9 shows that the correlation
between predicted and measured strains is also poor in areas remote from valley
floors. Another important factor that needs to be taken into consideration, especially
when assessing subsidence impacts and consequences, is that strains are not
necessarily uniformly distributed in accordance with theoretical predictions. For
example, a predicted tensile strain of 1mm/m may eventuate in the field as a 5mm
wide crack every 5m, or a 10mm wide crack every 10m. MSEC285 reports that a
joint spacing of 10m is not unusual in the type of strata that overlies the proposed
30

longwalls and, therefore, the maximum predicted (conventional) tensile strain of
1.7mm/m over the Project Area could result in fractures at the joints being as wide as
17mm19. Furthermore, due to the influence of gravity, strains are less likely to be
distributed uniformly in steep topography. These factors contribute to measured
strain profiles taking on a ‘spiky’ appearance of the form shown in Figure 9.
MSEC285 has provided a number of other factors which also contribute to this
outcome20.
These limitations are associated with all subsidence prediction
methodologies.
In summary, the methodology utilised by MSEC to predict the conventional
component of subsidence is considered appropriate. Subject to site conditions in the
Project Area being similar to those over Longwalls 4 to 14, the methodology can be
anticipated to produce reasonably accurate predictions of vertical displacement and
tilt. An assessment of the accuracy of strain predictions is not possible since
conventional subsidence behaviour is only one contributor to strain development.
However, once fracturing is initiated, strains (tensile or compressive) are unlikely to
be uniformly distributed in accordance with theoretical calculations. Rather, they will
concentrate at the fracture planes. The sensitivity of features to the form (tensile or
compressive) and possible location, spacing, width and depth of these fractures need
to be considered on a feature specific basis when predicting subsidence impacts and
consequences.
5.2.2.2.

Non Conventional Subsidence

The phenomena of valley upsidence, closure and far field horizontal movements have
only come to be recognised in the last 15 to 20 years as a result of ground behaviour
observations in the Southern Coalfield of NSW. Arthur Waddington and Don Kay,
the principals of MSEC, have undertaken much of the industry funded research in this
area, supported by physical and numerical modelling conducted by the School of
Mining Engineering at the University of New South Wales and others. The
theoretical knowledge base to fully explain this behaviour is still evolving. In the
interim, predictions of upsidence and closure are most often based on the database and
methodology developed from coal industry funded research undertaken by MSEC
(Waddington and Kay, 2004) and upon which their predictions for Longwalls 20 to 44
have been based.
The MSEC prediction methodology is based on a profile of equivalent valley height,
which is calculated by multiplying the measured overall valley depth by a factor
which is intended to reflect the shape of the valley. The overall valley height is based
on an assessment of terrain across the valley within a radius of half the depth of cover.
The factor varies from 1.0 for steeply sided valleys in flat terrain, to less than 0.5 for
valleys of flatter profile in undulating terrain. MSEC285 reports that an equivalent
valley height factor of 1.0 was conservatively adopted for the Waratah Rivulet.
The resulting upsidence and closure predictions have then been added to plots of the
Southern Coalfield database of predicted versus observed closure and upsidence in
Figure 3.15 and Figure 3.16 of MSEC285, reproduced in this report as Figure 10.
MSEC’s prediction methodology is based on applying Upper Bound Prediction
19
20

Section 5.31.1 of MSEC285, Appendix A
Section 3.10 of MSEC285, Appendix A
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Curves to observed closure and upsidence as shown in Figures 3.21 to 3.24 of
MSEC285 and reproduced in part in Figure 11 of this report. This introduces an
additional level of conservatism into MSEC’s predictions of closure and upsidence.
As such, this approach to predicting upsidence and closure effects is conservative and
really represents one of ‘restricting’ upsidence and closure to the worst case, rather
than ‘predicting’ actual outcomes.

Comparison of Predicted and Observed Upsidence

Comparison of Predicted and Observed Closure
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The poor agreement between predicted and measured outcomes, Figure 10, and the
range in measured outcomes at any given position relative to a longwall panel, Figure
11, is to be expected because there are many factors that the prediction methodology
does not yet take into account. These include:

21
22

•

that component of closure due to conventional subsidence;

•

the magnitude and direction of the in situ horizontal stress field;

Source: Figure 3.15 and Figure 3.16 of MSEC285, Appendix A
Source: Figure 3.23 and Figure 3.24 of MSEC285, Appendix A
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•

the composition and fabric of the rock mass subjected to closure and
upsidence.

Figure 10 shows that due to the conservative nature of the current MSEC approach to
predicting closure and upsidence, observed upsidence and closure movements are
generally less than MSEC predicted values. Specifically in the case of Metropolitan
Colliery, observed upsidence and closure movements are mostly less than 70% of the
predicted values.
However, this approach to predicting upsidence and closure effects does not translate
to a conservative approach when predicting upsidence and closure impacts. This is
because there is a ‘disconnect’ between the methodology used to predict effects and
that used to predict impacts. Usually, impact categories would be assigned to
measured effects. Although it is well established that the vertical and lateral extent of
upsidence fracture networks increase with the level of upsidence, which in turn
increases with the level of closure, impact categories have yet to be assigned to
measured closure or upsidence effects. This is challenging because:
•

Upsidence does not correlate well with closure. This is due to factors such as
difficulties in measuring upsidence accurately (for reasons noted earlier) and
to different amounts of upsidence being induced by the same amounts of
closure, depending on rock type (sandstone, shale, claystone etc).

•

Different levels of impact can be associated with the same level of upsidence,
depending primarily on local rock type, rock fabric and structure (massive,
laminated, cross bedded, jointed etc) and the orientation of the structure
relative to the direction of valley closure.

•

In the case of some features, some high consequence impacts occur at very
low effect magnitudes. Further increases in the magnitude of an effect do not
result in an incremental increase in the magnitude of the impact and its
consequences, albeit that they might increase other impacts and consequences.
This is particularly so in the case of watercourses controlled by rock bars.
Upsidence of the order of 60mm due to extraction of Longwall 11 (measured
reasonably accurately with a range of surface and subsurface instrumentation)
was sufficient to result in water ceasing to flow over WRS3 rock bar on the
Waratah Rivulet and for the water level in the pond behind the rock bar to
drop to very low levels in periods of low natural flow (Galvin, 2005).
Extraction of subsequent longwalls, resulting in over 250mm of upsidence, did
not change this situation but it did extend the density and lateral and vertical
extent of fracture surfaces, thereby increasing the level of impact on aesthetics
and water quality.

The impact assessment presented in the EA and expanded upon in response to Panel
inquiries attempts to deal with these limitations by premising impact assessment on a
threshold value of predicted closure, not measured values of closure. MSEC285
reports that:
A criteria to assess the potential for increased rockbar leakage (ie. In excess
of normal natural leakage) was determined for this minimisation assessment.
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A target criteria of 200 mm maximum total closure was developed based on
reviews of previously observed impacts along Waratah Rivulet due to
previously mined Longwalls 1 to 14 and experience from other mines in the
Southern Coalfield. The criteria or relationships that were established were
based in the levels of predicted closure at the time of the onset of observed
impacts at each rockbar along the Waratah Rivulet.
Figures C.17 to C.23 of MSEC285 show predicted closures back calculated at the date
of first impact ranged from 200mm to about 700mm. The Panel is aware from
submissions relating to other operations in the Southern Coalfields that occasional
‘minor’ streambed fracturing and iron staining have been recorded where predictions
of closure have yielded values of 200mm or less, albeit that fracturing has not affected
the integrity of rock bars.
The approach of basing impact assessment on predicted values of closure rather than
measured means that conservatism in the MSEC prediction methodology has already
been taken into account when associating levels of observed impact with predicted
closure movements. Because the 200mm closure limit is an outcome of a prediction
methodology that is under development, it is subject to change as the prediction
methodology evolves.
Given that conventional subsidence effects are greater in the Project Area than
recorded elsewhere in the Southern Coalfield, the Panel questioned if closure and
upsidence behaviour should conform to past Southern Coalfield experience. It was
advised that:
The observed valley related upsidence and closure values at Metropolitan
Colliery fit within the data set used for prediction of upsidence and closure
and were therefore not considered to be elevated, nor require model
calibration.23
The Panel accepts this but in so doing, notes that it was also advised that:
At this stage, MSEC considers that the most reliable way of assessing the
relationship between impact and closure is to consider all closure data as
predicted values. There is some probability, regardless of the approach, that
potential impacts could occur at predicted closure values less than the
minimum predicted total closure of 200mm that has been identified to date24.
The Panel notes that the perimeter of the offsets for the Waratah Rivulet associated
with the predicted 200mm closure option, Drawing No: MSEC285-R10125, closely
correspond to the boundaries of a RMZ for such a feature as defined by the SCI (a 40°
angle from the vertical down to the coal seam or 400m lateral distance from the edge
of the feature, whichever is the greater). This is consistent with the objectives of the
SCI that careful and particular consideration should be given to the level of tolerable
impacts within this zone. It does not imply that longwall mining is not permissible
within the RMZ. MSEC285 notes that visible movement of WRS3 was only first
23

Responses to Planning Assessment Commission Queries. Question 17. 24 February 2009
Responses to Planning Assessment Commission Queries. Question 16. 24 February 2009
25
Responses to Planning Assessment Commission Queries. Question 7. 24 February 2009
24
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recorded when the nearest edge of Longwall 10 was 295m to the side of the rockbar.
A review undertaken by Galvin (2005) reported that at the completion of
Longwall 10, this fracturing was confined to a small area and instrumentation and
observations indicated that it had no perceptible impacts on water level. MSEC285
also reports that ‘minor fracturing’ has occurred in the bedrock of Waratah Rivulet up
to approximately 110m from the finishing end of Longwall 12. The 40°/400m criteria
are intended to define a zone requiring a higher level of analysis and assessment.
Subject to the outcomes of this assessment, mining may be restricted to varying
degrees within the RMZ.
The EA for the Metropolitan Coal Project has not progressed to the stage of
identifying a RMZ around any significant natural feature. This is understandable
given that the bulk of the EA was prepared prior to the release of the SCI findings.
However, definition of RMZs should be an obligatory requirement in all future coal
related EAs. In this respect, the Panel reinforces the findings of the SCI that there is a
need for government to provide guidelines on what constitutes a ‘significant natural
feature’. The features suggested by the SCI Panel in this regard have already been
noted in Section 3.2.3.
The ‘disconnect’ between the prediction of effects and of impacts related to closure
and upsidence warrants further research. In response to the findings of the SCI, the
Australian Coal Association Research Program (ACARP) has recently awarded
funding of $500,000 to MSEC to undertake further research in this regard26. The
Panel considers that in the interim, if the Metropolitan Coal Project proceeds,
approval conditions should have a specific focus on the monitoring of upsidence and
closure impacts and the mine plan must be capable of modification to manage these
impacts within predetermined levels.
Geological structures and anomalies are other aspects of non-conventional subsidence
that need to be considered. As already noted Geosensing Solutions (2008) has
documented a number of identified and inferred geological structures in the Project
Area and identified a need for further geological investigations to be conducted
progressively ahead of mining operations. MSEC285 reports that:
It is possible that anomalous movements could occur as a result of the
extraction of the proposed longwalls. .....Given the relatively low density of
surface features within the Study Area, the probability of an anomalous
movement coinciding with a surface feature is assessed as low.
The EA refers the reader to documentation on the MSEC website for further
information. This topic warranted further discussion in the EA. Suffice to state that
in the circumstances pertaining to the Metropolitan Coal Project (deep workings and
narrow panels), the presence of geological structures and anomalies can usually be
detected from subsidence survey results well ahead of mining, when effect
magnitudes are still too low to result in impacts. However, timely detection depends
on survey stations being close spaced (typically, ≤ 20m) throughout the site. Since it

26

Effects of Geology on Closure and Upsidence Movements and Impacts in Valleys. ACARP Project
C18015
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is not feasible to have such full survey coverage of the Project Area, some geological
structures and anomalies may not be detected in a timely manner, if at all.
5.2.2.3.

Other Points of Note

MSEC285 presents contours over the entire Project Area of cumulative vertical
displacement due to conventional subsidence behaviour. However, only select cross
sections have been provided of net vertical displacement, being the final outcome
when vertical displacement due to upsidence is also taken in to account. The Panel
requested this additional information but was informed that it was too difficult to
prepare. The Panel concurs to some extent but is not satisfied with the extent of
information initially provided because it does not contain net vertical displacement
profiles along the Eastern Tributary and some watercourses associated with swamps.
MSEC285 reports that predictions of valley related upsidence and closure movements
were made for a number of headwater swamps located in drainage lines with the
steepest valley profiles. However, it only reports that the maximum predicted total
closure strain is 8.9mm/m, which occurs at Swamp S20. The Panel addressed this
matter through supplementary questions of the Proponent. It is an area for
improvement in future EAs.
5.3.

MANAGEMENT OF EFFECTS AND IMPACTS

5.3.1.

Generally

Consistent with risk management principles, there are three options for dealing with
risk associated with subsidence impacts, namely:
•
•
•

Eliminate
Mitigate
Tolerate

Adaptive management and remediation can find application across all three options.
Adaptive management is concerned with monitoring subsidence impacts and effects
and, based on these outcomes, modifying the mining plan as mining proceeds so as to
maintain effects, impacts and/or consequences within predicted or designated ranges.
This can involve actions such as reducing the extent of mining within a panel, altering
mining height, or changing the dimensions of subsequent panels based on early
warning signs of deviation from planned outcomes.
Remediation refers to the activities associated with partially or fully repairing or
rehabilitating impacts and, as such, is a measure for controlling the consequences of
an impact.
Elimination of subsidence impacts is achieved by prohibiting mining within a zone of
influence of the feature to be protected. This zone is usually defined by an angle
measured between two lines drawn from the edge of the mine workings, one a vertical
line and the other a line drawn out over unmined coal to the outer boundary of the
feature to be protected. This effectively defines an angle of draw that is based on
achieving zero vertical displacement beneath the structure. Greater certainty against
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impacts can be achieved by incorporating a buffer zone around the feature and
measuring the angle of draw from the outer boundary of this buffer zone. For
example, in the case of a dam wall, Justice Reynolds recommended that no mining be
permitted within a zone defined by a 35° angle of draw taken from a line on the
surface 200m from the edge of a dam structure.
Mitigation involves measures undertaken to reduce the impacts of subsidence on
features. Four common options are:
1. Restriction of ground movement: The magnitude of ground movement can be
controlled by restricting mining height and/or restricting excavation width
and/or increasing the width of pillars between panels. Mining layouts in
which percentage extraction is restricted for the purpose of controlling
subsidence are referred to in general as partial extraction mining systems.
This is achieved by restricting the width of individual panels and separating
panels by pillars of sufficient width so as to limit interaction between the
panels. The mining layout proposed in the Metropolitan Coal Project
effectively qualifies as a partial extraction layout, especially within the DSC
Notification Area for Woronora Reservoir. Ground movement at the site of a
feature may also be restricted by designing the mine layout so as to position
the feature in a specific part of the subsidence trough. This measure is not
usually feasible where the natural feature extends over a considerable distance
or meanders.
2. Isolation of ground movement: This involves isolating a feature from ground
strains and shear displacements. Measures which are employed include
uncovering buried structures (such as pipelines) and constructing slots at
strategic locations adjacent to a feature, with the intention that ground strain
will concentrate at the slots. The success of slots is dependent on a number of
factors including selecting the correct locations and directions for the slots,
having access to these sites, and constructing the slots a sufficient time in
advance of mining. The slots may be cut mechanically or formed by drilling a
pattern of closely spaced, large diameter drill holes. This control measure is
still in a development stage and is generally considered to be an expensive
option. It was trialed at Waratah Rivulet but the full array of slot holes could
not be drilled in the allocated time frame. However, it has shown promising
results in the limited number of cases where it has been employed (eg at
Marnhyes Hole on the Georges River).
3. Maintenance responses: This involves measures which aim to maintain the
physical state and function of a feature, albeit that it may be impacted by
subsidence during the mining process. Examples include increasing flow
volume in a fractured section of a watercourse in order to maintain surface
flow at pre-mining levels, and installing support in overhangs and cliff faces
prior to undermining.
4. Preservation responses: Archaeological artefacts which may be at risk from
mine subsidence may be removed on a temporary or permanent basis prior to
undermining, or logged and recorded in a visual format for posterity.
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Toleration of subsidence impacts usually requires that no action be taken to control or
remediate the impacts. This practice is common in very deep mines (because
subsidence effects are restricted and dissipate gradually over a large area) and at
locations that have no significant sub-surface and surface features.
There are a variety of remediation options available to respond to subsidence impacts.
These include backfilling and/or grouting of cracks and fracture networks,
stabilisation of slopes and drainage and erosion control measures. Fractures may also
infill naturally in watercourses that have a moderate to high sediment load; otherwise
they may have to be grouted.
Grout can be either cement-based or composed of various plastics or resins (e.g.
polyurethane) and is injected under pressure into fracture networks. The degree of
success of grouting is dependent on the accessibility of the site, on the type of
grouting materials which are used and on timing.
In the case of watercourses, it is not yet feasible to remediate an entire upsidence
fracture network. Hence, remediation efforts in the Southern Coalfield have to date
focused on sealing the fracture network at strategic locations, such as rock bars. At
these sites, the fracture network can extend some distance laterally under the toe of
valleys and be overlain by talus. It can also be covered by boulder beds within
watercourses. These types of settings restrict access for grout injection equipment. If
the site of fracturing is affected by a number of mining panels, several episodes of
grouting may be required over a number of years. In the interim, mitigation measures
are required to sustain surface water flows if the local ecology is not to be impacted.
Some types of grouting agents used for sealing similar types of fracture networks in
other civil and mining environments have not been permitted in the Southern
Coalfield to date because of concerns regarding pollution of water supplies. Until
recently, the SCA had not permitted any form of grout to be used within its Special
Areas. Consequently, in sections of the Waratah Rivulet, unconsolidated sand has
been used to fill cracks within the river bed. Unfortunately, this material sediment
quickly washed out of the cracks during high flow events and now can be found
downstream within various pools in the watercourse.
The SCI Panel reported that it was not aware of any attempts to remediate fracture
networks beneath swamps. However, current grouting techniques did not appear
suitable for this purpose. The SCI Panel was also not aware of any remediation
having been undertaken to date of mining induced cracks in cliffs and overhangs. It
concluded that the remediation of subsidence impacts on natural features was in its
infancy and, consequently, the level of risk currently associated with the successful
remediation of natural features ranked as medium to high. It identified a number of
aspects that warranted more detailed consideration and research in order to reduce this
level of risk.
In respect of the ability of some natural systems to ‘self heal’ following subsidence
impacts, the SCI Panel was of the opinion that the measure and rate of natural
remediation of watercourses depends on the extent of damage and the type of
watercourse. It concluded that due to its relatively steep gradient, the Waratah
Rivulet may be expected to show a much slower rate of natural remediation.
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The SCI Panel was also of the view that whilst rock falls from cliff faces may have
substantial aesthetic impacts when the freshly-broken rock is first exposed, most rock
falls have limited ecological impacts and biological processes (the growth of lichens,
mosses, undergrowth and trees) can be considered to ameliorate the visual impacts at
a relatively rapid rate (over a matter of years and decades). It also concluded that the
extent of self healing of fracture networks beneath swamps and the degree to which
the ecological functioning of deeply scoured swamps can be restored through natural
processes is unknown.
5.3.2.

Waratah Rivulet

The Panel inspected the site of remediation trials involving polyurethane injection at
WRS4 rock bar on the Waratah Rivulet. It concludes that this technology has a high
potential for effectively sealing a fracture network but still requires further
development. The Panel notes that:
•

A 100% seal has yet to be achieved. The upper 0.5m of strata at WRS4 was
still leaking at the time of the inspection. This may have been the result of
ongoing subsidence rather than a failure of the product to create an effective
seal.

•

Polyurethane injection also penetrates natural sub-surface flow networks and
so may not fully restore the natural environment.

•

The technique has only been applied to one rock bar so far and is yet to be
evaluated for sealing other types of fractured landscapes e.g. cascades, boulder
beds.

•

WRS4 had had only one application of the product so far. It is yet to be
demonstrated that the technology is effective in sealing multiple upsidence
episodes.

•

The durability of the product is not proven. It had the appearance of having
undergone shrinkage at some injected cracks observed during the inspections.

•

The technique is yet to be evaluated for restoring surface flows to unfractured
rock bars that lose surface flow due to diversion of water into upsidence
network upstream and offset to the bar.

5.3.3.

Prediction of Subsidence Impacts

MSEC285 states on numerous occasions when assessing impacts on specific features
that:
If the predicted strains were increased by factors of up to 2 times, the potential
for (some impact e.g. cliff instabilities) would increase accordingly.
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The Panel requested the Proponent to quantify ‘accordingly’. It was advised that:
It is difficult to quantify the increase in impact that would result from an
increase in predicted strain, largely because there is limited data available for
calibration of the required information and the degree of variability that
occurs in the natural environment.
The situation is unchanged from that reported by the SCI, that is, that the prediction of
impacts and consequences:
have generally been qualitative in nature. Consequently, it has been difficult
for agencies to establish whether impacts were greater or less than predicted.
The challenge for the mining industry and its consultants over the next few
years will be to move to a new generation of predictive capacity which is
essentially quantitative in nature.
The Panel reinforces this recommendation of the SCI but also notes an alternative
approach; that is, to simply specify the outcomes required in relation to natural
features, with the Proponent having responsibility for satisfying the Consent
Authority and the regulators that the Proponent’s proposed strategies will achieve
these outcomes. The Panel is of the view that this will drive quantitative assessment
and encourage research and development of more reliable quantitative prediction
techniques.
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6.0

SCI REFINEMENTS AND ENHANCEMENTS

6.1.

INTRODUCTION

The recommendations of the SCI have not been applied to the Part 3A approval
process before and the Panel has identified a number of areas where the
recommendations and their practical application could be refined or enhanced. Two
of the more important relate to the concepts of Risk Management Zones (RMZs) and
Reverse Onus of Proof.
6.2.

RISK MANAGEMENT ZONES

The Panel has given careful consideration to the possible use of the RMZ concept in
its review of the current proposal and recommends that it be incorporated into a
broader risk framework that includes:
•
•
•
•
•
•
•

Identifying natural features likely to be at risk of negative environmental
consequences from subsidence impacts;
Assessing the potential risk to those features from the mining proposal;
Identifying the options for dealing with any significant risk;
Determining which of these options will form part of the management plan;
Monitoring the subsidence impacts, consequences for the feature, and
outcomes from the management strategies;
Contingency options and planning to deal with exceedances; and
Auditing of the risk management process.

The following steps are suggested as a means of ensuring that adequate relevant
information is available to the decision maker. They should also assist the Proponent
and the regulators to focus their attention early on key issues for preparation of
proposals and the identification of problems.
Step 1.

Step 2.

Identify the mine characteristics and types of subsidence impacts likely
to be experienced in the Project Area. Mine characteristics include
depth, geology, mining method, mining height, mine layout and
percentage extraction.
Identify significant natural features that might be at risk from the
subsidence impacts that could be expected from the proposal. In the
case of the Southern Coalfield, a checklist of features that require
consideration could be developed based on the SCI Report. It should
include at least rivers and significant streams, upland swamps,
endangered ecological communities, threatened species habitat, major
cliff lines and Aboriginal Heritage. A full description of these features
is required, including any characteristics that may be relevant in
assessing potential subsidence-related impacts and consequences for
the feature or parts of the feature.
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Step 3.

Assess any features identified in Step 2 that warrant special
significance status27 in any proposed risk management plan.
Using the criteria set out in the SCI Report for deriving RMZ
boundaries, draw a Risk Management Zone around those features from
Step 2 and Step 3 and assess the risk to the feature (or relevant part of
the feature)28, and
Proposed risk management plans will be required:
- For those features of special significance identified in Step 3 where a
risk of impact is a real possibility29.
- For those features identified in Step 2 where a risk of significant
impact is a real possibility30.

Step 4.

Step 5.

Risk management plans should identify:
(i)

(ii)
(iii)
(iv)

(v)
(vi)

the options for managing the risk based on one or a combination of
avoidance, mitigation, remediation or tolerance and taking account
of any assessment of special significance of the feature;
where relevant, the potential costs of those options;
a preferred option;
where relevant, a monitoring regime that will detect impact,
measure actual impact against predicted impact and measure the
effectiveness of the management strategies adopted;
contingency plans for dealing with the situation where actual
impact exceeds predicted impact; and
auditing of the implementation and effectiveness of the risk
management plan.

In an ideal world Step 5 would be based on an assessment of whether negative
consequences were likely for the feature based on predicted effects and impacts.
However, the relationship between consequences and impact is not well defined and
Step 5 is therefore based on impacts at this point in time.
The objective in following these steps would be to have completed Steps 1 to 3 as part
of the preparation of the initial Project Application. These steps should inform the
early mine planning work and also discussions between the Proponent, regulators and
stakeholders.

27

‘Special Significance Status’ is based on an assessment of a natural feature that determines the
feature to be so special that it warrants a level of consideration (and possibly protection) well beyond
that accorded to others of its kind. It may be based on a rigorous assessment of scientific importance,
archaeological and cultural importance, uniqueness, meeting a statutory threshold or some other
identifiable value or combination of values.
28
The Panel notes that it would be desirable to develop a two-stage risk assessment process for Step 4
to ensure that those features from steps 2 and 3 that are unlikely to meet the risk and impact thresholds
in Step 5 are not required to undergo a stage 2 detailed risk assessment.
29
‘Real Possibility’ in this context means that the risk of occurrence needs to be more than remote, but
no so high as to require a finding of ‘more likely than not’. A risk of occurrence of between 5 and 15
percent is probably an appropriate starting point for consideration.
30
A lower level of acceptable impact will apply to features of special significance and the threshold for
requiring preparation of a risk management plan will therefore also be lower.
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Steps 4 and 5 are designed to provide a more refined analysis based on the possible
mining parameters. They are dependent on detailed predictions of subsidence impacts
for the features in question and where possible, an assessment of the potential
consequences of those impacts. These steps form the core of the risk assessments and
management options required in the EA.
Where appropriate, the Panel has used this approach to fulfill its charter under ToR 1.
The Panel notes that the approach may be applicable to other mining proposals in the
Southern Coalfield and, with appropriate adjustments to the parameters, to mining
proposals in other areas of NSW.
6.3.

REVERSE ONUS OF PROOF

As drafted in the SCI report (see Point 5 in Section 3.2.3, Page 9 of this report) the
concept contains two major qualifying expressions, namely ‘unacceptably impact’
and ‘highly-significant’. Both of these require subjective judgements given the
current state of knowledge about the relationship between predicted subsidence
impacts and observed consequences for natural features and the lack of capacity to
quantify significance.
The concept also uses the legal standard of ‘balance of probabilities’ as the single
standard to which the Proponent must prove its case. This is simply the legal
expression of ‘more likely than not’ or ‘51%:49%’ and, as such, may be suited to
some kinds of risks and not others. For example, if the risk is decreased yield to the
Woronora Reservoir then a higher level of assurance might be required from the
Proponent than, say, a possibility that the hydrology might be altered in part of a
single swamp.
The single standard may also not be suited to some ‘highly-significant’ natural
features where there needs to be much greater assurance of no negative consequences,
particularly where the response of the feature to increasing subsidence impacts is
stepped rather than linear.
A number of submitters, including two government agencies, attempted to turn the
concept into a requirement for a Proponent to prove beyond reasonable doubt that no
consequences would occur if undermining of the feature was approved. Given the
knowledge gaps in the relationships between subsidence impacts and consequences
for natural features, and the poor databases for many key features in the region, this
would effectively put the Proponent in the position of trying to prove the unprovable.
The Panel’s view is that the concept is not useful in its current form. It should be
replaced by a single requirement that the Proponent demonstrate the reasonableness
(or overall merit) of its proposals in relation to the natural features that may be
exposed to subsidence impacts. The decision-maker can then assess reasonableness
(or merit) in the context of the importance of the feature, the predicted risk and any
management options for that risk and the benefits to be gained from the mining
proposal.
Guidance to the Proponent can be drawn from the general principles for assessment of
risk in Section 6.2 of this report and the application of these principles for upland
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swamps later in Section 9.4. The Director-General’s requirements for the Project may
contain additional specific direction or guidance.
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7.0

SURFACE WATER IMPACTS AND CONSEQUENCES

7.1.

INTRODUCTION

The Panel’s review of the EA and subsequent submissions has confirmed the view
reported in the SCI that potential impacts on surface water resources and on the
condition of waterways in the Project Area demand careful appraisal.
Issues related to surface water have been grouped under three headings as follows:
•

Catchment yield. The possibility that the quality and quantity of water
reaching Woronora Reservoir may be reduced as the consequence of
subsidence-induced cracking in the waterways and catchment.

•

Stream health. The possibility that cracking in stream beds may have adverse
consequences for ecological and aesthetic condition of waterways mainly
through loss of surface flow and reduced water quality.

•

Site water management. The effectiveness of measures to ensure that off site
impacts from process water and runoff at the coal processing and loading
facility are appropriately managed.

This Section addresses the first two of these issues. The third issue is considered in
Section 13.0.
7.2.
7.2.1.

IMPACTS ON CATCHMENTS AND WATERWAYS
Overview of Impacts and Consequences

The predicted subsidence effects described in detail in the EA and reviewed in
Section 5.0 of this report are expected to lead to surface cracking in the catchment and
its waterways.
Broadly across the catchment, the impact of conventional subsidence manifests at the
surface as relatively shallow and spatially variable fractures which are expected to
have limited, if any, hydraulic connectivity and are unlikely to be hydraulically
connected to other permeable subsurface layers.
Along the valley floors of the region, subsidence generates more intense impacts, as
the horizontal movement within and between rock strata can result in areas of
extensive uplift and fracturing. As well as the direct visual and structural impact, an
important consequence of fracturing and uplift in the bed of the waterway is that
water is lost from the surface and flows through fracture networks that develop within
the rock strata. As a consequence, during low flow periods, some sections of
waterway may dry out and pools may drain. Where water that is flowing through new
cracks and fissures reappears at the surface, it can contain elevated levels of dissolved
iron, manganese and aluminium. Dissolved iron may precipitate forming flocs,
discolouring water in pools and staining rock surfaces.
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7.2.2.

Impacts on Waratah Rivulet

The Proponent acknowledges that the Proposed Project would induce fracturing and
uplift in the bed of Waratah Rivulet above the longwall panels. The reach of the
Rivulet that would be directly affected extends for approximately 2.25 km upstream
from the full supply level of Woronora Reservoir, to overlap the area already
impacted by mining. The Proponent predicts that the nature and extent of the impact
(and its consequences) will be similar to that already observed in the Rivulet in the
mined area upstream of Flat Rock Crossing, but less severe.
Detailed mapping and logging of the density and spatial variability of existing
subsidence impacts in Waratah Rivulet, possibly correlated with characteristics of the
rock strata in the bed, may have allowed extrapolation to the likely nature and extent
of impacts in the Project Area but has not been reported in the EA31. Instead the
Panel has had to rely on qualitative reporting from the EA, the SCI Report,
submissions and its own observations.
The impact from existing mining upstream of Flat Rock Crossing is variable both in
space and in time. Some sections of creek exhibit dense patterns of fracturing and
uplift, while in other sections no impact is visible. No method to predict the spatial
frequency of impact has been presented. Additionally, it is reported that fracturing
does not occur as a single distinct event but it develops over time: fracturing may be
initiated while mining is still some distance from a site and may continue to develop
until mining has progressed several hundred metres past the site. Mining of adjacent
panels may reactivate fracturing.
In acknowledging the imprecise nature of the predictive tools available, the Panel has
used the nature and extent of the impact already observed on the upstream reach of
the rivulet from Flat Rock Crossing as an indicator of the likely nature and extent of
impacts of the proposed project on the reach from Flat Rock Crossing downstream to
the Woronora Reservoir.
7.2.3.

Impacts on Other Watercourses

The Proponent acknowledges that impacts similar in nature to those described above
may occur in other watercourses in the Project Area32 and has specifically assessed
four streams33. Whilst the nature of impacts will be similar across watercourses
subject to subsidence (particularly non conventional subsidence), the severity and
extent is likely to be different to that experienced at Waratah Rivulet. Impacts in these
other watercourses are expected to be less significant overall because:
•

The impacts will vary in scale commensurate with the scale of the
watercourse.

31

Note: This is understandable because the mining proposal put forward in the EA, is not premised on
controlling impacts and consequences to defined levels
32
EA Appendix C, Section 7.4
33
EA Appendix A, Section 5.3 and drawing number MSEC205-7
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•

The impacts may vary in severity and density depending on the degree of
subsidence effect to which that watercourse is subject, although the
relationship between effect and impact is not linear.

•

Subsidence effects are expected to be greatest for deep and steep sided valleys,
and least for shallow and flat valleys.

7.3.

CONSEQUENCES FOR YIELD TO WORONORA RESERVOIR

Woronora Reservoir is part of SCA’s water supply to Sydney and the Illawarra
region. The SCA advises that Woronora Reservoir is not connected to other parts of
the water supply system and is the sole source of supply to the Sutherland and
Helensburgh Supply Zones. The capacity of the dam is 72,000 ML. Its catchment
area is reported as 75 km2 of which approximately 27 km2 (36%) is within the area
likely to be affected by the Proposed Project and existing longwall mining .
Both the Proponent and the SCA have addressed the possibility that as a consequence
of subsidence and fracturing in the catchment and in the bed of watercourses, water
may be lost from the catchment leading to reduced inflows to the reservoir. The Panel
has reviewed assessments from the following sources:
•

analyses by the Proponent as reported in the EA;

•

the SCA’s submission to the Inquiry;

•

responses by the Proponent to SCA submissions;

•

responses by the Proponent to queries raised by the Panel;

•

further explanation by the SCA in a subsequent presentation to the Panel.

The various analyses and assessments fall into three categories:
•

inferences based on stream gauging data;

•

inferences based on other data and modelling;

•

inferences based on interpretations of possible groundwater flow mechanisms.

7.3.1.

Inferences Based on Stream Gauging Data

The Proponent has compared flow data from gauging stations on Waratah Rivulet,
Woronora River and O’Hares Creek and, by observation of the shape of recessions
and persistence of low flows over a 12 month period of data, was unable to discern
evidence of any loss of flows resulting from current longwall mining under Waratah
Rivulet.

47

Recorded streamflow data from Waratah Rivulet indicates that there is no
evidence of flow loss 34…
The SCA presents analyses of 16 months of flow records from two gauging stations
on Waratah Rivulet: one within the area already mined, and one downstream of the
mined area. The SCA reports three analyses of this data:
•

comparison of daily flows between the stations;

•

comparison of 5 day moving averages of flow at the two stations;

•

derivation of rainfall runoff coefficients for the two stations.

The SCA concludes that:
There is a case for a net reduction in streamflow from the impacted areas35.
The Proponent subsequently presented a comparison which included data from a third
stream flow gauging station, located between the two used by SCA. This was
purported to demonstrate a net gain from upstream to downstream through the reach
of stream that is already undermined.
The Panel has two principal reservations about approaches that rely directly on
limited stream gauging data at a small number of discrete sites:
•

Without special techniques and extensive quality control and checking, the
normal accuracy of stream gauging measurements, combined with staged
measurements and the derivation and application of rating curves, precludes
reliable detection of small absolute changes in stream flows from one location
to the next.

•

In a steep bedrock waterway in a region known to exhibit natural (and
induced) fracturing of rock strata, conclusions about loss of flow based on
comparison of flow measurements at two discrete points is confounded by the
likelihood that some flow, (which may represent a significant proportion of
low flows), is subsurface flow that is not measured.

The Panel is not persuaded, therefore, that any of the analyses reported above is
capable of providing a definitive position on the likelihood or otherwise of water loss
from the catchment of Woronora Reservoir.

34
35

Page ES-15 of the EA
SCA presentation to public hearing 13 March 2009

48

7.3.2.

Inferences Based on Other Data and Modelling

Two further analyses are presented in the EA.
1. The Proponent derived and calibrated a rainfall runoff model for the Waratah
Rivulet and O’Hares Creek and concluded that the model’s calibration
parameters showed no evidence of unusual loss:
The observed behaviour is consistent with no losses occurring from the
catchment.36
2. The Proponent derived inflow data for Woronora Reservoir from reservoir
water level records and compared that data with the results of rainfall runoff
modelling over a 35 year period. This led the Proponent to conclude that there
was no consistent departure between the modelled and observed data and that
this inferred no loss of water from the catchment.
The Panel understands the arguments that are presented by the Proponent but is not
persuaded that either of these analyses or both taken together are sufficiently robust to
be capable of demonstrating that there is no loss of water from the catchment.
7.3.3.

Inferences Based on Groundwater Flow Mechanisms

In the absence of reliable measurement or modelling approaches, the Panel has
assessed the likelihood that, as a result of mining, a mechanism may be created
whereby runoff from the catchment can bypass Woronora Reservoir.
The Panel concurs with both the SCA and the Proponent that the likelihood of surface
water loss via a connection from surface water flows to the mine void is extremely
low.
The SCA has proposed a mechanism based on evidence from another catchment,
whereby surface water initially intercepted by subsidence-induced fracturing can be
permanently lost into the groundwater system. The mechanism postulates that
groundwater flows may then bypass Woronora Reservoir.
Two possible variations have been hypothesised.

36

•

Rainfall on the broader catchment, which previously found its way to
watercourses above the dam by surface or subsurface flow now infiltrates and
is permanently lost to the surface water system upstream of the reservoir.

•

Water in streams that are subject to fracturing is lost from the surface water
system to the groundwater system and does not reappear upstream of the
reservoir.

Page ES-15 of the EA
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Taking each of these hypotheses in turn, where fracturing occurs in the catchment, it
is possible that initial rainfall runoff losses may increase slightly as rainfall is
temporarily stored in new fissures. This can lead to minor increases in infiltration
rates and more rapid access of rainfall to the soil moisture storage. But this all occurs
in the surficial groundwater system and the Panel considers that there will be no
detectable loss of surface water unless the surficial groundwater system intercepted a
permeable sub surface stratum that then by-passed the reservoir.
For watercourses the Proponent presents evidence that fracturing in the beds of
watercourses may create new flow pathways, but the pathways are discontinuous and
limited to 10 to 15m depth from the surface. Unless a new vertical or horizontal
pathway intercepts an existing permeable subsurface layer, water will return to the
surface within a short distance downstream of the end of the fracture network and will
not be permanently lost from the surface water system.
Only limited evidence of actual groundwater conditions has been presented by the
SCA or the Proponent, but based on this evidence and knowledge of the regional
lithography and regional groundwater system, the Panel has reached the view that the
mechanism proposed by the SCA is unlikely to operate in the Project Area.
7.3.4.

Panel’s Resolution on Yield to Woronora Reservoir

The Panel is of the view that analyses based on standard flow measurement
techniques at discrete points on Waratah Rivulet are not capable of providing a
definitive position on the likelihood or otherwise of water loss from the catchment of
Woronora Reservoir, nor is a definitive position provided by the hydrologic modelling
that has been reported to date. However, the local and regional groundwater
conditions coupled with the mine parameters, would suggest that the likelihood of
water being lost from the surface water system as a consequence of mining, and then
by-passing Woronora Reservoir, is very low. This conclusion accords with the
findings of the Southern Coalfield Inquiry, viz:
No evidence was presented to the Panel to support the view that subsidence
impacts on rivers and significant streams, valley infill or headwater swamps,
or shallow or deep aquifers have resulted in any measurable reduction in
runoff to the water supply system operated by the Sydney Catchment Authority
or to otherwise represent a threat to the water supply of Sydney or the
Illawarra region.37
Because the issue is not beyond doubt and the Woronora Reservoir is an isolated and
important component of the water supply for Sydney and the Illawarra region, the
Panel recommends that a specific program be developed between the SCA and the
Proponent to further investigate the existence or otherwise of catchment yield
impacts.

37

Page 2 of Southern Coalfield Inquiry Report
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7.4.
7.4.1.

CONSEQUENCES FOR THE CONDITION OF WATERCOURSES IN THE PROJECT
AREA
Predicted Waterway Conditions

Subsidence predictions for the Project Area indicate that impacts will include
fracturing of bedrock in the beds of watercourses throughout the Project Area. As
reported in Section 7.2, based on observations in Waratah Rivulet to date, and in other
areas of the Southern Coalfield, and as reported by the SCI, the nature and extent of
fracturing will vary significantly along the length of a watercourse within an impacted
area.
The expected consequences of this impact are best described by reference to examples
from the reach of Waratah Rivulet that has already been undermined. Note that these
consequences are not expected to occur continuously along the reach. Consequences
are expected to include:
•

visible fracturing of bedrock within the bed of the watercourse, Figure 12;

•

physical dislocation of slabs of rock from the bed and subsequent transport
and breakdown of these slabs into finer material, Figure 13;

•

loss of water from pools, Figure 14;

•

loss of low flows from the bed of the watercourse, Figure 15;

•

increased concentrations of dissolved metals leading to:
o Iron staining on rock, Figure 16;
o Iron flocs and algal growth and discoloration of water in pools, Figure
17.

While the Proponent acknowledges the above consequences in the EA, there is no
quantification of the predicted severity, density or extent of the consequences in
watercourses across the Project Area.
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Figure 12: Example of Visible Cracking in the Bed of the Watercourse

Figure 13: Example of Physical Dislocation of Slabs of Rock and Subsequent Transport and
Breakdown
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Figure 14: Example of Draining of a Pool

Figure 15: Example of Loss of Low Flows from the Bed
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Figure 16: Example of Iron Staining on Rock

Figure 17: Example of Discolouration of Water in a Pool

The relationship between these potential consequences and the mining proposal is the
issue for the Panel. The SCI Report provides some guidance by recommending that
RMZs should be applied to all streams of 3rd order or above in the Strahler stream
classification38. Whilst the SCI was at pains to point out that this was not, of itself, a
determination of ‘significance’ (nor did it suggest a need to exclude mining) it did
mean that careful assessment may lead to management consequences. These
38

SCI Report, page 112, Section 5.4.2
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consequences could include prohibition of mining in the vicinity of highly significant
and highly sensitive watercourses. This is entirely consistent with the expanded risk
management approach recommended by the Panel in Section 6.2 of this report.
There are many streams of 3rd order and above in the Southern Coalfield and
protecting them all from consequences induced by subsidence impacts would cause
mining to cease. If mining is to proceed then a way must be found to determine
which streams will be protected from consequences, which streams can be impacted
but have consequences eliminated or mitigated by preventative or remediation
techniques, and which streams (or part of streams) will simply be allowed to suffer
damage.
Ideally there would be an objective test based on a set of defined and measureable
values that would make this task easy. Some possible assessment techniques exist
(see Section 7.4.2 below), but they have not been applied in this context. The Panel
recommends that the relevant government agencies explore the possible use of these
techniques as a tool to assist in the determination of significance of watercourses
under threat from mining proposals. Alternatively there could be an unambiguous
policy position articulated that would guide decision makers in individual cases.

As neither the test or the policy exist at present, the Panel is faced with identifying a
set of values that might attach to a stream meeting the SCI threshold and that would
assist in determining the nature and level of any protection that might be
recommended. The list of values below is drawn from the EA, government agency
submissions, public submissions and the SCI Report. It does not purport to cover all
possible values, but it is the Panel’s view that the main ones are included:
•
•
•
•
•
•
•
•
•
•

Importance to catchment yield
Significance to water supply
Scale of the watercourse
Permanence of flow
Water quality
Ecological importance
Environmental quality (pristine, modified, severely modified)
Visual amenity (eg cascades runs, pools etc)
Community value (value the community attributes to protection)
Regional significance

Other factors that need to be considered are whether there are techniques available to
prevent consequences or to remediate them effectively.
In the current circumstances, the discussions as to significance and the appropriate
protection to be afforded to a particular watercourse will come down to a case by case
assessment of the values attributed to the watercourse, the options for protecting those
values and the feasibility and costs of doing so.
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Inevitably there is an element of subjectivity in this decision process. The Panel is
well aware of this and has considered the information available with great care to
minimise the possible effect.
7.4.2.

Assessing Condition of Waterways

There are numerous approaches to assessing waterway condition in use in Australia39.
Relevant examples include:
•
•
•
•
•
•

Sustainable Rivers Audit (Murray Darling Basin Authority)
State of Rivers (Queensland, NSW)
Pressure Biota Habitat Approach (NSW)
Ιndex of Stream Condition (Victoria)
National State of the Environment Reporting (Commonwealth)
Assessment of River Condition (Commonwealth)

These approaches use different techniques but all are designed to allow a relative
ranking of waterway condition on the basis of assessments of environmental themes
broadly: hydrology, physical form, water quality and condition of riparian vegetation;
and by measuring populations of key aquatic communities such as fish and
macroinvertebrates. The environmental themes (hydrology, physical form, water
quality and riparian vegetation) indicate the qualities of a waterway that characterise
its environmental and aesthetic value and application of one of the standard
assessment approaches could provide a consistent basis for comparing the condition
of the waterway before and after the impacts of mining.
7.4.3.

Assessment of Consequences for Waratah Rivulet

In the EA, the Proponent proposes an adaptive management and remediation approach
to mitigating consequences in the Waratah Rivulet involving remedial grouting if
fracturing of a rock bar leads to draining of its pool. A number of Government
agency submissions (e.g. DECC, SCA) and virtually all of the public submissions that
addressed potential impacts on Waratah Rivulet, have expressed the view that despite
the Proponent’s adaptive management and remediation proposals, the predicted
consequences for Waratah Rivulet remain unacceptable.
Assessment of the acceptability of the potential consequences from the mining
proposal requires an initial assessment of the extent to which these potential
consequences threaten the values ascribed to the rivulet.
The values that the Panel considers most relevant in this context and the likely
consequences for these values are:
•

The scale of Waratah Rivulet. The rivulet is a moderately large 4th order
stream, with bed width typically 15 to 20 m. It has a catchment area at the
limit of inundation of Woronora Reservoir of around 22 km2 and according to

39

Cooperative Research Centre for Freshwater Ecology. Technical Report No 8/2001. Development of
a Framework for the Sustainable Rivers Audit. A Report to the Murray Darling Basin Commission,
Canberra. August 2001.
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analyses reported in the EA, an annual average discharge of 71 ML/d. It
represents 30% of the inflow to Woronora Reservoir.
•

The characteristics of Waratah Rivulet. A range of parameters characterises
the 2.25 km of Waratah Rivulet in the Project Area. Physically these include
its scale (already dealt with separately above) and a number of features that
result from the underlying configuration of sandstone strata: its steep gradient
(average 0.02), its frequent waterfalls, cascades, runs and pools, several
vegetated boulder fields, its gorge like setting, and the general absence of
sediment deposits in the bed. With its protected catchment status, largely
undisturbed riparian vegetation and limited access, Waratah Rivulet in the
project area exhibits many characteristics that are in essentially natural
condition. It would rank highly in most of the condition assessment
approaches listed in Section 7.4.2.

•

The regional significance of Waratah Rivulet. There are several methods used
in Australia to categorise rivers and streams. The most pertinent in the NSW
context is River Styles (Brierley et al, 2002). Application of the River Styles
Framework across the region would allow appraisal of the regional
significance of Waratah Rivulet and its values. In the absence of such an
appraisal, the regional significance of the Rivulet and its values cannot be
reliably assessed. Data reported by the Proponent40 show around 150km of
stream within a 75km radius of Waratah Rivulet that is of similar catchment
area (plus or minus a factor of 2) and the same stream order as Waratah
Rivulet. However no comparative data has been presented on channel
characteristics such as gradient, frequency of waterfalls, cascades, runs and
pools, etc, or on waterway condition and setting. During aerial reconnaissance
(see Section 2.4), few streams were observed to have similar combinations of
setting, size and features as Waratah Rivulet.

•

Loss of surface flow. Mining impacts are predicted to have the consequence
of changing the rivulet from a permanent stream to an ephemeral stream, at
least for those parts of its length where fracturing is significant. According to
the EA, under normal conditions, Waratah Rivulet is effectively a permanent
stream with no-flow days occurring less than 2% of the time. After mining,
allowing for increased sub-surface flow of 0.5 ML/d through new fissures and
cracks, the EA estimates that the frequency of no-flow days would increase to
15% of the time.
This effect can be illustrated by a “spells analysis” that simply identifies and
plots no-flow days through the period of record. Figure 18 shows the results
of a spells analysis using modelled data provided by the Proponent for the
period 1997 to 2008 with and without an allowance for 0.5 ML/day subsurface
flow. The dark blocks are days for which the flow is effectively zero (taken in
this analysis to be flow less than 0.05 ML/d). While acknowledging that this
effect would not be continuous along the Rivulet, the Panel also considers that
the 0.5ML/d subsurface flow estimate may be too low wherever heavy
fracturing occurs and the 15% no-flow days could be significantly more in

40

HCPL Response to PAC Query Email 19 March 2009
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some sections of the rivulet. It is noted that in planning for water resources
developments or water sharing plans or in environmental flows assessments
where spells analyses are a commonly used tool, an increase of this magnitude
in the frequency of zero flow periods would not be acceptable.
•

Water quality is adversely affected. There is a high likelihood of water quality
consequences arising from redirected flows along Waratah Rivulet. These
changes in water quality are brought about either by interception of localised
groundwater flow systems (through cracking) and/or by water-rock
interactions along new pathways. The SCI report described this process:
When a new fracture network forms beneath streams beds and their
valleys, fresh rock faces are exposed to the groundwater which flows
preferentially through available void space rather than through the
rock itself. The fresh rock faces are then subject to a variety of
chemical interactions with the groundwater, until a new equilibrium is
established (ie until the fresh rock faces behave chemically the same as
the pre-existing joint and other fracture networks).41

41

Page 65, SCI Report
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(b) Post mining allowing for 0.5ML/d subsurface flow through new fissures and cracks

Figure 18: Spells Analysis for Waratah Rivulet42

42

No flow days (<0.05ML/d) in the modelled data provided by the Proponent for periods before and
after loss of 0.5ML/d to subsurface cracking
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There is a history of mining-related water quality impacts within the Waratah
Rivulet, evident from the degree of iron staining which has hitherto been
widely publicised. The principal mechanism is understood to be dissolution of
marcasite or iron oxy-hydroxides like limonite, goethite and haematite, and
precipitation of ferrihydrite resulting in iron staining of the water course. The
process can also lead to green opacity of the water column (in rock pools) and
the growth of bacterially-mediated iron mats and blooms in rock pools
accompanied by a reduction in dissolved oxygen and related eco-toxic
impacts.
The Panel notes that surface water monitoring undertaken by the Proponent
suggests such water quality impacts appear to be both localised and transient,
with negligible downstream impacts on the water quality of Woronora
Reservoir stored waters. SCA supports this contention. However the Panel
considers that it is the redirection of flows and disconnection of pre-existing
aquatic regimes together with the localised impacts of water quality changes
that have significant potential to affect aquatic systems.
Community Valuation. The Choice Modeling work described in the EA and
expanded on substantially in Section 15.0 of this report indicates that the
community places a value of at least $95 million on protection of the Waratah
Rivulet. In this context it should be noted that this figure is probably a
significant underestimate of the value since the Panel has concluded that the
question on which the survey responses were based was biased in favour of
under-valuation.
Two other factors to be considered are the possibility of remediation and the
availability of alternative mining approaches.
•

Remediation
The limitations on remediation effectiveness were dealt with in
Section 5.3.2. The relevant points are:
-

Some success has been demonstrated in maintaining water in
selected pools, but it is yet to be demonstrated that grouting can
be applied successfully and continuously along the Rivulet
including in boulder fields, nor is it proposed, and so the
balance of the stream remains unremediated.

-

Grouting may need to be repeated on multiple occasions at
each selected site whenever leakage recurs until fracture
development ceases.

-

The durability and permanence of the remediation technique is
yet to be demonstrated.

-

Pools will drain and remain dry for some time until initial
effective remediation is achieved.
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•

-

The process of grouting and the grouting itself will detract
from the natural values of the area.

-

Of all the consequences listed, the proposed remediation only
addresses the potential draining of pools.

Viable alternatives exist. There would appear to be variations to the mining
proposal (e.g. setbacks) or alternative mining layouts that could still be viable
but would reduce impacts and consequences of the project on the Waratah
Rivulet. One such variation is the basis of the PPR.

In summary, the remediation proposals reveal the Proponent’s perception that all that
is required to effectively re-establish the values of the Rivulet is reinstatement of
affected pools. Submissions from DECC and SCA and others suggest that broader
sets of values are relevant to the evaluation. The Choice Modelling work would
clearly support the latter position.
Considering all the information available to it, the Panel has reached the view that the
potential consequences of the Metropolitan Coal Project for the condition of Waratah
Rivulet are not acceptable. In reaching this conclusion, it is acknowledged that the
ecological values of the rivulet are already compromised by limits to connectivity
imposed by Woronora Reservoir, and that the community’s ability to enjoy the
aesthetic values of the Rivulet is constrained by restricted access. The consequences
of the Panel’s conclusion and the proposed protection regimes are dealt with at length
in the consideration of the PPR in Section 17.0 of this review.
7.4.4.

Eastern Tributary

With the exception of the detailed watercourse mapping provided by the Proponent43
there is little information available to guide a judgement on the acceptability of the
potential consequences of mining on the Eastern Tributary. The mapping suggests
that the lower reach of the Eastern Tributary (the third order section for approximately
1 km upstream of the reservoir) is similar in characteristics (but smaller in scale) to
Waratah Rivulet. The similarity is supported by observation, Figure 19 to Figure 21,
and by commentary in the EA44.

43
44

MSEC March 2009. Provided by Email from HCPL
Table 3, Appendix C of the EA
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Figure 19: Shallow Pool in Downstream Reach of Eastern Tributary

Figure 20: Waterfall and Cascade in Downstream Reach of Eastern Tributary
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Figure 21: Long Pool in Downstream Reach of Eastern Tributary

Within the context of the smaller scale, most of the other values of the Eastern
Tributary are similar to those of the Waratah Rivulet, particularly those relating to the
environmental characteristics, performance of flow and water quality.
The
community valuation did not include information on the Eastern Tributary, but it is
reasonable to suppose that, based on the above values, it would have ranked
significantly if it had been included.
It is noted that neither remediation nor adaptive management were proposed to be
applied to the Eastern Tributary in the EA, leaving it fully vulnerable to the
consequences of subsidence induced impacts.
In the Panel’s view, these
consequences were likely to be similar to those already seen in the undermined
sections of the Waratah Rivulet.
The Panel therefore recommends that a similar level of protection from subsidence
induced consequences to those proposed to be applied to the lower reaches of the
Waratah Rivulet should be afforded to the lower reaches of the Eastern Tributary.
7.4.5.

Other Watercourses

There are numerous other watercourses in the Project Area (including the remainder
of the Eastern Tributary) that will be subject to subsidence impacts. The obvious
question is what distinguishes these other watercourses from the Waratah Rivulet and
the Eastern Tributary in terms of the Panel’s recommendations. In the absence of
objective standards or clearly articulated policy positions, the Panel must rely on
assessment based on consideration of the values of these watercourses and the likely
subsidence induced impacts.
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There are two areas where there are obvious differences between the Waratah Rivulet
and the Eastern Tributary on the one hand and most of the other watercourses in the
Project Area on the other. They are:
•

Severity of impact. Unconventional subsidence effects (uplift and fracturing
of the bed) are generally greatest for the deepest and narrowest valleys.
Waratah Rivulet and the lower Eastern Tributary have the greatest reported
equivalent valley height of the waterways in the region. In general, the
smaller waterways are expected to experience smaller upsidence effects.
Tributary B45 appears to be an exception to this, with predicted impacts similar
to Waratah Rivulet.

•

Scale and significance of consequences. The magnitude and the significance
of the consequences of subsidence are expected to be lower for the remaining
waterways. This expectation is founded on the following observations:
-

-

-

Waratah Rivulet and Eastern Tributary are very steep streams with
frequent waterfalls, cascades and runs. Loss of surface water as a
consequence of cracking will not be as great on streams with gentler
gradients where less head is available to drive subsurface flow.
Loss of pools is an important consequence in Waratah Rivulet and
Eastern Tributary. This consequence is less dominant in streams
where pools are less frequent.
Waratah Rivulet and Eastern tributary are effectively permanent
streams that are predicted to become ephemeral as a consequence of
sub-surface flows post mining. The consequence of losing surface
flows to sub-surface flows is less significant where a stream is already
ephemeral.

There is obviously much less information available on the watercourses other than the
Waratah Rivulet and the Eastern Tributary and the Panel retains a residual concern
about the acceptability of impacts on Tributary B.
However, the Panel considers that, provided the environmental outcomes
recommended in Section 17.3 are applied to the reaches of the Waratah Rivulet below
Longwall 22 and the reaches of the Eastern Tributary from the full storage height to
the junction of its two upstream tributaries (at approximate coordinates 6214600N and
312200E), mining should be allowed to proceed under other watercourses as proposed
in the PPR.
The Panel further recommends that a monitoring regime be established to try and
improve the predictability of consequences for watercourses from subsidence impacts.
This regime should cover a representative sample of watercourses and should include
Tributary B.

45

Drawing No: MSEC285-24, Appendix A
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8.0

GROUNDWATER IMPACTS AND CONSEQUENCES

8.1.

INTRODUCTION

The Panel’s task in relation to groundwater is to advise whether the proposed mining
poses a risk to flows and water quality in groundwater systems that sustain baseflow
in significant drainages; and whether mining has the potential to induce measurable
leakage losses from these systems or from the stored waters of Woronora Reservoir.
Groundwater systems can be broadly defined in two categories in accordance with the
findings of the SCI. These are:
•

Shallow and surficial systems, including soils and the underlying weathered
bedrock on hillslopes and plateau areas, the swamp lands, and relatively minor
alluvial deposits associated with Waratah Rivulet and the Eastern Tributary.
These systems are regarded as unconfined aquifers since they interact with
rainfall recharge and retain a water table at atmospheric pressure.

•

Deeper consolidated rocks, comprising rock strata with a porous matrix
(sometimes enhanced by fracturing). These are considered to be unconfined
aquifers if their depth is sufficiently small that a water table occurs, or
confined aquifers if the groundwater is stored under pressures greater than
atmospheric. The Hawkesbury Sandstone is recognised as a regionally
extensive rock stratum hosting unconfined aquifers near the surface but
confined aquifers at depth. Within the deeper strata there are siltstones and
claystones which are considered to be aquitards and aquicludes, rather than
aquifers, as a result of their inherently low permeability. The SCI noted that
these strata typically impede groundwater exchange between adjacent strata.
The Bald Hill Claystone, which separates the Hawkesbury Sandstone from the
deeper Bulgo Sandstone, (see Figure 1), is an example of an aquitard present
across the Project Area.

These two groundwater systems have been recharged by rainfall and runoff over
geologic time. The process involves infiltration (of rainwater) to the surficial regolith
and swamp lands, and downwards percolation from these mostly perched systems to a
deeper fully saturated zone within the Hawkesbury Sandstone. The geometry of this
deeper water table is governed largely by the incised regional drainage system that
provides a seepage pathway for relief of groundwater pressures along the multitude of
creek beds. The Proponent has adopted three categories by separating the perched
systems from the shallow and surficial category.
Deep mining depressurises the coal seam (which is generally considered to be an
aquifer) which in turn attracts groundwater seepage from overlying strata. Subsidence
above longwall panels creates a fractured and more permeable zone extending
upwards above mined panels, which enhances seepage to the mine and promotes more
widespread groundwater depressurisation as described in the SCI report and
Section 5.0 of this report. The reduction of groundwater pressures within this zone
ultimately induces leakage from shallow aquifers and surficial creek systems. The
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rate of leakage from these systems is governed by the permeability of the underlying
rock strata.
Assessment of mining related impacts on these regional groundwater systems
normally involves conceptualisation of groundwater flow processes, measurement of
parameters that define these processes, simulation of groundwater flows using
computer based mathematical modelling, imposition of proposed changes brought
about by mining, and assessment of the resulting impacts. Comprehensive
measurement and monitoring of the groundwater systems serves to reduce conjecture
and uncertainty.
The Panel has reviewed the Proponent’s groundwater studies summarised in the EA
and subsequent documents. The Panel has also considered information provided by
DWE, DECC, SCA and other stakeholders. It is apparent from the numerous
submissions, that greater significance is attached to the shallow groundwater systems
relating to swamps and drainage systems, than to the deeper systems affected by
depressurisation of strata within and adjacent to longwall panel extractions. This is
attributed in large part, to the significant depth of cover over proposed mining
operations, and the presence of two aquitards – the Stanwell Park Claystone and the
Bald Hill Claystone that the Proponent asserts will mitigate depressurisation of
shallower strata. Notwithstanding the presence of these aquitards, the Panel has
undertaken a rigorous review of both shallow and deep groundwater studies.
8.2.

SHALLOW GROUNDWATER SYSTEMS

Shallow groundwater systems are mostly associated with the swamp lands and the
underlying weathered bedrock on hillslopes and plateau areas. These systems may
also be associated with redirected surface water flows into underlying fracture
networks which have been generated naturally or by mining induced subsidence and
upsidence.
The upland swamps are characterised as either headwater swamps or valley infill
swamps in accordance with the findings of the SCI. The headwater swamps occupy
the more elevated and upper reaches of the drainage catchments where relatively
shallow topographic grades prevail. They are generally recognised as perched
groundwater systems where rainfall and runoff serve to recharge the swamp
sediments at a higher rate than evaporative losses and leakage to underlying strata.
Groundwater contained in these systems moves slowly downslope towards the
downstream exit where it emanates as seepage and baseflow into the receiving
drainage system. Most of the swamps in the Project Area are typical headwater
swamps, although some may have transitional elements toward their lower ends.
There are no valley infill swamps. Groundwater processes, impacts and consequences
associated with these swamps are dealt with in Section 9.0.
The weathered bedrock groundwater systems are considered to be mostly unsaturated
in elevated areas, becoming saturated (hosting a water table) in downstream areas at
lower elevations. The unsaturated zones undoubtedly provide recharge pathways
along the multitude of fractures and joints evident throughout the Hawkesbury
Sandstone. These are the percolation pathways that sustain the deep water table.
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Subsidence related impacts on this system will lead to the development of cracks or
the opening of pre-existing joints predominantly associated with tensile strains
(Section 5.0). Cracks will exhibit variable apertures that may enhance deeper
recharge through the interception of hillslope runoff, or initiate re-directed flows
potentially leading to enhanced water-rock geochemical activity and to the springing
of groundwater on some slopes. The Panel notes that the impact of mining on these
pathways was raised in submissions, but is not aware of any significant or focused
studies (including the EA) relating to the hydrogeology of this domain probably
because the flow pathways are discrete and localised in nature. More obvious impacts
are associated with un-natural stream bed cracking as a result of mining induced
upsidence. Consequences of these impacts are dealt with in Section 7.0 and include
redirected flows, potential release of iron enriched groundwaters (as surface flows),
and initiation of new geochemical dissolution processes.
Hydrogeological investigations undertaken by HCPL with respect to the shallow
groundwater systems have included installation of a number of piezometers adjacent
to Waratah Rivulet or other tributaries, and three piezometers located in swamp lands.
These have been used to monitor groundwater levels contained in the rock strata and
results suggest there is interaction between surface water levels and groundwater at
least at one site near pool F on Waratah Rivulet. Swamp monitoring bores identified
as Swamp 1 to 3 in the EA, are reported to be perched but this is only inferred since
no monitoring of groundwater has been undertaken by the Proponent in the deeper
rock strata at these same locations.
The Panel notes that most shallow system monitoring piezometers are associated with
past mining activity (Longwalls 1 to 18) and are therefore outside the Project Area.
However, they do provide limited insight to the impacts and consequences of mining
to date – ie there appears to have been no measurable loss of the water table above
mined panels.
8.3.

DEEP GROUNDWATER SYSTEMS

The deep systems constitute the regional groundwater flow domain that has evolved
over geologic time and sustains flows from upland areas, down to the local drainage
systems and beneath Woronora Reservoir. Groundwater flow rates and directions
within this domain are governed by the strata permeabilities and the pore pressure or
piezometric head distributions. Disturbance by mining operations has the potential to
induce changes in groundwater flows. In order to quantify these changes, it is
necessary to measure the important properties governing flow.
Hydrogeological studies undertaken by HCPL with respect to the deep groundwater
systems, have included installation of two deep piezometers that have been used to
monitor groundwater contained in the rock strata. A further two piezometers have
been completed subsequent to the EA. These installations have been equipped with
arrays of pore pressure transducers. Testing to provide estimates of strata
permeability has been undertaken at only one of these piezometers identified as
‘LW10’, to a depth of about 287m (down to the Bulgo Sandstone). No permeability
tests have been conducted in the deeper strata to establish coal seam characteristics
nor the characteristics of the overlying Coal Cliff Sandstone, Wombarra Claystone,
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Scarborough Sandstone or Stanwell Park Claystone. Additional permeability data has
been drawn from the Kangaloon borefield area some 45km to the south-west (SCA)
Dendrobium Mine (BHP Billiton) some 24km to the south-west, and the Mangrove
Mountain area some 95km to the north.
The Panel notes that the measurement of the vertical distribution of strata
permeabilities by the Proponent at only one location (outside the Project Area)
constrains confidence in the analyses and the conclusions that rely on those
measurements. Extrapolation from a single set of measurements is inconsistent with
modern practice in other coalfields. The Panel also questions the assertion by the
Proponent that secondary porosity in the form of fractures, dominates over primary
porosity when there is no supporting factual data.46
The Proponent reports that the current mining operations (Longwalls 1 to 18) attract
groundwater seepage at a rate of less than 0.1 ML/day. This very low rate suggests
that the current operational area has been effectively dewatered over the long period
of mining in the region, and/or the strata exhibit very low permeabilities.
8.4.

CONSEQUENCES FOR GROUNDWATER SYSTEMS

Numerical modelling has been conducted by the Proponent in order to better
understand and quantify the impacts of mining on the regional groundwater flow
systems. Since the numerical model is central to the determination of regional strata
depressurisation, surface leakage and future groundwater seepage to the mine, it is
important to ensure that the selected model code is appropriate, the model is designed
and developed to minimise numerical errors and distortions, and that the simulations
properly reflect field conditions. Importantly, DWE has in recent years, utilised the
groundwater model as a benchmarking tool for impact reviews.
A number of simulations involving several models have been developed and
presented in the EA. These models adopt the Modflow code and represent the
Triassic strata and underlying Permian coal measures in a simplified way. Model
variants relate to steady state simulations (the long term equilibrated flow domain) of
pre-mining conditions, mining of Longwall 1 to 14, and mining of Longwalls 1 to 44.
The Panel questioned the usefulness of steady state simulation of what is obviously a
non-steady state flow domain. The Panel also questioned the adoption of the
Modflow code which has a number of well known limitations that can affect the
accuracy of simulating underground mining operations. These limitations largely
relate to the steep hydraulic gradients that typically evolve adjacent to, and above
underground mining operations, and the evolution of depressurised and dewatered
zones within the fractured subsidence regime. These issues have been previously
identified by Government Inquiries. Certain limitations and implausible pore pressure
distributions generated by the code were brought to the Proponent’s attention during
the course of the review of the current proposal.
Subsequent modelling was undertaken using an alternative model code more
amenable to the simulation of longwall mining. The Proponent advised that this
model superseded modelling presented in the EA and was the preferred representation
46
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of future groundwater impacts47. Strata depressurisation generated by the alternative
model at the completion of mining is noted by the Panel to be sensible when
compared to the previous modelling results. In particular, the impacted zone extends
from the longwall panels to surface but with a dewatered subsidence regime being
largely contained beneath the Stanwell Park Claystone with further retardation of
impacts below the shallower Bald Hill Claystone. Very minor depressurisation in the
Hawkesbury strata is predicted.
Mine water seepage generated by the alternative model is reported to range from
0.4 ML/day at the commencement of Longwall 15, to 3.5 ML/day at the completion
of mining (Longwall 44). The bulk of this seepage is predicted to be sourced from
depressurisation of the subsidence fracture regime. Once depressurised, contributions
from this zone are predicted to decline.
Baseflow reductions in the Waratah Rivulet and other tributaries are predicted to total
about 0.15 ML/day or approximately 0.2% of the streamflow input to Woronora Dam,
based on an average 70 ML/day inflow determined by the Proponent. The Panel
considers this reduction to be acceptable and also notes that submissions did not raise
baseflow drainage system losses via deep rock strata to the mine, as a significant
issue.
Nevertheless, the Panel considers that there remains a possibility albeit slim, that a
structural feature (fault, dyke etc) could provide a leakage conduit from surface to
depths below the identified aquitards like the Bald Hill Claystone. A number of
candidate linear features have been identified from aerial photography (Geosensing
2008) and these may need to be considered as part of future exploration activity
conducted by HCPL. The presence of any structures and potential for conduited
flows might be reasonably assessed as part of future in-seam long hole drilling for gas
drainage purposes.
It is noted that the range of predicted groundwater seepage to the mine over the mine
life (rising from 0.4 ML/day to 3.5 ML/day) is significantly greater than the range
reported in the EA (0.1 to 0.5 ML/day) and certainly greater than the predicted
average groundwater component of 0.15 ML/day contributing to the mine water
balance48.
The Panel has observed, and the EA reports that the mine is currently a dry operation
with minimal groundwater seepage. The Panel sought clarification with respect to the
capacity of the mine water management system to manage increased contributions
from underground operations and was advised that make-up water supply from a
number of sources would be reduced as a first line of action. Any subsequent surplus
would be discharged in accordance with current licensing requirements which have
limits on water quality but not quantity. HCPL has further advised that it would treat
water prior to discharge off site to ensure water quality constraints are met. The
capacity of the water treatment plant would be upgraded as required to meet surpluses
after measurement and monitoring of underground seepage contributions.

47
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Heritage Computing Report HC2009/6 and subsequent notes provided to the PAC
EA Appendix C, Table 6
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The Panel is of the view that neither the information on mine water make, nor the
Proponent’s general assurances as to appropriate responses should the substantial
predicted increases occur, are adequate. The Panel recommends that stringent
conditions be inserted in any approval to ensure that mine water is managed
satisfactorily over the life of the mine.
Based on the information provided in submissions, the EA and subsequent reports
prepared by the Proponent and other stakeholders, the Panel considers that proposed
mining of Longwalls 20 to 44 poses a risk to flows and water qualities within the
shallow groundwater systems associated with parts of Waratah Rivulet and the
Eastern Tributary. However the Panel considers that there is a minimal risk of
inducing measurable leakage from surface drainage systems or the stored waters of
Woronora Reservoir down to the mining operations due to the presence of at least two
aquitards.
8.5.

RECOMMENDATIONS

The SCI noted a number of recommendations in relation to groundwater in the
Southern Coalfield. In particular, the SCI noted a need for improved measurement,
monitoring and analysis of groundwater flow systems. The Panel acknowledges that
during recent years there has been a significant increase in groundwater related data
gathered throughout the Southern Coalfield. However, the density and duration of
observations for the Metropolitan Coal Project are limited, especially with respect to
swamp hydrology, redirected stream flows and regional strata depressurisation. This
may be attributed in part to the access difficulties associated with monitoring both the
water table and deeper strata pressures in SCA Special Areas, but the Panel believes
that this should not detract from the need to more fully understand the groundwater
systems.
Nevertheless, a number of the issues covered in SCI recommendations have been
widely practiced in other coal fields since the introduction of the Part 3A process.
However, they do not appear to be have been assimilated by the Proponent, as
reflected in:
•

extremely limited measurement of strata hydraulic properties – one borehole,
located outside the project area, with depth testing to about 70% of depth of
cover;

•

extremely limited monitoring of the hydrology of swamp lands – 3 boreholes,
only one of which is located within the project area. No associated
piezometers have been installed to verify perching and to monitor the
underlying hardrock water table;

•

limited duration of groundwater monitoring – less than 2 years;

•

use of an aquifer modelling code (in the EA) known to have limitations in
simulating the goaf-fractured subsidence zone.
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In areas where natural conditions could change as a result of mining, specific
monitoring regimes need to be tailored to the mine plans presented in the PPR and to
address aquifer definition(s) and interactions, strata hydraulic properties, pore
pressure distributions, and groundwater qualities.
The Panel recommends that:
1. Groundwater monitoring regimes proposed by the SCI are incorporated into
HCPL approval conditions, including requirements for:
•

•

•

•

•

•

shallow piezometer installations for the monitoring of groundwater
levels/pressures within significant upland swamps, drainages and any
connected alluvium. Piezometers should have a sufficient distribution so
as to be able to characterise the aquifer systems in swamps S76, S77 and
S92 with a high level of confidence in potentially affected areas. Water
level measurements should be automated with daily or more frequent
recording.
groundwater quality classification through regular sampling and analyses
at installed piezometers.
Candidate analytes must facilitate the
discrimination of mining related impacts and in particular, any ionic
species that might be attributed to new water/rock interactions;
deep piezometer installations for the monitoring of pore pressures within
the natural rock strata. Future piezometers should have a sufficient
distribution so as to be able to describe the distribution of deep aquifer
pressures with a high level of confidence. Pore pressure measurements
should be automated with daily or more frequent recording;
strata hydraulic property measurements to facilitate calculation of
subsurface flows. While such properties (porosity and permeability) are
unlikely to change naturally over time and hence regular monitoring is not
required, a properties database is required for impacts assessment and in
this context, such measurement is considered to constitute baseline data.
Additional core sampling and testing is recommended to confirm the
presence and continuity of aquitards beneath Woronora Dam;
mine water balance for existing and extended operations this is an
especially important part of baseline data measurements. It provides a
means of confirming the groundwater transmission characteristics of the
coal seam, overburden, and the drainage characteristics of goaves and the
overlying failure regimes. It also provides a first indication of potentially
anomalous mine water seepage that might be initiated by faulting or
fracturing associated with igneous intrusions, and increased connectivity to
surface drainage systems. The water balance for future operations should
take into account all water imported to the underground operations or parts
thereof, and all water exported from that same operations including
pumped water, coal moisture increases (allowing for inherent moisture),
ventilation moisture and any other exports;
long hole gas drainage - The Panel understands that HCPL propose to
undertake in seam long hole drilling for gas drainage purposes. These
holes should be used to identify the presence of any significant structures
(faults) that may act as flow conduits – possibly from surface. If any such
features are intercepted, then an appropriate strategy needs to be invoked
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that will characterise the structure and determine the magnitude and extent
of leakage.
2. Future analyses and prediction of impacts of mining on groundwater either by
the Proponent or by other mining companies in the region, give more focused
consideration to:
•

•

•

8.6.

data assessments – the use of airborne laser survey for detailed
topographic mapping, GIS for groundwater systems assessment and
management, and consideration of data generated by other mine sites is
encouraged.
wireline geophysical logging – to improve interpolation of measured
hydraulic properties like permeability and porosity. Useful logs might
include natural gamma; density (neutron), resistivity, sonic, acoustic
scanner;
predictive aquifer modelling - The SCI noted that 3D groundwater
modelling as a management tool is especially important since it promotes
an understanding of natural recharge processes, the role of creeks and
rivers in constraining the water table, base flow estimations (including
swamp contributions), and rates and directions of groundwater movement
throughout a system for pre-mining, mining and post mining conditions.
The SCI also stated that it is especially important to ensure that the
adopted model code can adequately address high contrasts in hydraulic
properties and steep hydraulic gradients that are typically associated with
underground mining operations. In addition, the code must be able to
simulate unsaturated and perched conditions that nearly always prevail
above extracted longwall panels or beneath upland headwater swamps.
The Panel notes that this was not the case for HCPL groundwater studies
presented in the EA. Whilst subsequent modelling addressed this issue for
the current Project Proposal, the Panel recommends that it be dealt with
properly at the EA stage in future proposals.

SCI RECOMMENDATIONS

The SCI noted a number of recommendations in relation to groundwater in the
Southern Coalfield. In particular, the SCI noted a need for improved measurement,
monitoring and analysis of groundwater flow systems. A number of these
recommendations have not been assimilated by the Proponent even though they have
been widely practiced in other coal fields since the introduction of the Part 3A
process. They are reflected in:
•

extremely limited measurement of strata hydraulic properties – one borehole,
located outside the project area, with depth testing to about 70% of depth of
cover;

•

extremely limited monitoring of the hydrology of swamp lands – 3 boreholes,
only one of which is located within the project area. No associated
piezometers have been installed to verify perching and monitor the underlying
hardrock water table;
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•

limited duration of groundwater monitoring – less than 2 years;

•

use of an inappropriate aquifer modelling code (in the EA) known to have
deficiencies in simulating the goaf-fractured subsidence zone.
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9.0
9.1.

SWAMP IMPACTS AND CONSEQUENCES
INTRODUCTION

Extensive areas of upland swamps occur in the Project Area. These upland swamps
have been raised as a significant issue in the EA, in Government agency submissions
and in public submissions.
This Panel has been presented with a substantial volume of written material and
strongly conflicting opinions on the potential impact of mining on upland swamps.
To try and resolve this, members of the Panel had further discussions with the
Proponent’s experts, Government agency experts (SCA, DECC) and an independent
expert, Dr Ann Young.
The task for the Panel is to advise as to whether the proposed mining poses a risk to
upland swamps, the nature, scale and acceptability of that risk, and whether it can be
avoided or managed.
9.2.

DESCRIPTION OF UPLAND SWAMPS

The Southern Coalfield area contains numerous habitat areas defined broadly as
‘upland swamps’. These swamps are identified by their distinct wetland vegetation
composition (primarily sedges and heaths) compared with the surrounding dry
sclerophyll forest which occurs on the better-drained ridge-tops and hill slopes. They
are mostly hosted on Hawkesbury sandstone and can be classified broadly into
‘headwater’ and ‘valley infill’ swamps49.
Headwater swamps occur in the higher catchment reaches and systems where
relatively shallow topographic grades prevail. Rainfall usually exceeds evaporation in
these swamps and as a result there is a perched water table within the sediments that is
independent of the regional water table in the underlying Hawkesbury Sandstone. In
headwater swamps the degree of saturation varies depending upon climatic
conditions. During and following rainfall events, surface runoff prevails. As runoff
subsides, groundwater seepage dominates through gravity drainage towards the lowest
drainage point in a particular swamp. It is this drainage which (importantly)
contributes to downstream baseflow within the host drainage system. There are 6
different vegetation associations found in headwater swamps50.
Valley infill swamps occur within well-defined drainage lines in the more deeply
incised valleys. Their formation may be associated with sediment deposition behind
temporary barriers (e.g. log jams) or steps in the underlying substrate where the
gradient suddenly becomes steeper. They may receive water from multiple sources
(e.g. rainfall, streamflow, and groundwater seepage) and may also be in contact with
the regional water table in some cases. Only 2 of the 6 vegetation associations found
in headwater swamps are generally found in valley infill swamps.
49
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Page 16 of SCI report
Table 5, Page 21 of Appendix G of EA
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As with any sub-classification along an ecological continuum, some characteristics
overlap between upland swamp categories and there will be some examples that are
difficult to classify definitively. Also, some of the larger swamps may be clearly
headwater in one part and valley infill in another. This does not provide justification
for abandoning the sub classification, particularly if the vast majority of swamps can
be described as belonging to one or other category and there are category attributes
that are useful in understanding the likely impact of mining.
The Panel spent considerable time on this issue, including interviewing a range of
Government and Non-Government experts. The only substantial objection to the use
of the classification came from DECC. All other experts consulted concurred with the
use of the classification for the Panel’s purposes. The objection from DECC may in
fact be based on use of terminology rather than any difference of view on the
characteristics of the swamps in the Project Area, since DECC experts agreed that the
swamps were generally characterized by perched water tables and were not connected
to the underlying groundwater. The Panel is of the view that the distinction between
headwater swamps and valley infill swamps as used by the SCI is valid and provides a
useful tool for understanding the likely impacts of mining on upland swamps in the
Project Area.
The EA describes all upland swamps in the Project Area as headwater swamps. The
only valley infill swamp identified that might be impacted by the proposed mining is a
swamp identified as No. 21 overlying Longwalls 7 and 8 (i.e. already undermined) but
which may be further impacted by future longwalls.
The Project Area swamps vary substantially in size and complexity, with several
considered to be unusually large examples. The swamps are mapped in the EA51 and
by DECC52. The vegetation and fauna characteristics are described in the EA.
9.3.
9.3.1.

SIGNIFICANCE OF UPLAND SWAMPS IN PROJECT AREA
Determining Significance of Upland Swamps Generally

Upland swamps occur extensively in the Southern Coalfield and in the Project Area53.
The issue of ‘significance’ of these swamps is a vexed one. The SCI report lamented
that there was a lack of guidance for Proponents on how to determine the relative
significance and value of natural features where multiple examples exist within a
Project Area or region54. It suggested that there should be clear delineation of the
priorities of both Government and the community for the protection and values of
such features.
It would certainly make it much easier for Proponents and governments to have a
checklist of natural features, a value for conservation of each and then a regional scale
of relative significance for each of these natural features against which the individual
51

Fig. MSEC 285-07 of Appendix A of the EA
Page.24 of DECC Supplementary Submission to the PAC
53
Page 17, Figure 1 of SCI Report
54
Page 113 of SCI Report
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examples in the Project Area could be rated. However, the attainability of this is
questionable.
Taking upland swamps for example, DECC mapped the swamps in the Southern
Coalfield and identified those it considered of particular conservation significance for
submission to the SCI55. It identified four large clusters of swamps as being of
particular significance and none of the swamps in the Project Area were included in
these four. However, in its submission to this inquiry DECC revised its position and
claimed the upland swamps in the Project Area were now ‘highly significant’. This
revision occurred approximately a year after the original submission and was justified
on the basis of new information emerging from the EA studies for the current
proposal. DECC then used a cluster analysis to argue that some groups of swamps in
the Project Area were more significant than others.
The purpose of this example is not to criticise DECC but to demonstrate that, at least
for swamps, a definitive position on regional significance is not currently attainable.
The primary reason is that the available information is incapable of supporting a
significance assessment that is sufficiently robust or mature enough to cope with
either new information or new approaches to analysis and interpretation of that
information.
The significance of upland swamps in the context of longwall mining has at least
three dimensions:
i)

for what purposes(s) the swamps are to be conserved (i.e. catchment
protection, habitat protection, presence of EEC or threatened species, etc);

ii)

whether it is possible to determine what proportion of each type of upland
swamp should be conserved across a region; and

iii)

whether some swamps are of such special significance that they warrant a
higher level of protection than swamps generally.

‘Special significance’ has its own definition difficulties. It is much easier to recognise
at the extremes of the spectrum than in the middle. For example, if the regional
population of a relatively sedentary threatened species is found in only one swamp in
a Project Area; or a swamp is both unremarkable and one of 20 similar swamps in the
Project Area, the position is simple. However, if single sightings of a locally
migratory species have occurred in 5 swamps in a Project Area, then determining
whether one of those swamps is of special significance based on the sighting will
inevitably involve a substantial degree of subjective analysis.
The current position on availability of information on the conservation significance of
upland swamps can be summarized as: qualitative information should be available in
relation to conservation purpose, there is probably no reliable information on the
proportion of swamps to be conserved, and there should be qualitative information
available for ‘special significance’, but its interpretation will involve a substantial
level of subjectivity.
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Under the current circumstances the commonsense approach to significance would
appear to be:
i)

to recognise upland swamps generally as habitats of high conservation
value that are prima facie worthy of preservation; and then

ii)

on a case by case basis argue whether individual swamps in a Project Area
should be afforded ‘special significance’ status based on specific
conservation reasons supported by evidence of substantial size, unusual
complexity, contiguous habitat, presence of EEC or threatened species,
etc. In the absence of quantifiable measures and an objective threshold,
conclusions about ‘special significance’ will be subjective. However, the
practical effect of this subjectivity will decrease as the threshold is moved
toward the top or the bottom of the scale.

The Panel notes that the task at this point is to determine significance of the natural
feature and that it is only one component of the decisions concerning protection levels
and the strategies to achieve them. In that context the Panel would make two
observations:
i)

that ‘prima facie worthy of protection’ does not mean ‘to be preserved at
all costs’; and

ii)

that who determines the special significance threshold and where it is set
could have substantial implications for mining in the Southern Coalfield,
particularly if a finding of special significance translated in practice to an
automatic rejection of mining in the vicinity of the swamp(s). Given the
number of swamps in the Southern Coalfield and their distribution,
generous interpretation of special significance could effectively see mining
cease.

It would be possible to do some further research to determine the values that the
community places on upland swamps generally using economic research techniques
such as Choice Modelling, but this would need to be carefully supervised to ensure
that the design of the study would lead to robust conclusions. In the context of the
current Project Area, catchment values would have to include the contribution to the
Woronora Reservoir catchment and the fact that this reservoir is isolated from the rest
of Sydney’s water supply system and that it services a substantial number of
households and businesses in the southern regions of Sydney and the Illawarra.
9.3.2.

Determining Significance of Upland Swamps in the Project Area

The general proposition that upland swamps are habitats of high conservation value is
common ground between the Proponent, government agencies and independent
experts. It also reflects the position adopted by the SCI56.
Substantial material was available to the Panel on the issue of the significance of the
Project Area swamps. This included the SCI Report, the EA, the submission and
presentation by DECC, the supplementary submission and presentation by DECC,
56
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supplementary submission by the Proponent in response, submission and
supplementary submission by Dr Ann Young, and oral examination of various
experts.
The Panel’s conclusion is that the upland swamps in the Project Area are of high
conservation significance as a group of related (but variable) habitats. However, the
evidence does not support the need to retain every single swamp in its current state to
maintain either a viable community of swamps or any particular vegetation or fauna
populations. Indeed, the evidence presented to the Panel indicated that, even if the
overall ‘system’ of swamps was relatively stable over the long term, individual
swamps were undergoing a constant cycle of change in response to climatic
conditions and the consequences of the interaction between these changes and events
such as flood and fire could vary substantially.
There is no convincing evidence before the Panel that identifies any individual swamp
or group of swamps in the Project Area as being sufficiently unique or different so as
to require identification as being of ‘special significance’ and thus requiring special
consideration in a risk assessment framework. This would be the appropriate course
if, by some rigorous methodology, a swamp or group of swamps had been identified
as being of special significance beyond that accorded to upland swamps generally.
The Panel is not convinced that the cluster analysis by DECC provides this level of
significance.
The Panel has therefore considered what are the potential impacts of mining on
upland swamps in the Project Area generally and what consequences might follow
from such impacts.
9.4.

POTENTIAL IMPACTS ON UPLAND SWAMPS

In the absence of mine-related surface works or other direct disturbance, the primary
source of any impact on swamps in the Project Area will be subsidence. Subsidence
has been dealt with at length in Section 5.0 of this report, in the EA and in the report
of the SCI.
Evidence provided to the Panel strongly supported the position that for swamps to
experience adverse environmental consequences, changes to swamp hydrology would
have to occur that were large enough and of sufficient duration to create conditions
that were favourable for drying, erosion, fire, or changes in species composition. In
the case of species compositional change, there may be a substantial biological lag (up
to decades) before any impact is apparent.
There are three broad mechanisms by which subsidence could cause changes in
swamp hydrology. The first two are caused by conventional subsidence and the third
is caused by non-conventional subsidence (valley closure and upsidence).
1. The bedrock below the swamp cracks as a consequence of tensile strains and
water drains into the fracture zone. If the fracture zone is large enough or
connected to a source of escape (e.g. a deeper aquifer or bedding shear pathway to
an open hillside) then it is possible for sufficient water to drain to alter the
hydrologic balance of the swamp.
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2. Tilting of sufficient magnitude occurs to either re-concentrate runoff leading to
scour and erosion, potentially allowing water to escape from the swamp margins
(possibly affecting the whole swamp) or to alter water distribution in parts of the
swamp, thus favouring some flora species associations over others.
3. Buckling and bedding shear enhances fracture connectivity in the host bedrock
which promotes vertical then lateral drainage of the swamp. This mechanism is
similar to redirected surface flow observed in subsidence-upsidence affected creek
beds.
Consequences of these impacts depends upon a wide variety of factors – such as how
much water is lost, over what period, whether ‘self-healing’ occurs, and whether there
are severe rainfall events or fire events. Depending on these factors and their
interactions a swamp could show no evidence of change, or be severely damaged over
a relatively short space of time.
The Panel spent time considering a risk assessment approach for subsidence impact
and environmental consequences in relation to natural features (Section 6.2). This has
been adapted for upland swamps and applied to the Project Area.
9.4.1.

Upland Swamp Risk Assessment Approach

The following steps are designed to capture most of the information requirements for
the assessment of risk as a basis for making decisions about mining in the vicinity of
upland swamps. They are also designed to consider the options for action once risk
has been assessed.
Step 1.

The information on mine parameters and likely types of subsidence impacts
should have been gathered for the Project Application generally.

Step 2.

It is assumed that all swamps in the Project Area will have been identified,
have had their vegetation mapped and fauna surveyed, and have their
topographic and hydrologic characteristics identified and recorded. Any
features of particular significance, e.g. presence of threatened species or
endangered ecological communities, will also have been recorded. To the
extent possible, the overall significance of the swamps in the regional
context will have been assessed.
If flora surveys are to be used as a basis for classifying upland swamps as
either headwater or valley infill then the surveys must be adequate for this
purpose. The vegetation associations found predominantly in valley infill
swamps must be identified separately and the sampling intensity must be
sufficient to ensure that the presence of these associations is detected. A
stratified sampling approach may be required for swamps that have sections
in more dissected terrain where valley infill characteristics might be
encountered.
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The reason for this is that the SCI Report is very clear that valley infill
swamps are both much less common than headwater swamps and much
more likely to be vulnerable to the effects of non-conventional subsidence
(valley closure and upsidence). In this context it should be mandatory for
the EA to contain high quality maps of the swamps and their vegetation
associations.
Step 3.

Identify any swamps or associations of swamps that are of special
significance (particularly in the regional context). The suggested approach
to this is set out in Section 9.3.1 above.

Step 4.

The risks of impact and consequences then need to be assessed for each
individual swamp. The first action is to draw the appropriate RMZ around
the swamp and calculate the predicted subsidence effects for the swamp
from all potential sources (i.e. both conventional and non-conventional
subsidence). Then the risks need to be assessed based on the relevant
characteristics of the swamp, the mining operations and the predicted
impacts from all the potential subsidence effects.
The purpose of this is to identify individual swamps that are at real risk of
negative environmental consequences57 if they are undermined. Ideally,
criteria would be developed that allowed a staged approach to this risk
assessment so that the effort is focused on those swamps where risk is
greatest, not on a large number of swamps where risk is comparatively low.

Step 5.

The question of acceptability of negative environmental consequences for
swamps must be addressed at this point. Resolving this is not simple. There
are catchment protection and conservation outcomes on one side and mine
lease issues, design constraints and economic outcomes on the other. The
substantial number of factors involved and the uncertainty inherent in many
of them means that the suggested approach may need to be modified in the
future. Some of the important factors are:
i.

Water supply is the primary land-use purpose for much of the area
occupied by the Southern Coalfield and the upland swamps are
important components of the hydrology of the SCA catchment.

ii.

The swamps are important habitats of very high conservation value
generally and are specifically important for some threatened species
and endangered ecological communities.

iii.

The swamps occur over a wide area in the Southern Coalfield, but
their distribution is not uniform across the region.

iv.

The swamps are not a collection of homogenous units. There is
substantial variation between (and within) swamps, primarily driven
by their hydrological characteristics.

57

Negative environmental consequences is the outcome of real interest, but may not be possible to
assess reliably with current knowledge. Although the relationship between predicted subsidence
impacts and negative environmental consequences is poorly defined, current practice is usually to focus
on predicted impacts in assessing risk to the swamp.
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v.

A regional assessment of conservation priority for swamps was
prepared by DECC in 2007 for the SCI, but this has already been
modified in submissions to the current inquiry. It would appear that
there is no robust assessment of how much of the regional habitat(s)
need to be conserved overall or, in most cases, which individual
swamps must be conserved.

vi.

Swamps are not distributed uniformly across mining leases and the
ownership of leases is spread across a number of companies. This
means the economic impact of protection measures will not be
distributed evenly and the possibility of any offset approach across
the region is limited.

vii.

Scattered distribution of swamps within mining leases means that it is
impossible in most cases to design economically viable longwall
layouts that would avoid undermining all swamps.

viii.

Subsidence impacts and environmental consequences are not the
same thing. In many (possibly most) cases there may be subsidence
impacts but, unless they are of sufficient magnitude to affect the
hydrologic balance of the swamp, there will be no detectable
environmental consequences.

ix.

There are too many variables (and possible interactions) in the
relationship between predicted subsidence impacts and likelihood of
environmental consequences to allow a confident assessment of risk
at this time. The Panel notes that at the extremes of very low
predicted impact the risk will be low, and at very high predicted
impact the risk will increase, even though this cannot be quantified;
and

x.

There are possibilities other than avoidance of impact for preventing
environmental consequences. In some circumstances mitigation
measures or remediation measures may be adequate to prevent a
significant subsidence impact becoming a negative environmental
consequence.

There is a range of possible approaches for dealing with negative environmental
consequences (and many permutations and combinations of these) including:
i.

Subsidence impacts cannot occur at any swamp.

ii.

Negative environmental consequences cannot occur at any swamp.
(The difference between (i) and (ii) being that, in some circumstances, there
may be measures other than the avoidance of impact available to prevent
impacts becoming negative environmental consequences and, where these
would be effective, this would allow mining to occur even if some potential
impact was predicted.)

iii.

Swamps do not warrant protection from subsidence impacts. (Potential for
damage is determined by the mine plan, mine parameters, swamp
characteristics and the interaction between them.)
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iv.

Only swamps of special significance are to be protected from subsidence
impacts.

v.

Only swamps of special significance are to be protected from negative
environmental consequences.
(The difference between (iv) and (v) being similar in nature to the difference
between (i) and (ii) above.) and

vi.

Negative environmental consequences are considered undesirable for all
swamps and
a) swamps of special significance will be protected from negative
environmental consequences;
b)

a presumption of protection from significant negative environmental
consequences will exist for all other swamps unless the Proponent can
demonstrate for an individual swamp that costs of avoidance would be
prohibitive and mitigation or remediation options are not reasonable or
feasible. Under circumstances where the decision is to allow
significant negative environmental consequences to occur and
remediation is not feasible offsets may be considered appropriate.

If the dual objectives of conserving swamps and allowing mining to continue in the
Southern Coalfield are to be achieved then Option (i) is not feasible. While it is
possible to find some swamps where the predicted subsidence effects would be very
unlikely to result in impacts, the large number of swamps and their scattered location
would make it almost impossible to design mine layouts that could avoid undermining
all swamps where predictions indicated that subsidence impacts might possibly occur.
Option (ii) provides a bit more latitude with respect to management of predicted
subsidence risk where reliable techniques exist for mitigation or remediation.
However, the current inability to convert predicted subsidence impacts to accurate
predictions of negative environmental consequences for individual swamps means in
practice that, to avoid all risk of environmental consequences, a policy of no
undermining would be required for most swamps.
Option (iii) is inconsistent with the findings of the SCI and with the current
understanding of the importance of upland swamps as both critical habitats of high
conservation value and major contributors to catchment hydrology. Applied across all
mining leases in the Southern Coalfield this would be a very high risk option.
Options (iv) and (v) are entirely dependent on the capacity to identify swamps of
special significance. The discussion in Section 9.3.1 makes it clear that robust
objective information on which to classify a swamp as being of special significance is
generally not available and that the decision will largely rest on subjective
interpretation of an appropriate threshold and a limited amount of qualitative
information.
This subjectivity, combined with the fact that the level of protection depends solely on
inclusion or exclusion from the category, will ensure that the stakeholders bring
substantial pressure to bear on this decision point and on the decision-maker. It will
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also be difficult to get any consistency in decisions. The net result will be a process
that produces little other than dissatisfaction.
The question of when the decision is made is also highly relevant to the Proponent. If
the decision is made late in the process it cannot provide guidance on the mining
proposal that is being submitted for assessment.
Option (vi) would be the next-best option to Options (i) and (ii) from a conservation
perspective, but still requires ‘special significance’ to be defined. This should not be
as much of an issue as it is with Options (iv) and (v) because there is a presumption in
favour of protecting all swamps. The bar could also be set higher for entry into the
category and this would make it easier to identify swamps that clearly warranted this
level of protection (see Section 9.3.1). Expressions such as ‘swamps with
characteristics that are so important compared to other swamps in the Project Area
that risk of negative environmental consequences is not acceptable’ might work in this
context.
Option (vi) could operate as follows:




After Steps 1 to 4 have been completed, identify any swamps that meet the
higher threshold test for special significance. For these swamps, if there is
a risk of negative environmental consequences arising from the predicted
subsidence impacts then either the impact is to be avoided (presumably by
not undermining or by modifying some of the mining parameters) or by
close monitoring followed by mitigation or remediation measures where
these are available and known to be effective.
For swamps that do not meet the special significance test, if there is a risk
of significant negative environmental consequences then a decision must
be made as to (a) whether the potential environmental consequences are to
be avoided by avoiding the impact (presumably by not undermining or by
modifying some of the mining parameters) or by close monitoring
followed by mitigation or remediation measures where these are available
and known to be effective; or (b) whether the potential negative
environmental consequences are to be accepted for the swamp in question
with or without offsets or other compensatory measures being required.
Which of these courses is followed will depend on a combination of
factors including how high the assessed risk is, the likelihood of mitigation
or remediation measures being successful and the cost of the impact
avoidance option.
If the risk of environmental consequences is low, then it is reasonable to
allow mining to proceed on the basis that representative monitoring of
impacts and consequences will occur and, if impacts or consequences
exceed expectations, then remediation, adaptive management or some
other compensatory mechanism will be required depending on the
magnitude of the exceedance(s).



Monitoring regimes would need to be specified that stratified the effort so
that the more vulnerable swamps were covered effectively. These regimes
need to be based on sound science and cover the subsidence impacts, the
environmental consequences (e.g. swamp health and composition), and the
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mechanism by which impacts become consequences (e.g. swamp
hydrology).
The Panel’s view is that Option (vi) provides the way forward. It provides a way to
assess and manage the risk to individual swamps in the context of their regional
conservation significance and it allows mining to occur subject to some constraints.
The Panel’s position appears to be supported by the available information on the
history of mining under upland swamps in the Southern Coalfield. Whilst the claims
in the EA concerning swamps undermined successfully cannot be applied directly to
conditions in the HCPL Project Area, the Panel’s questioning of experts from
Government agencies, independent sources and the Proponent would support the
following conclusions:
•

a large number of swamps in the Southern Coalfield have been
undermined using a variety of methods;

•

some of these have been undermined by longwall mining;

•

apart from a headwater swamp in Dendrobium Area 2 which has been
drawn to the Panel’s attention on multiple occasions, no headwater
swamp appears to have been adversely affected; and

•

a number of valley infill swamps have been adversely affected and this
may be associated with mining.

These conclusions are consistent with the findings of the SCI.
However the Panel notes that there are some limitations to the information on which
these conclusions are based:
i. The estimates of environmental effect utilise visual estimates of swamp health.
This may be a valid approach, but to the Panel’s knowledge the technique has
not been published in a reputable refereed scientific journal and, as such, the
results must be treated with caution.
ii. For vegetation-based indicators (other than those associated with severe water
loss) there may be significant biological lags before an effect is observable.
iii. Direct observation and measurement of subsidence impacts in swamps using
conventional techniques is a difficult undertaking.
9.4.2.

Application of Preferred Assessment Approach to the Project Area

For conventional subsidence, the EA provides estimates of tensile and compressive
strains for all identified swamps in the Project Area. Because of the depth of cover,
relatively narrow width of the longwalls and the location of most swamps high in the
catchment on relatively flat terrain, these strains are predicted to be small and unlikely
to produce hydrological impacts on a scale that would lead to negative environmental
consequences. Cracking is expected to be minimal and any cracking that does occur
is predicted to be shallow. Fracture networks are also predicted to be localised and
unlikely to connect to groundwater aquifers. The sediment profile is probably
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sufficient to either seal or impede leakage to any cracks that do occur. Tilts are also
likely to be of little hydrological significance.
The above factors make it unlikely (but not impossible) that an individual swamp in
the HCPL Project Area could suffer negative environmental consequences from
conventional subsidence impacts and extremely unlikely that a significant number of
swamps in the Project Area could suffer such consequences. This conclusion doesn’t
mean that under different mining conditions (e.g. less depth of cover, wider longwall
panels) that the risk to individual headwater swamps would not be much greater. As
noted previously, a headwater swamp overlying a longwall in the Dendrobium Mine
area appears to have been impacted in this way.
The threat from non-conventional subsidence (valley closure and upsidence) is far
less clear. The EA essentially relies on the proposition that headwater swamps are
generally subject to minimal valley related upsidence and closure movements 58 and
that the swamps in the Project Area are all headwater swamps. The EA specifically
mentions one valley infill swamp (S21) that occurs in the area already mined, but
which may be impacted by future longwalls.
The validity of an approach that seeks to classify all upland swamps in the Project
Area as headwater swamps and then draws conclusions about risk based on this is
only valid if the classification is accurate. The EA uses vegetation survey analysis as
the basis for this classification, relying on the published descriptions of the occurrence
of particular vegetation associations in headwater and valley infill swamps. It follows
that the vegetation mapping must be at a sufficient level of resolution to capture the
differentiating characteristics for headwater and valley infill swamps across all
swamps in the Project Area.
The Panel doubts that the sampling intensity is sufficient to detect all key vegetation
associations in those swamps or parts of swamps that might be expected on their
likely geomorphology to have valley infill characteristics. There is also a concern that
a key vegetation community characteristic of valley infill swamps has been combined
with other communities in the assessment and its occurrence may thus be obscured
(i.e. Cyperoid Heath, which is included within the Sedgeland-Heath complex in the
vegetation mapping). Overall, the quality of maps in the EA related to swamps is
poor.
The Panel raised with the Proponent on several occasions the issue of the accuracy of
the claim that all swamps were headwater swamps. On each occasion, the Panel
received strong assurances that the swamps are headwater swamps, e.g. ‘there is no
evidence to suggest that upland swamps within the Project Area are composite or
transitional in nature’.
However, if some swamps in the Project Area described as headwater swamps have
predominantly valley infill characteristics at their lower ends and are thus potentially
vulnerable to the effects of non-conventional subsidence, then a significantly greater
level of assessment should have been applied to these swamps. This would have
resulted in predicted valley closure and upsidence impacts being available for the
58
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swamps, assessment of whether these might lead to hydrologic consequences,
assessment of the likelihood of any risk of environmental consequences, and any
options for dealing with these.
The EA does not provide this for any swamps in the Project Area. However, it does
note that:
There are three tributaries in the lower reaches of the Waratah Rivulet … which
contain relatively large upland swamps. … The swamps are oriented along the
sub-catchment valleys with moderate longitudinal slopes. They are elevated
above the Woronora Reservoir level. The swamps terminate at rock bar type
outcrops upstream of the plunge points where the creek bed descends via steep
chutes and waterfalls onto the Waratah Rivulet or Woronora Reservoir below
…’59
These swamps are not specifically identified.
The EA also states that:
predictions of valley closure were made for a number of headwater swamps
located in those drainage lines with the steepest valley profiles. A maximum
total closure strain of 8.9mm/m is predicted, which occurs at Swamp S2060.
Again, no further identifying details are provided in the EA.
These higher strains combined with the fact that the three identified swamps terminate
at rock bars must increase the risk of impacts on at least the lower reaches of the
drainage lines in which the swamps are located.
It is the view of the Panel that the assessment of potential impacts on upland swamps
in the Project Area leaves much to be desired. There is insufficient information in the
EA to identify areas within swamps that may have predominantly valley infill
characteristics with any level of confidence and there is no attempt to provide valley
closure and upsidence predictions for individual swamps despite the high levels of
strain recorded at some (unspecified) swamps (ie broth headwater and valley infill).
Faced with this unsatisfactory situation, the Panel sought substantial amounts of
additional information from the Proponent. Some of the additional information
provided identified the 22 swamps that MSEC considered could potentially be
affected by valley related upsidence and closure movements. These 22 swamps
represent a significant proportion (>18%) of the approximately 120 swamps in the
Project Area. On current knowledge, some of the predicted closure strains would be
sufficient to cause substantial impacts at these swamps.
Whilst it may be conceptually attractive to rely on the proposition that all swamps in
the Project Area are headwater swamps and that, based on the mine parameters, they
are not at risk from subsidence impacts, the Proponent has been unable to satisfy the
59
60

Page 34 of Appendix C of the EA
Page 97 of Appendix A of the EA

86

Panel that information presented in the EA is robust enough to support this
proposition.
The Panel notes that, if RMZs had been placed over all swamps and the process
suggested in Step 4 of Section 9.4.1 had been completed then this situation would not
have arisen. The Panel would recommend that the EA for any future mining proposal
in the Southern Coalfield be required to follow the entire process set out in
Section 9.4.1 in respect of upland swamps (ie both headwater and valley infill).
After careful consideration of all the material now available to it the Panel considers
that, for those swamps unlikely to be exposed to non-conventional subsidence
impacts, the risks of significant negative environmental consequences for an
individual swamp are low. However the information provided is not adequate to put
the matter completely beyond doubt and the Panel therefore recommends that mining
should be allowed to proceed under these swamps subject to rigorous monitoring of a
sample of swamps potentially affected by subsidence from the early longwalls. The
sample should be stratified if possible so that swamps with higher total strains are
sampled at a higher intensity. A review can be conducted at an appropriate point to
determine whether any changes are required. The Panel is also of the view that at
least three of the swamps identified as being exposed to non-conventional subsidence
impacts should be the focus of further attention before undermining is allowed to
proceed. These are swamps S76, S77 and S9261.
Application of the principles in Section 9.4.1 would require consideration of at least
the following approval conditions for swamps S76, S77 and S92:
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i)

To the satisfaction of the Director-General provide a comprehensive
assessment of subsidence impacts and possible negative environmental
consequences for each swamp arising from the proposed mining
activities including impacts from both conventional and nonconventional subsidence.

ii)

If risks of negative environmental consequences are present, conduct
an assessment to the satisfaction of the Director-General of the options
for managing these risks including possible strategies for avoidance,
mitigation and/or remediation. This assessment is to include
information on the approach, likelihood of success, costs and any other
relevant matter.

iii)

Implement the approved strategy to the satisfaction of the DirectorGeneral.

iv)

If the strategy approved under (iii) includes both undermining the
swamp and protection from significant environmental consequences,
design and implement an approved monitoring program for the area/s
of risk that, where relevant, will:

As noted on page 34 of Appendix C
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v)

•

detect any subsidence-related impact(s) from an approaching
longwall or undermining;

•

allow those impact(s) to be compared with predicted impact(s);

•

identify and measure any hydrologic consequences for the
swamp;

•

identify and measure any environmental consequences for the
swamp;

•

measure the success of any mitigation or remediation strategies
employed.

Where the impacts exceed those predicted and the approved strategies
under iii) are unsuccessful in preventing environmental consequences,
carry out such additional works as may be required to restore the
swamp hydrology and/or provide agreed offsets or other compensation
for the consequences.

This approach is not designed to provide a higher level of protection to Swamps S76,
S77 and S92 than that being afforded to other swamps in the Project Area. Depending
on the assessed level of risk, the extent of any likely consequences and the options for
managing these, it may well be possible to proceed with any planned undermining
without reaching the point where a decision must be made to either damage the
swamp or alter the mining parameters to reduce the impact.
The Panel considers that the risks to those parts of the three identified headwater
swamps in the Project Area that are exposed to potential impacts from valley closure
and upsidence can be managed successfully under the suggested approval conditions.
However, the Department may wish to consider whether it is satisfied that all swamps
in the Project Area that may be exposed to risk of significant consequences from nonconventional subsidence have been identified.
9.5.

RESEARCH AND MONITORING

The complex array of factors that influence the relationship between longwall mining
and negative environmental consequences for upland swamps is relevant to any
approach that might be taken for research and monitoring. It is abundantly clear to
the Panel (as predicated in the SCI report) that the knowledge base is extremely
limited with respect to prediction of the consequences of undermining individual
swamps.
The current approach to dealing with this appears to involve establishing elaborate
and expensive monitoring programs as part of conditions of approval for individual
projects with a view to gathering large amounts of information that might have some
relevance to both the specific swamp and swamps more generally. These programs
are funded by the Proponent, designed by the Proponent’s consultants, and the
information is usually collected, analysed and interpreted by the Proponent’s
consultants. Whilst there is Government agency oversight of this process and some
scrutiny of reports, it does not amount to a rigorously designed and executed set of
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studies that could be published in the scientific literature or provide the basis for a
meta analysis of the relationship between longwall mining and upland swamps.
The Panel is of the view that more needs to be done to improve the current situation
and this will involve both research and monitoring. In this context research and
monitoring have different functions.
Research needs to focus on five things:
i. The possible mechanisms for subsidence impacts on upland swamp hydrology
across a range of swamp types, terrain and mining operations. The objective is
to improve predictability of impacts on swamp hydrology.
ii. the relationship between changes in swamp hydrology and environmental
consequences. The two key issues here are severity and duration of the
hydrologic disturbance. Both are relevant to considering whether mitigation or
remediation measures might play a role in management of mining impacts.
iii. The possibilities of using remediation techniques and the circumstances in
which they may be applicable.
iv. Developing a suite of indicators that could form the basis of an accepted
stratified approach to monitoring impacts and consequences on upland swamps,
and
v. The value that the community places on both the catchment protection and
conservation roles of upland swamps.
Monitoring needs to focus on:
i. Using accepted techniques (indicators and sampling intensity) for an appropriate
number of swamps in a Project Area to confirm that the predictions are accurate
and that impacts above the predicted levels are identified and notified as they
occur, and
ii. Confirming that any mitigation or remediation measures implemented are
achieving their objectives.
Monitoring information can be used as part of the research effort, but it must be
designed in a way that the information can be analysed and interpreted as part of that
research.
The Panel recommends that a workshop on what needs to be done to improve the
knowledge base be held involving the relevant experts from Government agencies;
academics from conservation and mining disciplines; the consulting industry; and the
mining industry. The objective is to identify the existing state of knowledge and to
explore the prospect of a comprehensive approach to research and monitoring that
might prove to be more cost-effective than the present project-by-project approach
and might bring both greater certainty and increased speed to the approval assessment
process.
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10.0
10.1.
10.1.1.

TERRESTRIAL AND AQUATIC FLORA AND FAUNA
TERRESTRIAL ECOLOGY IMPACTS AND CONSEQUENCES
Introduction

There is a substantial amount of information in the EA and in some of the
submissions (particularly the DECC submission and supplementary submission) on
the potential impacts of the proposal on terrestrial flora and fauna. In the EA, this
material can primarily be found at Section 4 of Volume 1 and in Appendices E, F and
G. Generally the base information appears to be sound although, as indicated in
Section 9.4.2, it may not be capable of supporting some of the inferences drawn from
it by the Proponent. The Panel also notes that DECC’s original submission raised a
specific concern about the adequacy of surveys for water-dependent flora and fauna
(particularly rare species)62. DECC’s supplementary submission further expanded on
this. The Proponent disputed the original assertion in its ‘Response to Submissions’
annexed to the Preferred Project Report.
There are two significant issues for the Panel arising from the material:
•

whether there are risks of significant impacts on native species, habitats or
ecological communities from the mining proposal; and

•

whether there are risks that trigger action under legislation, in particular the
Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC
Act) or the Threatened Species Conservation Act 1995 (NSW) (TSC Act).

10.1.2.

Risks to Native Species, Habitats and Ecological Communities

There were strongly held views expressed at the Public Hearings by some
Government agencies, conservation groups and members of the public concerning the
value of the habitats in the Project Area and that there should be a no risk approach
adopted to damage from mining, particularly for those habitats considered to be of
high conservation value. This includes incised valleys and their creeks and streams,
upland swamps and the endangered Southern Sydney Sheltered Forest on Transitional
Sandstone Soils.
Part of the concern was based on the view that the Project Area lies largely within the
SCA Special Areas and that this should afford a very high level of protection from
threats other than those associated with water supply infrastructure and operations.
The argument is that the primary purpose for the Special Areas is water supply and
this is dependent on maintaining the integrity of the ecosystems in these areas.
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In the same context, the supplementary submission from DECC identified that listing
of swamps in the Woronora Plateau under the TSC and EPBC Acts has not been
pursued to date because the swamps were considered to be adequately protected by
being located in the Special Areas or in conservation reserves63. A case is made for
listing under these Acts based on the key listing criteria.
Commenting on the conservation status of the Special Areas is outside the remit of
this Panel. However, the issue was raised both in submissions and at the Public
Hearings and, in that context, it is appropriate that government be made aware of it.
If the status of the Special Areas is put to one side, the focus becomes whether there
will be impacts from the current proposals on the species and habitats in the Project
Area.
There are several sources of potential impacts on terrestrial species and habitats in the
Project Area apart from those induced by subsidence. They include surface
disturbance, importation of feral species or diseases and increased risk of fire. They
are covered adequately in the EA and would be expected to be the subject of controls
in a Flora and Fauna Management Plan (FFMP).
The key issue is whether the potential subsidence impacts will have negative
consequences for species and habitats in the Project Area. The potential impact on
upland swamps has been dealt with extensively in Section 9.0. The Panel’s
conclusion was that, as a system of habitat units, swamps in the Project Area were
extremely unlikely to suffer significant negative environmental consequences even if
limited subsidence impacts were experienced at some individual swamps.
The Panel’s conclusions in relation to other habitat types are similar: whilst there may
be isolated instances or areas where consequences occur, the likelihood of these
consequences being on a scale sufficient to threaten a habitat type in the Project Area
is extremely remote. The main reason the Panel can arrive at these conclusions is that
the parameters for this particular mine are such that predicted subsidence impacts over
a large part of the area are low.
The Panel considers that the likely impact on individual protected flora and fauna
species will generally follow the same pattern as the likely impact on habitats. The
only caveat to this is where a species may be rare and its occurrence confined to one
or a few units of the habitat type within the Project Area. Negative environmental
consequences for the habitat unit (of itself not significant in terms of overall security
of the habitat type) could then produce a negative species outcome that was highly
significant.
Nothing of substance was presented to the Panel to suggest that any individual species
other than those already on statutory schedules would be at risk from the mining
proposal, although it is clear that some individual members of a species may suffer
consequences from localized impacts.
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10.1.3.

Statutory Protection Considerations

The EA lists multiple Acts designed to protect species and habitats that could
potentially affect the proposal. However, only two of these warrant comment by the
Panel: the EPBC Act and the TSC Act.
10.1.3.1. EPBC Act
Substantial work was done by the Proponent to investigate the status of species listed
under this Act in the Project Area. On the basis of this information the
Commonwealth advised the Proponent in February 2009 that the project did not
represent a ‘controlled action’ under the Act.
Although this decision concludes consideration of the listed species under the EPBC
Act, it is important to note that there are substantial overlaps in species and habitat
types between the listings in the EPBC Act and the TSC Act. For those species likely
to occur in the Project Area, a table showing the species and their status under both
Acts is included in the DECC submission64. Similar tables are included in the EA.
10.1.3.2. TSC Act
A number of activities associated with underground longwall mining are identified as
key threatening processes under this Act as well as the catch-all process of ‘longwall
mining (habitat change)’. One Endangered Ecological Community (EEC) listed
under this Act (Southern Sydney Sheltered Forest on Transitional Sandstone Soils in
the Sydney Basin Bioregion EEC) occurs in the Project Area and surrounds. The EA
argued that the terrain occupied by this EEC combined with the mine parameters
would mean that subsidence impacts would be minor and isolated and insufficient to
alter the hydrological processes on which the EEC depends. This position was not
seriously disputed by the Government agencies or other submitters.
The threatened flora species recorded during surveys for the proposal are included in
Tables 4 to 8 in the EA65. There are four confirmed species and two listed as
‘unconfirmed’ on the basis that fruiting and flowering parts were not available to
separate them from close relatives. The quality of specimens provided for
identification was criticised by the Royal Botanic Gardens66.
The EA presents the position that none of the threatened flora species found during
the survey are likely to be significantly affected67. This was not disputed in either of
the submissions by DECC, although the comment was made that the Project Area is a
stronghold for Prickly bush-pea (Pultenaea aristata).
The Panel’s conclusion based on the information provided in the EA, in submissions,
at the public hearings and in response to supplementary requests to the Proponent is
that none of the flora species recorded for the Project Area and listed in the TSC are
likely to be significantly impacted by the Project and that any risks that might emerge
64
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to specific sub-populations (e.g. of Bynoe’s Wattle (Acacia bynoeana)) can be dealt
with adequately by the Flora and Fauna Management Plan.
Threatened fauna species recorded for the Project Area during surveys for the
proposal are included in Tables 4 to 10 of the EA68. Of the thirteen recorded species
listed under the TSC Act only the Eastern Ground Parrot (Pezoporus wallicus
wallicus) is considered by DECC to be of the highest conservation priority in the
Greater Southern Region (DECC 2007 Terrestrial Vertebrate Fauna of the Greater
Southern Sydney Region), although three other species (Broad-headed Snake –
Hoplocephalus bungaroides, Squirrel Glider – Petaurus norfolcensis, and Largefooted Myotis – Myotis macropus) are regarded as high priority.
Diggings were recorded during the survey that could have belonged to one or more of
three species. Two of these species (Southern brown Bandicoot – Isoodon obesulus,
and Long-nosed Potoroo – Potorus tridactylus) are also on DECC’s highest
conservation priority list. The Panel is unable to draw any conclusions in relation to
the diggings and it is not clear what, if any, additional work was done to identify
which species was responsible. However, the Proponent has provided an evaluation
of possible impacts for the two listed species based on possible occurrence and these
evaluations indicate that the project is unlikely to produce increased risks for them,
even if they are present.
The main focus of attention in submissions and at the Public Hearings was on the
Eastern Ground Parrot. Surveys undertaken for the proposal ‘re-discovered’ this
parrot at two upland swamps in the Project Area (see Figure 5 in Appendix G of the
EA). Although the species was once numerous on the Woronora Plateau, frequent
burning regimes were introduced after the 1968 bushfires and the species was thought
to have disappeared from the region.
The species range extends from South-Eastern Queensland to Tasmania, with strong
populations in both Victoria and Tasmania (hence it is not listed under the EPBC
Act). Its status in NSW is vulnerable, with only three isolated populations known.
The primary habitats for this species are upland swamps and dense heathlands. The
three sightings recorded for this proposal were in two upland swamps on the Project
Area69. Mine-related negative consequences for this species could come from
subsidence impacts via their impact on swamps and from any surface-related
activities that disturbed swamps, increased the risk of fire, or introduced predators.
The potential for subsidence-related impacts on swamps has already been dealt with
in Section 9.0. Basically, it is difficult to see how the remnant population (assuming
this is what it is) can be impacted from this source unless the predicted subsidence
impacts provided by the Proponent are so much in error that a high proportion of
swamps suffer significant negative environmental consequences and the remaining
swamp habitat will not support the population. A scenario of this kind would also
increase the risk of fires which are another source of potential impact on the ground
parrot.
68
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The EA argues cogently that the surface-related activities are unlikely to increase the
risks for this species and the Panel accepts this.
The DECC submission requests that further survey and population monitoring work
be required for this species and notes that the techniques used for this purpose at
Barren Grounds Nature Reserve may be appropriate. The Panel recommends that the
survey and population monitoring work requested by DECC be included in any
approval conditions. The Panel is of the view that the proposed approval conditions
relating to swamps in Section 9.4 will provide an adequate level of habitat protection
and the FFMP should be able to deal adequately with the surface-related risks from
mining.
10.2.
10.2.1.

AQUATIC ECOLOGY IMPACTS AND CONSEQUENCES
Introduction

As part of the EA, baseline aquatic ecology surveys were conducted in Spring 2006
(streams) and Summer 2007 (Woronora Reservoir). These resulted in a bio-physical
description of the river and tributary system including a description of the aquatic
macrophytes, macroinvertebrates and fish communities70. DECC has questioned the
sampling methodology and noted that other data (e.g. from SCA, DECC, Marine
Pollution Research 2003-2005, Ecology Lab 2005-2006) was not reported in the
EA71.
The Proponent identifies a number of potential threats to aquatic dependent species
but in all cases concludes that the likely impact of the project is low. On the other
hand, in its submissions, DECC concluded that the Project could lead to major
changes in species composition and hence loss of genetic variability and, in extreme
cases, localised species extinctions.
10.2.2.

Hydrological Impacts

The EA acknowledges that changes in hydrology resulting from mining can increase
the frequency of no flow days and low flow days, lead to some pools drying out in
low flow periods and also has the potential to impact on stream water quality. In
Waratah Rivulet, typical underflow via the fracture network is expected to increase
the average frequency of no flow days as a result of the Project from 2% to 15% and
increase the average frequency of low flows (less than 2 ML/day) from 36% to 40%
of days. Drying of pools and increased frequency of no flow and low flow days alters
habitat availability and decreases habitat connectivity within the stream systems.
DECC also expresses concerns about habitat fragmentation.
Both DECC and the EA note that alteration of the natural flow regimes of rivers and
streams and their floodplains and wetlands is recognised as a major factor
contributing to loss of biological diversity and ecological function in aquatic
70
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ecosystems and has been listed as a Key Threatening Process by the NSW Scientific
Committee.
10.2.3.

Water Quality Impacts

According to the EA, localised and transient changes in some metal concentrations
(iron, manganese and to a lesser extent aluminium) occur following fresh cracking of
the stream bed72. In the Waratah Rivulet, large areas of the substratum have
sometimes been observed to be covered by iron flocs for several hundred metres
downstream of mine subsidence fractures. Potential ecological effects of such flocs
are reported to include smothering of benthic habitat and biota and reduced light
available for aquatic plants. The bacterially catalysed oxidation of iron also consumes
dissolved oxygen (EA Appendix D). DECC reports that aquatic organisms are highly
sensitive to changes in ion concentrations in the environment and such changes can
significantly impact on fish and other wildlife.
10.2.4.

Macroinvertebrates

The EA reports that abundant macroinvertebrate taxa were sampled in the Project
Area including Atyidae (shrimps), Leptophlebediiae (mayflies), Ceinidae
(amphipods), Leptoceridae (caddis flies), Dytiscidae (beetles), Libellulidae
(dragonflies) and Physidae (gastropods). Data collected from reference locations
without mining show similar patterns in richness and abundance of macroinvertebrate
assemblages through time. The EA concluded that localised impacts on assemblages
of aquatic macroinvertebrates are likely to occur as a result of changes in aquatic
habitat but the Project is unlikely to have any significant long-term impacts on
assemblages of macroinvertebrates in the rivulet and the tributaries. On the other
hand, DECC’s concern about water quality impacts, connectivity, habitat
fragmentation and loss of genetic diversity has lead to the view that it is likely that the
Project will have significant impacts on a wide-range of species.
10.2.5.

Macrophytes

Fifty-four species of macrophytes were located during the surveys for the EA.
Relatively low macrophyte species diversity is reported. Based on the response of
macrophyte communities to existing mining the EA concluded that the Project is
unlikely to have a significant impact on the composition or distribution of aquatic
macrophytes.
10.2.6.

Fish

The diversion of some surface water flows to sub-surface fractures has the potential to
reduce available habitat for fish and connectivity along sections of the stream channel,
impeding fish passage. However given the depauperate fish fauna assemblage and the
presence of the Woronora Reservoir, the Proponent concludes that it is unlikely that
the Project would further significantly impact on fish fauna within the Project Area.
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10.2.7.

Threatened and Rare Species

No threatened aquatic biota listed in the schedules of the Threatened
SpeciesConservation Act, 1995, Fisheries Management Act, 1994 or Environment
Protection and Biodiversity Conservation Act, 1999 are known to occur in streams
within the proposed mining area or in the Woronora Reservoir. However DECC
identifies water dependant species of particular note to include the Giant Burrowing
Frog, Red Crowned Toadlet, Littlejohn’s Tree Frog, Sydney Hawk Dragonfly and
Platypus and points out that a number of other species such as the freshwater spiny
crayfish Euastacus have recently been shown to have very restricted populations on
the Woronora Plateau.
10.2.8.

Riparian Vegetation

The degradation of native riparian vegetation along NSW watercourses is listed as a
key threatening process under the Fisheries Management Act, 1994. However the EA
concludes that it is unlikely that stream water level changes as a result of mine
subsidence would disturb riparian vegetation to the extent that its role would be
adversely impacted.
10.2.9.

Conclusions

The Panel has had difficulty reconciling the opposing positions of the Proponent and
DECC on this issue and proposes that at least some of the differences result from
inadequate description of the likely severity and extent of the predicted impacts in
Waratah Rivulet and particularly in other waterways in the Project Area. The Panel
concludes that the hydrologic and water quality changes that are described as a
consequence of the project are likely to lead to changes in water dependent plant and
macroinvertebrate communities but is unable to reach a clear judgement on the
significance or the importance of those changes.
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11.0

ABORIGINAL HERITAGE IMPACTS AND CONSEQUENCES

The impacts and consequences of mining on Aboriginal heritage within the Project
Area were raised in a number of submissions and presentations to the Panel and,
therefore, were considered by the Panel to fall within its ToR. This is consistent with
the SCI which concluded that Aboriginal heritage contributed to the significance of
natural features in the Southern Coalfield and, therefore, fell within its ToR.
The Aboriginal Cultural Heritage Assessment (ACHA), Appendix H, prepared by
Kayandel Archaeological Services (KAS) has identified 188 Aboriginal heritage sites
within the Project Area, of which 142 sites are sandstone overhangs and the remainder
are open sites. Art and/or artefacts are associated with almost 83% of the sandstone
overhangs and grinding grooves are associated with some 98% of the open sites.
Appendix A (MSEC285) refers to the sites as ‘archaeological sites’ and notes that
some relate to previously approved Longwalls 18 to 19A. Appendix A also notes that
an additional 61 sites would be added if the recommendations of the SCI were
adopted to include identification and assessment of natural features located within
600m of the edge of the proposed longwall panels. According to the ACHA, all
Aboriginal heritage site types recorded with in the Project Area are represented
elsewhere on the Woronora Plateau.
The ACHA has ranked the significance of the sites on the basis of four criteria,
namely scientific, aesthetic, social and historical. Nine sites were deemed to be of
high archaeological significance, 23 of moderate significance and 156 of low
significance. Five of the sites are listed on the Register of the National Estate, only
one of which fell within the highly significant rating.
In its submission to the Panel, DECC contended that the assessment of significance of
the recorded sites has not been evaluated against any assessment criteria. The
proponent responded by requoting the archaeological assessment criteria recorded in
Appendix H73. In its Supplementary Submission74, DECC reiterated that there are
sites of particular importance to Aboriginal culture in the Project Area where damage
from mining operations is not acceptable and that the Aboriginal community, not
DECC, should determine the cultural significance of sites. These exchanges appear to
be at cross purposes. One is couched in terms of archaeological significance and the
other in terms of cultural significance.
In any event, Appendix H records that 10 Aboriginal stakeholder/groups participated
in the ACHA and that consultation resulted in the identification of a number of the
188 sites of archaeological significance as also being of specific cultural interest to
some Aboriginal community representatives. No correlations have been drawn in the
EA between the two categories but it appears that FRC 12 is the only highly
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significant archaeological site that is also of specific Aboriginal cultural interest75.
The Panel notes the advice, however, that the Aboriginal community has indicated
that all Aboriginal heritage sites (both known and unknown) when considered
collectively as a ‘bundle’, are culturally significant. It also notes that the proposed
Aboriginal Heritage Management and Mitigation Plan will address both
archaeological and cultural sites of significance.
The subsidence assessment for the sites presented in Appendix A presents an
overview of conventional subsidence effects that could impact the sites. The
assessment is generic in nature, with subsidence predictions specific to each
Aboriginal heritage site being provided in Appendix H. Neither Appendix provides
an analysis of non-conventional subsidence effects, albeit that some open sites are
located in or close to drainage lines76 and location plans show a number of sites to be
associated with watercourses77. The Panel consides that this does not constitute an
adequate degree of assessment for an EA. On this occasion, it has undertaken its own
analysis in order to progess the review process.
The EA reports that monitoring of approximately 41 Aboriginal heritage sites subject
to longwall mining has been undertaken between 1995 and 2008 at Metropolitan
Colliery. Of these, 21 had maximum predicted tensile or compressive strains greater
than 0.5mm/m and/or 2mm/m respectively78. Change was identified at six sites.
Whilst not part of a specific monitoring program, it is reported that the collapse of two
wet overhangs has also been observed, one containing aboriginal artefacts and
archaeological deposits but no artwork. Of the 142 sandstone overhangs in the
Project Area, 51 are predicted to be subjected to tensile strain exceeding 0.5mm/m.
The subsidence assessment concludes that:
•

It is possible that the maximum predicted systematic and valley related
movements could result in some fracturing of the exposed sandstone at
open archaeological sites.

•

Some open sites are located in or close to drainage lines, and therefore
have a higher risk of fracturing.

•

It is possible that the maximum predicted systematic tensile strain could
result in fracturing of sandstone. Where fracturing is coincident with an
overhang, it is possible that there could be an isolated rock fall as the result
of mining, or in the extreme case, collapse. Where the overhangs are
located in valleys, they would also be subjected to valley related upsidence
and closure movements.
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•

The predicted compressive strains from valley closure along the Waratah
Rivulet act perpendicular to the alignment of the rivulet and are, therefore,
perpendicular to many of the cliffs and overhangs. This reduces the
likelihood of instability due to upsidence and closure.

The Panel recognises that it may not be feasible to characterise and undertake an
impact and consequence assessment of every Aboriginal heritage site at such an early
stage in project development. However, characterisation of the more significant sites
is essential to the approval process. The Panel considered the EA to be deficient in
respect of characterisation of such sites and the assessment of subsidence impacts on
them. Accordingly, it requested the proponent to undertake a specific assessment of
each of the nine highly significant sites (3 open sites, 6 sandstone overhangs), having
regard to assessment criteria recently adopted in another mining approval79. This
request resulted in more detailed descriptions of the sites which aided informed
decision making. However, impacts were poorly quantified, being classified as either
negligible risk, very low risk, or low risk80. These types of terms are open to
interpretation and suggest value based judgements. The Panel consides that the
available information does not provide an adequate basis for assessing the probability
of the sites being impacted by subsidence.
The SCI identified similar concerns regarding the qualitative nature of subsidence
evaluations in general in environment assessments. The DECC submission to the
Panel raised a number of more specific issues in this regard relating to establishing a
quantitative link between subsidence impacts and consequences to Aboriginal sites
and to the back analysis of actual versus predicted effects and impacts on recorded
Aboriginal sites.
The revised mine layout associated with the PPR results in four (FRC32, FRC62,
FRC195 and FRC322) of the nine very significant Aboriginal heritage sites now being
located over an area which will not be subjected to longwall mining. No subsidence
assessment has been produced for the Preferred Project Plan (PPP) and so the extent
to which it will reduce subsidence impacts at these sites is unknown. However, based
on the limited information available to the Panel, it appears that the revised mine plan
is amenable to controlling impacts at these sites through adaptive management
practices. The remaining five sites comprise one open site and four sandstone
overhangs. Prior to production of the PPR modification of the mine plan, three of
these sites had been assigned a negligible risk impact rating and the remaining two
had been assigned a low risk rating81. The Panel is unaware of whether these risk
ratings are altered by the PPP.
The PPR contains new information in that:
The observed rate of subsidence effects to date is that up to 10% of sites
experience an effect such as cracking, accelerated weathering or blockfall.
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The terms effects and effect should rightly refer to impacts. The observed rate of
subsidence impacts (10%) appears higher than the estimate advised earlier to the
Panel of up to 10 of the 188 sites having some subsidence related ‘effect’82. The PPR
states that of the 188 known sites, approximately 26 sites would be located above
sterilized coal in Areas A1 and A2 and that sites located above sterilised coal would
be generally expected to experience some reduction in subsidence effects. The Panel
concurs with this, noting that there is no guarantee that Area A2 may not be
undermined in time to come. However, in the absence of a subsidence assessment, it
is unclear as to why only up to 3 of these sites may avoid potential impacts such as
cracking ...It questions why this number might not be much greater if the sites are not
undermined. The alternative proposition is that the proportion of undermined sites
impacted by subsidence must be quite high.
The premise that 10% of all Aboriginal heritage sites (undermined and not
undermined) are impacted by subsidence leads to the conclusion that one highly
significant site is likely to suffer cracking, accelerated weathering or blockfall. Taken
at face value, this does not appear to correlate with the negligible to low impact risk
ratings assigned to these sites. However, it might in practice given that the risk
ratings were based on physical characterisation of each site.
In respect of the Metropolitan Coal Project, the Panel concludes that:
•

There is a need to better quantify the physical attributes of Aboriginal
archaeological sites, with particular regard to shape, dimension, structure and
composition.

•

Some sites of Aboriginal heritage and cultural significance are likely to be
impacted by the Metropolitan Coal Project.

•

Based on analysis contained in the original EA, the PPP is likely to result in a
considerable reduction in overall risk to highly significant Aboriginal heritage
sites, but this needs to be confirmed by a subsidence assessment of the PPP.

•

Project approval should be conditional on the production of a new subsidence
assessment for the PPP that incorporates an assessment of mining impacts and
consquences related to Aboriginal heritage.

•

If the project proceeds, approval conditions need to incorporate provision for
monitoring all highly significant sites for the purpose of comparing predictions
of effects and impacts against measured effects and impacts and implementing
mitigation and remediation measures where practical.

In general, the Panel concludes that the assessment of Aboriginal heritage sites in the
EA and the submissions related to this assessment reinforce the findings of the SCI
that:
• Subsidence impacts assessments have in general focused too much on the
prediction of subsidence effects and have not paid sufficient attention to
subsidence impacts and consequences.
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•

There has been insufficient back analysis of monitoring results against
predictions to validate or challenge prediction methodologies.

•

There is a need for increased quantification and focus in describing anticipated
subsidence impacts and consequences.
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12.0

CLIFF AND OVERHANG IMPACTS AND CONSEQUENCES

Appendix A of the EA reports that the cliffs and overhangs within the Project Area
are generally located along the alignment of the Waratah Rivulet. Whilst MSEC has
defined a cliff as a continuous rock face having a minimum height of 10m and a
minimum slope of 2 to 1, MSEC285 also lists some cliffs and overhangs that are less
than 10m in height because MSEC considers that they may also be sensitive to
subsidence effects. The Panel supports this approach. MSEC285 goes on to report
that:
Away from Waratah Rivulet, the potential for significant cliffs and overhangs
reduces with distance as the higher points in the topography are approached.
However, the potential for rock features still exists. Where relevant, such
features have been noted in other specialist studies being prepared in support
of the Metropolitan Coal Project Environmental Assessment
The Panel questions why these features should not have been included in the
Subsidence Assessment Report. It reinforces another finding of the SCI, namely that
there is a need for increased communication between subsidence engineers and
specialists in ecology, hydrology, geomorphology etc.
Appendix A of the EA presents a review of field experience in undermining cliffs and
overhangs which confirms the difficulties in currently predicting subsidence impacts
on these features. It adopts a more probabilistic approach by concluding that based on
this field experience:
the lengths of potential cliff instabilities along the cliffs and overhangs,
resulting from the extraction of Longwalls 20 to 44 are, therefore, expected to
be less than 3% of the lengths of these cliffs and overhangs.
This estimate is considered reasonable on the basis of experience to date at both
Metropolitan Colliery and elsewhere.
The probabilistic approach goes some way to quantifying impact on cliff lines.
However, it provides limited insight into which specific cliffs and overhangs may be
more vulnerable to experiencing impacts, the scale of impacts in absolute terms
(metres of impacted cliff line), the spatial density of impacts, and what the specific
consequence of these impacts might be. For example, in Appendix A, Table 2.2
characterises the physical form of cliffs and overhangs to some extent and Fig 2.3 to
Fig 2.6 show a variety of cliff forms. However, there is no discussion of the
sensitivity of these various cliff forms to subsidence impacts.
The Panel appreciates the difficulties in predicting subsidence impacts and
consequences in respect of cliff lines and overhangs. However, its inspection of the
Project Area suggested that there was a range of significance and vulnerability
associated with cliff lines and overhangs, with some features and areas being more
susceptible to impact and more sensitive to consequences. Therefore, whilst
accepting the reasonableness of impacts predictions in the EA, the Panel considers
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that there is considerable scope for improving the quantification of both impact and
consequence predictions in the Project Area. It recommends that:
• The updated subsidence assessment for the PPP be required to provide more
detailed, site specific characterisation of the cliff lines and their vulnerability
to subsidence impacts than that reported in the EA.
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13.0

SITE WATER MANAGEMENT

The current and proposed mine water management systems are described in
Section 2.9.3 and in Appendix C of the EA.
The Panel has specific concerns with regard to the mine water balance and the
likelihood of a system surplus as a result of potentially higher groundwater seepage
than predicted (and accounted for) in the EA.
Surface water management in the pit top facilities area involves on-site collection and
treatment of water for re-use. Sources include rainfall runoff from infrastructure areas
which is subject to climate variability, and water pumped from underground
operations as groundwater seepage and moisture in coal. The total volume derived
from these sources, while apparently not measured, is understood by the Panel to be
less than 55 ML/year – the mine is reported to be dry. In order to process run of mine
coal to product coal, HCPL will require approximately 418 ML/year. Other activities
will consume a further 395 ML/year83 giving a total water consumption of
813 ML/year. Make up water totalling about 868 ML/year is currently sourced from
rainfall runoff (in the pit top area), interception and diversion from Camp Creek
(weir), a rail tunnel, and Helensburgh town water supply.
Surplus water is managed and discharged off site in accordance with Environment
Protection Licence (EPL) No.767. This EPL has limits on discharge water quality but
is unlimited in regard to volume. HCPL treats water prior to discharge off site.
Future groundwater contributions to the mine water system are reported by the
proponent to average 55 ML/year84. However this contribution has been revised
upwards subsequent to aquifer systems re-modelling, and is now predicted by the
proponent’s preferred groundwater model to rise from 146 ML/year at the
commencement of longwall panel 20 to 1277 ML/year at the completion of mining.
These increases and their impacts on the water management system are not reported
in the PPR and are poorly addressed in subsequent correspondence. HCPL simply
propose to manage any increases by reducing the contributions from Camp Creek, the
rail tunnel, and town water supply. While this may be appropriate during the early
years of mining, the Panel notes a potential need for increased water storage on site
since there is currently only 0.6 ML of storage with a further 1 ML proposed.
Adherence to this storage capacity for the predicted increases in groundwater make
may lead to a significantly increased number of discharges off site.
The Panel regards both the information on future site water management and the
Proponent’s response as inadequate. It recommends that, if the Project proceeds, the
approval conditions contain at least the following:
(i)

83
84

that a comprehensive review of site water management be conducted to the
satisfaction of the Director General that covers the various stages in the
development of the mine. The ToR for this review should be framed in

EA Appendix C, Table 7
Ibid
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(ii)

(iii)

consultation with DECC and the review should be completed within 18
months of project approval;
that the Environment Protection Licence be reviewed on the basis of
information from (i) above, focussing in particular on whether an
unlimited volume discharge remains appropriate in light of the revised
mine water make estimates; and
that after assessing the review report, any required infrastructure
improvements be incorporated within the mine’s Water Management Plan.
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14.0

OTHER COLLECTIVE FEATURES

The ToR for the Metropolitan Coal Project Panel include a requirement to identify
and comment on any other significant issues raised in submissions regarding the
Metropolitan Coal Project or during the public hearings. The Panel in respect of
subsidence acknowledges that some submissions included reference to the following
features and structures reported upon in the EA:
•
•
•
•
•
•
•
•
•
•
•
•

Garrawarra Complex
Railways
Roads
Bridges
Water, gas and sewerage services
Electrical services
Telecommunications
Farm land or facilities
Survey control marks
Houses
Swimming pools
Other items of historical or heritage significance.

There is a large experience base of predicting subsidence effects on these types of
structures and managing impacts and consequences accordingly by avoidance,
mitigation and remediation measures. The Panel is not aware of any critical elements
that could not be managed effectively through the existing regulatory processes and,
therefore, does not regard these features as significant in respect to its ToR. The
situation is similar in regards to dust and noise.
Coal and coal reject transport by road was also raised in a number of submissions and,
likewise, the Panel considers that this issue can be managed effectively through
existing regulatory processes. However, the Panel has concerns arising out of its site
inspections regarding the hazardous nature of the intersection of Park St and the
entrance to Metropolitan Colliery. It recommends that this matter be addressed in
Approval Conditions if the Project proceeds.
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15.0
15.1.

ECONOMIC AND SOCIAL ASSESSMENT
THE ENVIRONMENTAL ASSESSMENT ANALYSIS

The EA presents two forms of socio-economic assessment of the Metropolitan Coal
Project. The first considers the impact of the project on social welfare through a cost
benefit analysis (CBA) while the second uses a regional economic impact model to
predict changes to the structure of the regional and state economies, including
employment effects.
The two approaches have different purposes. The CBA investigates the economic
efficiency of the option to proceed with the project relative to the situation if the
project was not permitted to go ahead. The Impact Assessment (IA) model allows for
the consideration of the overall size and composition of the changes the project would
impose on the economy at different scales. The CBA provides a basis for decision
making that rests in the well-established principles of welfare economics and is the
tool of assessment most widely used internationally for the type of choice being
considered by the Panel. The IA modelling approach allows for the assessment of
distributional issues in so far as it depicts the compositional changes resulting from
the proposed project. That is, levels of changes in rates of employment can be
considered along with ‘stress’ points in the structure of the economy.
Both analyses present results that are supportive of the project. The CBA estimates
the net production benefits of the mine (in present value terms at a 7% discount rate)
to be $592m. Costs are estimated to be $156m, comprising predominantly payments
made for the purchase of emissions permits relating to operational releases of
greenhouse gasses. This analysis does not, however, incorporate the environmental
costs associated with surface damages relating to mine subsidence/upsidence. The
EA frames this missing information as a threshold value question:
if the value of surface environmental damage is judged to be less than the
$436m mining net benefit, then the mine should proceed.
The question that remains is therefore whether or not the environmental damages are
in excess of the $436m mining net benefit.
15.2.

ESTIMATING ENVIRONMENTAL COSTS

To address that question, supplementary analysis was conducted by the Proponent
using a non-market valuation technique – Choice Modelling – to estimate the
environmental damages predicted to be caused by the mining proposed. The results
of that study were in the form of per unit costs for each of the three environmental
impacts:
1. length of stream damaged
2. area of upland swamps damaged; and,
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3. items of aboriginal heritage damaged.
These per unit costs were estimated for the ‘average’ respondent household that
participated in the Choice Modelling survey.
To estimate the total environmental costs due to the mining operation, the per unit
environmental impact costs were each multiplied by the number of units by which
each impact is predicted to change. Hence, the cost per kilometre of rivulet affected
by mining was multiplied by the number of kilometres predicted to be affected. These
effects were predicted by the Proponent. With the total costs per average survey
respondent so calculated, extrapolation to include the whole state’s population was
then carried out on the assumption that the survey respondents were representative. In
this way, the present value of the environmental costs of the mine was calculated to be
$145m85.
The conclusion drawn from this analysis is that the project as proposed will provide
the people of NSW with a net improvement in social welfare. The $145m
environmental costs are less than the $436m mining net benefit and so the ‘threshold
test’ for approving the mine proposal is passed. In other words, the benefits to society
from mining the coal are greater than the costs society would have to endure as a
result of the environmental damage. The extent of that net benefit is estimated at
$291m ($436m - $145m).
15.3.

ESTIMATING SOCIAL COSTS

This result is supported by further analysis undertaken to estimate the social impacts
of mining. The same choice modelling exercise used to estimate the environmental
damages associated with the project was used to estimate the social costs associated
with mine closure ($756m)86. These costs are taken to be benefits of the continuation
of mining as proposed, using the logic that avoiding a cost of mine closure is a benefit
of the mine continuing. With these benefits of the proposal incorporated, the net
impact on the welfare of the society is estimated at $1047m ($291m + $756m).
The results of the IA are similarly supportive of the proposal. Foregoing the project
would mean 700 direct and indirect jobs lost to the region and 1951 such jobs lost
across the state. Business turnover would be reduced by $372m in the region and
$687m across the state. Other negative consequences would be felt in terms of lost
community infrastructure such as housing, schools and hospitals. The Panel noted
that these results do not take into account potential for the regional and state wide
economies to adapt to the changes associated with earlier mine closure. However, the
Panel accepts that the contribution of the mine to the local economy is significant and
that there would be substantial costs of adjustment associated with early mine closure.
These adjustment costs are not accounted for in the IA. They may include monetary
costs associated with re-training of the workforce and relocation expenses. They may

85

The environmental cost estimate used here ($145m) is derived from the Conditional Logit choice
model rather than the Nested Logit model ($143m) to allow the use of confidence intervals later in this
section.
86
Estimate based on Nested Logit Model
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also include costs such as those relating to increased crime incidence, marital
breakdowns and stress-related health issues.
15.4.

EVALUATION OF THE ECONOMIC AND SOCIAL ASSESSMENT

It is the view of the Panel that both the CBA and the IA in the EA are of a satisfactory
standard. The studies have been conducted professionally and their results presented
clearly and succinctly. By going beyond the initial ‘threshold value’ approach in the
CBA to conduct a Choice Modelling application to estimate the costs associated with
the projected environmental damage, the Proponent has provided a much greater level
of information regarding the trade-off between coal mining and the environment than
has previously been available. Furthermore, the Choice Modelling provides insights
into the values held by the general public for these environmental impacts. This
affords the Panel and the NSW Government a better perspective on public attitudes
regarding this issue.
The Panel, however, has some reservations regarding the results of the CBA that
require more detailed examination of the situation. The nature of these reservations
requires the use of sensitivity analysis to determine how robust the CBA results are to
variations in some key underlying assumptions used in the development of the
analysis. The future is not known with certainty and it is therefore important to
understand how assumptions regarding the future affect the CBA outcome. Similarly,
variations in the cost and benefit value estimates used occur because they are derived
using statistical procedures. The impact of these variations is also important in any
assessment of a CBA for policy purposes.
Sensitivity analysis involves observing how the overall CBA result varies with
changes in the component values. A number of these component values were
explored by the Panel.
15.5.

SENSITIVITY TESTING: CHOICE MODELLING ESTIMATES

First, the Panel recognised that the values estimated for the environmental damages
associated with the mine were derived from a Choice Modelling exercise in which a
sample of NSW residents were asked to choose between alternative mine
management futures.
From the residents’ choices, monetary estimates of
environmental damage costs and social benefits from mine operations were estimated
as mean values with associated standard deviations.
The Panel recognised that the use of Choice Modelling – one of the so-called ‘stated
preference techniques’ of non-market valuation - to estimate these values means that
there are numerous factors embedded in the application that will have an impact on
the size of the value estimates. For instance, concerns have been raised in past policy
applications of such stated preference techniques that they cause an over-statement of
environmental values. These concerns relate primarily to the hypothetical nature of
the questions asked in a stated preference questionnaire. Because survey responses
relate to behavioural intentions rather than observed actions, the incentive can be for
respondents to overstate their willingness to pay to avoid environmental damage.
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Much of the research effort in the development of stated preference techniques over
the past 20 years has been directed at overcoming this source of potential bias.
Furthermore it is acknowledged that the context of the choices made by Choice
Modelling respondents has an effect on value estimates. For instance, if the context
of the choice is described so that the number of substitutes available for the
environment being damaged is exaggerated, there is a potential for under-estimation
of the associated costs. Specifically for the case at hand, the Panel was concerned that
the Choice Modelling estimates were based on the context of the environmental and
social impacts of the Metropolitan Mine decision alone. The Choice Modelling
respondents were told in the questionnaire that:
If mining continues as currently planned, it is predicted that a total of 15km of
streams (out of a total of 1,500km of streams in the Southern Coalfield) will be
affected by subsidence above the mine in 20 years time.
Similar ‘context statements’ were provided for the upland swamps and Aboriginal
heritage attributes.
The Panel is of the view that the context of the decision made with regard to the
Metropolitan Coal Project goes beyond the immediate geographical boundaries of the
project site. The appropriate context for people considering their willingness to pay
for avoiding environmental damage is the wider context of the Southern Coalfield.
Hence, for example, the stream damage in Waratah Rivulet should not be considered
as being 15km out of a total of 1,500km - that is, a small river in a large area - as is
the case in the context statement given in the Choice Modelling questionnaire.
Rather, the damage to Waratah Rivulet should be considered to be part of the total
‘package’ of damage that is likely to be done to streams in the Southern Coalfield
with other mines also being given approval. It is likely that such a revised context
would lead to higher environmental value estimates because marginal values of goods
increase as their supply becomes relatively more limited.
Although no context statement was included in the questionnaire regarding social
impacts, the same principles apply. However, without a specific context statement
being provided, respondents would have made their own individual conclusions
regarding context.
In order to understand better the possible impacts of potential over and under
estimation of these Choice Modelling derived values, a sensitivity analysis based on
the use of the upper and lower bounds of the 95 per cent confidence interval estimated
around the mean values was performed. The results of this testing are shown in Table
2.
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Table 2: CBA Sensitivity Analysis on Choice Modelling Estimates

1
2
3
4

5

Mine production
benefits ($m)
Environmental
costs ($m)
Net benefit
(environmental)
= 1 – 2 ($m)
Life of mine
benefit ($m)87
Net benefit
(environmental
& social)
= 3 + 4 ($m)

Mean
CM
Estimates

CM Upper
Bound
Estimates

CM Lower
Bound
Estimates

436

436

436

145

84

207

291

352

229

832

559

1105

1123

911

1334

The conclusion to be drawn from this sensitivity testing is that the CBA result in
favour of the proposal is robust to variations in the Choice Modelling estimates. Even
when the upper bound environmental cost estimates are used ($207m), the threshold
mine production value of $436m is not exceeded.
It should be noted that the use of the upper and lower bounds of the 95 per cent
confidence interval as the boundaries of the sensitivity testing constrains the analysis
to a consideration of the impacts of statistical variability in the Choice Modelling
results, given the specific context of the originally used questionnaire. If the original
questionnaire did not use a context appropriate to the policy situation, as is the
concern of the Panel, the relevant environmental costs could lie outside the
confidence interval boundaries used in this sensitivity analysis. Whether or not this is
the case requires determination in further empirical tests.
15.5.1.

Sensitivity Testing: Coal Prices

The EA uses coking coal prices starting at $288/t in 2010 falling to $100/t from 2016
onwards. The assertion is made in the EA that this price assumption is conservative
given the prices of over $300/t recorded in 2008.
Since the preparation of the EA, coking coal prices have declined markedly. Prices
are forecast to be around $110 in 2009. The EA assumes a price of $288/t in 2010
and this seems optimistic. However the assumption made that prices will fall through
the life of the mine is incongruous, given that the return of positive world economic
87

Estimates based on conditional Logit models
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growth over the next five years is likely to bring rising prices. The effect on the EA
CBA of using higher prices now and lower prices in the future is further accentuated
by the discounting process whereby the immediate years’ benefits are given greater
weight while benefits in 20 years time are weighted less.
An alternative, more realistic price sequence is one that starts in 2010 at around
$100/t, and increasing steadily over the mine’s life at the discount rate to reflect
increasing resource scarcity. This is consistent with Hotelling’s Rule of nonrenewable resource pricing. The approach taken in the Responses to Panel Queries
approximately follows this alternative88. While the forecast price sequence
commences at $140/t for three years, the assumed price increases after that by one per
cent per annum. The Panel regards this to be a superior price forecast.
The impact of the alternative price forecast is to increase the net present value of the
production benefits of the mine. This would appear to be counter-intuitive given that
the alternative price sequence involves a considerably lower starting price. However,
the steadily rising price forecast under the alternative more than compensates for the
declining price forecast used for the EA.
Table 3 displays the CBA results that replicate the analysis of Table 2 but for the
alternative pricing forecast.
Table 3: CBA Sensitivity Analysis on Forecast Coal Prices

1
2
3
4

5

Mine production
benefits ($m)
Environmental
costs ($m)
Net benefit
(environmental)
= 1 – 2 ($m)
Life of mine
benefit ($m)89
Net benefit
(environmental
& social)
= 3 + 4 ($m)

EA Prices +
Mean CM
Estimates

Alternative
Prices +
Mean CM
Estimates

436

839

145

145

291

694

756

756

1047

1450

The results displayed in Table 3 demonstrate that the alternative coal price forecast
provide a stronger justification for the proposed mine expansion with a near doubling
of the mine production benefits.

88
89

Responses to Planning Assessment Commission Questions, Question 1. 24 February.
Nested Logit Model estimate
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15.5.2.

Sensitivity Testing: Social Benefits

Other concerns were focused on the incorporation of the social costs of early mine
closure as benefits of continuing mining. In particular, the Panel was concerned
regarding the accuracy of the forecasts made by the Proponent of the consequences of
premature mine closure. The attribute used in the Choice Modelling exercise was
“Period of time that the mine will provide 320 jobs”. Any time less than 25 years (the
forecast of the mine’s life with full production) was viewed by respondents as having
a negative impact on their well-being. They were found to be willing to pay to avoid
reductions in mine life. The Panel was concerned that the forecast of mine length –
and hence employment at the mine – did not take into account the prospects of
technological change over the 25 year period of mining to considerably alter the
pattern of employment both in the mine and in the region more broadly. Furthermore,
trends in social mobility have indicated that the prospects for employment flexibility
are likely to be much improved over time.
What these concerns regarding the estimation of the social costs of mine closure
suggest is that the Choice Modelling analysis may have over-simplified the situation.
There is little doubt that the general public would experience costs should the mine
close in the immediate future, as would be the case if the proposal to expand the mine
was rejected altogether. However, there are doubts that these same costs would be
experienced if the mine’s life was shortened by a couple of years. In other words, the
validity of the linear relationship between social costs and mine length is queried.
Specifically, the social costs caused by a reduction in mine length from 25 to 23 years
are likely to be smaller than the social costs associated with closure of the mine
immediately.
The most straightforward test for CBA sensitivity to an overstatement of the extent of
the social benefit resulting from mine operation is to set that value to zero. The impact
of this assumption can be seen from using the “Net Benefit (environmental)” value in
Table 2 and Table 3 as the indicator of overall proposal net benefit. The conclusion is
simply that the extent of the social benefit does not impact on the overall conclusion
that the proposal generates a positive net benefit to society.
15.6.

SENSITIVITY TESTING: MINING CONFIGURATIONS

With the concerns regarding a possible understatement of environmental values, the
Panel requested that some sensitivity analysis be conducted using the original CBA
format, to investigate the impacts of various compromise mining configurations
involving different ‘stand-offs’ from Waratah Rivulet.
Specifically, set backs to limit valley closure levels to 100mm, 200mm, 300mm,
400mm and 500mm were designed and evaluated. Table 4 sets out the mining output
benefits and the environmental costs of each of these options, noting that the 100mm
valley closure information is the same as not proceeding with the mine project
because no mine design could be configured to achieve this result.
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Table 4: Mine Net Benefits for Alternative Set Backs ($m): Mean Environmental Values

Full
Mining
Production
net benefit
($m)
2 Environmental
costs
($m)
3
Mine net
benefit
(1-2)
($m)

Valley Closure
100
mm

200
mm

300
mm

400
mm

500
mm

436

0

406

404

399

425

145

0

44

142

142

145

291

0

362

262

257

280

1

A number of the features of these results warrant explanation. First, the consequences
of requiring a 100mm valley closure would be that the mine proposal would no longer
be financially viable. There would be zero production net benefit but also, no
environmental damage. The status quo would be maintained and no net benefit
recorded, relative to the status quo.
As the valley closure limit is relaxed, the production benefits do not increase
uniformly. The production benefit from a 200mm valley closure mine design is
greater than both the 300mm and 400mm designs. There is no gain in net production
benefit achieved by relaxing valley closure limits from 200mm to either 300mm or
400mm. The a priori expectation is that there would be uniform and positive
relationship between valley closure and mine production benefit: that is, as valley
closure increases, mining extends further under the Rivulet and so the extent of
production benefit would increase. However, the Proponent has predicted a nonuniform relationship with both positive and negative impacts. This is because the
mine net revenues associated with the coal resource that cannot be mined to achieve
lower valley closures occurs mostly towards the end of the mine life. The discounting
process diminishes these values more than if they were experienced early in the
mine’s life. Second, reducing valley closure also means increased capital and labour
costs associated with additional longwall jumps. Further costs are associated with
maintaining mining without major stoppages for development and resolving gas
drainage issues. All of these costs tend to occur earlier in the mine life where
discounting has a lesser impact on net present value. Hence for the coal prices
forecast in the EA, the increased capital and labour costs associated with the valley
closure scenarios dominate the net present value estimates.
The extent of the environmental costs caused by mining is also not uniform in their
relationship with size of valley closure. Standing off to achieve 500mm does not
prevent any environmental damage compared to full mining.
Significant
improvements in environmental condition only occur at 200mm valley closure,
primarily because at that level, stream damage is restricted. Little by way of
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environmental improvement is achieved by imposing 300mm, 400mm or 500mm
valley closure limits compared to full mining.
Overall, this analysis indicates that the net benefit to society generated by mining is
increased in every case apart from the 100mm valley closure setting. The option that
maximises the net benefit of mining is the configuration that limits valley closure to
200mm. This setting reduces the production net benefit by $30m compared to full
mining (a cost to society) but reduces the environmental damage caused by mining by
$99m compared to full mining (a benefit to society).
Hence, the net benefit to society is increased from $293m under full mining to $362m
with a 200mm valley closure configuration.
To investigate further the implications of an underestimate of the environmental costs,
the upper bounds of the 95% confidence intervals around the estimated environmental
attribute value means were used to re-calculate the mine net benefits with alternative
setbacks. This investigation is indicative only as the upper bound value of the
confidence interval relates only to statistical variance in the values rather than any
differentiation in value caused by context variation. These are reported in Table 5.
Table 5: Mine Net Benefits for Alternative Set-Backs ($m): Upper Bound Environmental Values

Full
Mining
1

2

3

Production net
benefit
($m)
Environmenta
l costs
($m)
Mine net
benefit
(1-2)
($m)

Valley Closure
100
mm

200
mm

300
mm

400
mm

500
mm

436

0

406

404

399

425

206

0

62

202

202

206

230

0

344

202

197

219

The implications of using the upper bound estimates are that mine net benefits to
society are reduced across the board because of the higher estimates of environmental
costs. However, except for the 100mm valley closure case, all options still deliver net
benefits to society. The option that generates the greatest net benefit is, again, the
200mm valley closure configuration.
Given the concerns of the Panel regarding the validity of the coal price forecast used
in the EA, the same sensitivity analysis on alternative set backs was performed using
the alternative pricing forecast. Table 6 displays the results of that testing for the
mean environmental values. Note that for the higher forecast prices, there is a
uniformly increasing production net benefit associated with higher valley closures.
This is because, for these coal prices, the losses of net revenues at the end of the mine
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life dominate the net present value calculation. Hence the valley closure options with
greater amounts of coal left un-mined have smaller net production benefits.

Table 6: Mine Net Benefits for Alternative Set Backs ($m): Alternative Price Forecast & Mean
Environmental Values

Full
Mining
Production
net benefit
($m)
2 Environmental
costs
($m)
3
Mine net
benefit
(1-2)
($m)

Valley Closure
100
mm

200
mm

300
mm

400
mm

500
mm

839

0

706

754

772

811

145

0

44

142

142

145

694

0

662

612

630

666

1

The revised pricing forecast and its associated increase in production net benefits has
no impact on the overall CBA: all mining options apart from the 100mm valley
closure configuration improve society’s well-being. However, the increased net
production benefit has the impact of making the full mining option superior to all
other mining configurations. Put simply, the higher value of the coal means that
mining is worth the environmental harm so caused.
To reflect concerns that the environmental values are underestimated, the results
reported in Table 5 for the EA price forecast are replicated with the alternative price
forecast in Table 7.
Table 7: Mine Net Benefits for Alternative Set-Backs ($m): Alternative Price forecast & Upper
Bound Environmental Values

Full
Mining
1

2

3

Production net
benefit
($m)
Environmental
costs
($m)
Mine net
benefit
(1-2)
($m)

Valley Closure
100
mm

200
mm

300
mm

400
mm

500
mm

839

0

706

754

772

811

206

0

62

202

202

206

633

0

644

552

570

604
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With the higher net production benefits and the upper bound environmental cost
estimates, mining, apart from the 100mm valley closure case, is preferable to not
mining and the 200mm valley closure configuration becomes the preferred mining
option.
All of the above reported mine setback sensitivity analyses omit the social benefits of
mining. The inclusion of these values consistently delivers the conclusion that the
‘full mining’ option provides the greatest net benefit to society. An example of this
result is given in Table 8. Including the social values of mine continuation as a
component of the overall net benefit of mining means that the full mining scenario
generates a higher mine net benefit than any of the proposed set back alternatives.
Table 8: Mine Net Benefits (Including Social Values) for Alternative Set Backs ($m): Mean
Environmental Values

Full
Mining
1

2

3

4

Production
net benefit
($m)
Environmental
costs
($m)
Mine net
benefit
($m)
Life of mine
benefit
(1-2) +3)
($m)

Valley Closure
100
mm

200
mm

300
mm

400
mm

500
mm

436

0

406

404

399

425

145

0

44

142

142

145

832

0

723

771

794

809

1123

0

1085

1033

1051

1089

117

16.0

CLIMATE CHANGE

The treatment of the Metropolitan Coal Project’s environmental costs with respect to
climate change also deserves additional analysis. First, it is accepted by the Panel that
the greenhouse gas emissions resulting from the use of the mine’s coal should not be a
component of the EA of the proposed mine expansion. These costs should be
accounted for at the destination of the product. Second, the approach taken in the EA
of using a permit price for the greenhouse gas emissions created during the mining
operation is appropriate. However, the uncertainty associated with the assumptions
made regarding the permit price is not followed through in the EA economic analysis.
In the sensitivity analysis, the $436m mine production net benefit is reduced to $90m
if the greenhouse gas emission costs are taken to be at a level estimated by the Stern
Report. Under this sensitivity scenario, with mean level values for the other
environmental costs ($143m), the mine becomes uneconomic from the social wellbeing perspective of CBA. A net loss to society of $53m is generated from the
proposed mining operations (without any set-backs). However, the estimates for
greenhouse gas emission costs estimated by Nordhaus are in contrast lower than those
used in the EA. Use of those estimates delivers a greater net benefit than is used as
the base case in the EA. Given that the EA uses a level of greenhouse gas emission
costs that lies between the Stern and Nordhaus estimates, the Panel is satisfied that the
EA position is appropriate.
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17.0
17.1.

PREFERRED PROJECT REPORT
INTRODUCTION

The PPR was received by the Panel on 28 April 2009 and is annexed as Attachment 1.
This Chapter presents the Panel’s review of it and the recommendations arising from
the changes to the original proposal in the EA.
The Panel notes that whilst a number of possible modified mine layouts are included
in the PPR, the preferred project plan is Case 10c, shown in Figure 6 of the PPR and
reproduced in this review as Figure 3. For the purposes of this review, the Panel
considers negligible consequence for a watercourse to mean no diversion of flow, no
change in the natural drainage behaviour of pools, and minimal iron staining, and is
assumed to be achieved in circumstances where predicted valley closure is less than
200mm.
From the Panel’s perspective the key features of Case 10c are:
i.

Full extraction of Longwalls 20 and 21 including under the Waratah Rivulet;

ii.

Partial extraction of Longwalls 22 and 23 with some setback from both the
eastern and western sides of the rivulet, but not sufficient to prevent
significant subsidence impacts;

iii.

Extraction of Longwalls 24 to 27 only on the eastern side of the Waratah
Rivulet with sufficient setback to result in negligible consequences from the
effects of subsidence based on valley closure predictions of < 200mm for
Longwalls 25 to 27 (Figure 22). Longwall 24 is shown to result in this
predicted level of closure over only a portion of its width. Predicted closure
again exceeds 200mm as the Rivulet approaches the full storage level.

iv.

Re-orientation of Longwalls 28 onwards in a north-south direction rather than
an east-west direction and leaving an unmined area between Longwall 27 and
the start of these re-oriented longwalls so that a pillar is created under the
lower reaches of both the Eastern Tributary and the Waratah Rivulet;

v.

A reduction in predicted valley closure over the lower reaches of the Eastern
Tributary, to values ranging from about 160mm to 300mm.

vi.

Extension to the western lease boundary and to the northern edge of
Longwall 24, of the pillar labeled A1 in Figure 3, so as to create an unmined
area, A2, that may be subject to mining at a later date;

vii.

Reservation of a right to make changes to the plan.

The Panel’s assessment is based on what it considers to be inadequate and poorly
presented information in the PPR, particularly in regards to diagrams and subsidence
assessment. Points of particular note are:
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•

The revised mine plan is a diagrammatic representation of the mine workings
rather than an accurately dimensioned plan, Figure 3. There appears to be at
least three different widths of interpanel pillars.

•

Values for predicted closure have been provided along the course of the
Waratah Rivulet and the Eastern Tributary. However, in the case of the
Waratah Rivulet, shown in Figure 22, the mine layout is for that contained in
the EA and not the revised mine layout associated with the PPR.

•

There is minimal assessment of the implications of the revised layout for mine
subsidence, groundwater and other features with the potential to be impacted
by subsidence.

The Panel considers that the PPR is not of sufficient quality for an unconditional
approval.
17.2.

AREA A2

The Proponent has made it clear in the PPR that Area A2 may be mined at a future
date. However, Area A2 is included in some Tables and in the discussion as an area
sterilised by the Preferred Project (e.g. Table 5 of the PPR shows A2 contributing
almost 40% of the resource sterilised by the Preferred Project, and Table 3 describes
the predicted reduction in mine life which includes the impact of not mining A2). The
Panel notes that Table 7 of the PPR contains some information based on sterilisation
of area A1 only. Furthermore, the discussion on reduction in mine life in Section 6.7
of the PPR is also based only on the sterilisation of coal in area A1. The Panel does
not accept that area A2 is currently excluded from mining for any reason other than
short-term mine planning convenience and concludes that propositions based on
inclusion of data pertaining to area A2 are liable to mislead.
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Figure 22: Predicted Closure Profiles along the Waratah Rivulet
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Figure 23: Predicted Closure Profiles along the Eastern Tributary
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Source: Figure 13 and Figure 14 of the Preferred Project Report
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17.3.

PROTECTION OF MAJOR WATERCOURSES

The objective of the Preferred Project is stated as:
....to further minimise the original Project’s potential environmental impact on
the Waratah Rivulet and Eastern Tributary. Specifically, the Preferred Project
Mine plan avoids the drainage of ponds along the majority of the lower reach of
the Waratah Rivulet (from Longwall 24 to the full storage level of Woronora
Reservoir)91.
The Panel notes that avoidance of drainage of ponds relates only to the Waratah
Rivulet and not the Eastern Tributary.
17.3.1.

Protection of the Waratah Rivulet

The PPR notes the changes that arise out of it in respect of the potential impacts (most
are actually consequences) on surface waters, all of which are focused only on the
Waratah Rivulet92. These are:
•

avoidance of drainage of ponds along the majority of the lower reach of the
Waratah Rivulet;

•

reduction in the potential for redirection of some surface flow into a shallow
fracture network that may have developed as a consequence of cracking of the
Waratah Rivulet stream bed;

•

reduction in the potential for localised and transient impacts to water quality
that may have occurred as a consequence of shallow cracking of the Waratah
Rivulet stream bed; and

•

reduction in the potential extent of localised iron staining that would occur as
a consequence of shallow cracking of the Waratah Rivulet stream bed.

The statements are of a qualitative nature (e.g. ‘majority of the reach’ and ‘reduction
in the potential’). Some understate reality (e.g. ‘fracture networks that may develop’).
The final paragraph in Section 6.3.2 of the PPR also states that the original EA
proposals for mitigation, management and monitoring are to stand.
The Panel acknowledges that the PPP achieves the outcome of “negligible
consequence” over approximately one kilometre of the lower Waratah Rivulet but this
outcome is not achieved for Longwalls 20, 21, 22, 23, part of 24, and over what was
planned in the EA to be Longwall 28.

91
92

Section 5.1 of the PPR
Section 6.3.2 , page 33, of the PPR
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17.3.1.1. Longwalls 20 and 21
The PPR proposes full extraction of Longwalls 20 and 21 (i.e. undermining of the
Waratah Rivulet). This will cause significant further damage to the rivulet. The
Proponent’s arguments in support of full extraction of these longwalls are:
i) Previous mining was approved in full knowledge of the likely subsidence
impacts on the rivulet from longwalls up to and including Longwall 19;
ii) The cumulative impact from these existing longwalls means that, to achieve
negligible impact at Longwall 20, very large setbacks would be required from
the rivulet (see Figure 7 of the PPR) in order to meet the 200mm prediction for
valley closure at Longwall 20. This would make Longwall 20 simply
uneconomic to mine; and
iii) Given that there is insufficient time to prepare access to alternative longwalls,
this would force the mine to close for a period while access was prepared.
The Panel would not normally be sympathetic to the urgency argument. Mine
planning takes place well in advance of actual extraction and contingency measures
should be available. However, there is strong evidence in this case to support the
Proponent’s contention that they have been delayed by events outside their control
including the timing of the report of the SCI and significant changes to legislation.
What remains unclear to the Panel is why there is such urgency to approve a
transitional strategy that will result in further significant damage to the Waratah
Rivulet over a further five longwalls (20 to 24) when, based on the current rate of
mining and the longwalls available to be mined (including part of Longwall 18,
Longwall 19 and Longwall 19A), it could take up to 6 years before Longwall 24 is
mined. Nevertheless, the Panel recognizes that damage has already occurred to the
rivulet in the vicinity of Longwalls 20 and 21 as the result of existing mining and it
therefore acknowledges that full extraction under the rivulet for Longwalls 20 and 21
is a transitional provision that must be made if temporary mine closure is to be
avoided. The Panel accepts that incremental damage will occur over these longwalls.
17.3.1.2. Longwalls 22 and 23
The Panel’s assessment is that it would be desirable that extraction of all other
Longwalls (from Longwall 22 onwards) met the criterion necessary for negligible
consequences. However, full extraction of Longwalls 20 and 21 makes this difficult
to achieve, at least for Longwall 22. Full extraction of Longwalls 20 and 21 has
implications for Longwall 22 insofar as the Panel’s desired outcome of negligible
consequences cannot be met without a substantially larger setback for Longwall 22.
The predicted valley closure for Longwall 22 (Figure 22 of this report), is between
300mm and 400mm. Whilst this may reduce subsidence impacts below those
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experienced from undermining associated with Longwalls 20 and 21, the
environmental consequences could be just as severe. As noted in Section 5.2.2.2, it
appears that there may be an impact threshold at which significant consequences
occur and subsequent increases in impacts may then not produce a linear increase in
consequences. Significant environmental consequences for the rivulet are well within
the range of subsidence impacts likely for Longwall 22.
The Panel reluctantly accepts that subsidence impacts may produce significant
negative environmental consequences for the rivulet associated with the proposed
setback for Longwall 22. The basis for this acceptance is that an abrupt change from
full extraction at Longwalls 20 and 21, which will induce significant consequences, to
negligible consequences for the rivulet at Longwall 22, is simply not feasible if
mining is to continue without interruption.
The PPR employs a similar strategy for Longwall 23. Again the proposed setbacks
are likely to lead to lower subsidence impacts than those associated with
Longwalls 20 to 22, but not sufficient to avoid significant consequences for the
rivulet. The rivulet turns westward beyond Longwall 23 and runs parallel to it for
some distance within the offset, increasing its exposure to impacts from the mining of
Longwall 23. After considering all the arguments, the Panel can see no justification
for allowing this level of impact to be associated with Longwall 23. The mine
transition process will have had a number of years to adjust by the time Longwall 23
is reached.
The Panel therefore recommends that the outcome for the Waratah Rivulet at
Longwall 23 should be set at negligible consequence i.e. no diversion of flows, no
change in the natural drainage behaviour of pools, and minimal iron staining.
The Proponent has a number of avenues that can be explored to meet this outcome.
They include:
•

an increase in the setback for Longwall 23 itself;

•

an attempt to reduce the cumulative impact from Longwalls 21 and 22 by
increasing the setback for Longwall 22 or narrowing the longwalls
undermining the rivulet (Longwalls 20 and 21) or incorporating a short pillar
under the rivulet in Longwall 21; or

•

some combination of these.

Whilst the Panel has no data available, it would appear logical that a decrease in
predicted closure at Longwall 23 would also increase the security of the position at
Longwall 24. As it currently stands, Figure 22 of this Panel’s report suggests that at
the southern end of Waratah Rivulet, Longwall 24 is not completely below the
predicted 200 mm closure level, whilst at the northern end, predicted closure for that
section beneath what was Longwall 28 in the EA is also above 200mm.
The Panel recommends that the outcome of negligible consequence proposed for
Longwall 23 should also be set for all sections of the Waratah Rivulet from that point
to the full storage level.
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17.3.2.

Protection of the Eastern Tributary

The Eastern Tributary is the second-largest stream entering the reservoir and, while
smaller in scale, its lower reaches have similar characteristics to those of the Waratah
Rivulet. The Proponent has acknowledged its significance in response to the Panel
and by including its protection as an objective of the PPR.
The PPR predictions for valley closure for the Eastern Tributary are shown in Figure
23. Improved subsidence impacts are expected for most of the lower reaches over
those in the EA proposal, but fall short of the levels necessary to achieve the desired
outcome associated with negligible consequence.
The main problems appear to be:
•

The predicted impacts associated with the southern ends of Longwalls 30
and 31; and

•

The predicted impact associated with Longwall 27.

The Panel is of the view that the outcome for that part of the Eastern Tributary north
of the junction of its two tributaries at approximate coordinates 6214600N and
312200E93 to the full storage level should be set at negligible consequence.
17.3.3.

Remediation (Restoration)

The discussion of remediation in the PPR suggests that the Proponent is now
proposing not to attempt to remediate expected impacts associated with the predicted
valley closure levels for Longwalls 20, 21, 22 and 23. This appears to be at variance
with the statement on page 27 of the PPR where some restoration is contemplated for
impacts at Longwalls 22 and 23 to restore surface flows and also at variance with
commitments in the EA concerning restoration of affected rock bars on the Waratah
Rivulet.
The Panel can see no justification for abandoning a requirement to remediate for the
reach of the Waratah Rivulet covered by Longwalls 20 to the full storage level. The
objective should be to restore flows as rapidly as possible to their pre-mining state and
maintain them in that state. In this context, the Panel notes that the amount of
remediation required should decrease as the predicted impacts from valley closure and
upsidence decrease over Longwalls 22 and 23 and beyond.
Achieving the objective of surface flow maintenance may require a series of
remediation efforts at an individual feature (e.g. a rock bar) given that the total impact
at that feature may be associated with multiple longwalls. Approval conditions
should therefore require close monitoring of impacts from all longwalls likely to
affect such key features and require timely (and where necessary repeated)
93

Map Grid of Australia reference, see Drawing No: MSEC285-24, Appendix A of EA
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remediation efforts to maintain surface water flows as close to their pre-mining levels
as possible.
The Panel recognises that at this point in time remediation will most likely involve
use of the PUR grout technique discussed at length in the EA, in submissions to the
Panel and elsewhere is this report. Whilst there are still doubts about its efficacy in
both the short and long term, there appears to be no other viable option available. The
Panel recommends that its use should continue subject to ongoing evaluation and
research.
There is no mention in either the PPR or the EA of actions to be taken in the event of
the outcomes not being met for the lower reaches of the Eastern Tributary. The Panel
recommends that remediation equivalent to that required for the Waratah Rivulet be
applied to this part of the tributary. In doing so, the Panel notes that, if outcomes are
met, remediation should not be required.
17.3.4.

Adaptive Management

Adaptive management appears to be limited to the Waratah Rivulet in the EA94. The
PPR appears to adopt the same position.
For adaptive management, the PPR argues that, since the strategy for protecting the
Waratah Rivulet is now based on defined setbacks for Longwalls 22 and 23, adaptive
management involving modifications to the mine plan in response to observed
impacts and consequences for Longwalls 20 to 23 is no longer a viable component of
the Preferred Project.
The Panel agrees that, with full extraction of Longwalls 20 and 21 predicted to have
substantial negative consequences for the Waratah Rivulet, adaptive management is
not an appropriate requirement for these longwalls.
Some subsidence impact must also be expected at Longwall 22 (albeit less than that
associated with Longwalls 20 and 21). The potential extent of the consequences from
these impacts is unknown. They could range from negligible to the equivalent of
those experienced to date from mining under the rivulet. The Panel reluctantly agrees
that adaptive management is not appropriate for Longwall 22. However, the Panel
considers that adaptive management is entirely appropriate for Longwall 23 (and
beyond) if the Panel’s recommendations for outcomes at Longwall 23 are adopted.
The Panel also recommends that adaptive management should be applicable to the
outcomes adopted for the lower reaches of the Eastern Tributary.
17.3.5.

Impact Exceedances for Waratah Rivulet & Eastern Tributary

There is no consideration in the PPR of what should occur if impacts exceed
expectations at Longwall 24 and beyond other than that mentioned under restoration
for parts of the Waratah Rivulet and adaptive management. However, it is possible
94

Section 5.2 of Volume 1
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that neither of these techniques will prevent significant environmental consequences
where predicted impacts are exceeded.
The Panel recommends that this issue be addressed in the conditions for any approval
for the Project and that measures such as offsets and compensation be considered in
this context. Furthermore, the Panel recommends that such conditions be applied to
the reaches of the Waratah Rivulet and Eastern Tributary for which the outcome of
negligible consequences has been recommended.
17.4.

SWAMPS

The PPR adopts the same position as in the EA; that is, that all swamps in the Project
Area are perched (i.e. headwater swamps). In response to queries from the Panel, the
PPR contains information on subsidence impact predictions additional to that
provided in the EA95 and specifically for swamps S76, S77 and S92, including closure
strains at the lower end of these swamps96. As noted in Section 9.4.2, these large
swamps were identified by the Panel as being of special concern because their lower
ends are in valleys with moderate longitudinal slopes and the EA described them as
terminating at rock bars. These factors could conceivably see an increased
vulnerability to the effects of valley closure and upsidence.
While additional information on closure strains is now provided in the PPR, the only
discussion of this information centres around comparison of the predicted strains from
the PPR with those from the original proposal. There is no discussion of the possible
impacts and consequences for these swamps from the predicted strain levels, even
though these appear high enough to cause locally significant impacts. Instead the
general proposition from the EA concerning headwater swamps is relied on that:
Given that negligible environmental impact to upland swamps was predicted
for the original Project, negligible environmental impact would be expected in
the case of upland swamps for the Preferred Project. 97
The PPR goes on to argue that:
Given the above, the mitigation measures, management and
monitoring outlined in the EA for upland swamps are considered to be
appropriate for the Preferred Project.98
However, the Panel notes that these mitigation and management measures are difficult
to find in the PPR or EA, apart from the mention of:
contingency measures, in the case of unexpected outcomes, would
include the use of polyurethane (PUR) grout injection technology99
95

Table 6 of PPR
Pages 34 to 36, Section 6.4 of PPR
97
Page 36 of PPR
98
ibid
96
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The Panel requested further information from the Proponent in relation to swamps
S76, S77 and S92 based on two concerns:
i) that the changed mine plan might create additional impacts for these three
large swamps because of their increased alignment with the axes of the
proposed longwalls, and
ii) that predicted impacts at the lower end of these swamps might lead to
significant environmental consequences.
In response to this the Proponent supplied a detailed report from MSEC100. This
indicates that there is no completely reliable way to predict total strain along the
relevant drainage lines at this time, but argues credibly that the conventional
subsidence impacts are likely to be small in these swamps. However, in relation to
non-conventional subsidence, it notes that the closure strains in the steeper parts of the
swamps are higher than would reasonably be expected and questions the applicability
of the methodology used (by MSEC itself) for predicting closure strains in these
shallower valleys in both the EA and the PPR. Some lower incremental closure
prediction results, from a new experimental prediction method that will be the subject
of further research, are offered for the swamps in question. However, they are of
limited value because a revised prediction method has yet to be developed for total
strains.
The Proponent has also supplied information on the characteristics of the lower ends
of swamps S76, S77 and S92 that suggests that the negative environmental
consequences of any subsidence impact involving the terminating features of these
swamps would have a limited effect on the swamp because the gradient profile of the
swamp shows that the pooling effect behind these features only extends for a short
distance. The proposition is that a loss of water from this section of the swamp would
have little impact on the overall hydrology of the swamp. This is important because it
supports the Panel’s view that, even though the predicted closure strains using the
current methodology are high, the risks associated with pursuing the Panel’s
recommended strategy for these three swamps are relatively low (See Section 9.4.2).
17.5.

GROUNDWATER

Processes and impacts defined in the EA are essentially re-stated by the Proponent in
the PPR. Additional and relevant information and data provided by the Proponent to
the Panel in response to various questions has not been included. Further, the revised
mine plan has not been assessed using aquifer modelling. Instead the Proponent
proposes that the model ‘be refined and developed over time’. The Panel considers it
neither difficult nor excessively time consuming to modify the preferred groundwater
flow model to reflect the alternate longwall panel layout. In the absence of this effort,
the Panel assumes that the depressurisation impacts on the deep groundwater regime
will be no more than the impacts determined for the earlier mine plan provided in the
EA. Accordingly the summary and assessments provided in Section 8.0 of this Panel
report still apply.
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17.6.

SURFACE WATER

Surface water impacts associated with the original project were discussed in
Section 7.0 of this report under the headings of ‘catchment yield’ and ‘stream health’.
For catchment yield, by reducing the extent of fracturing in Waratah Rivulet and
Eastern Tributary, the Preferred Project provides a reduction in the risk of water loss
compared to the original proposal.
If the Panel’s recommendations on outcomes for the Waratah Rivulet in
Section 17.3.1 of this report are adopted, the Panel has reasonable confidence that the
consequences of mining on the condition of Waratah Rivulet would be limited to no
diversion of flow, no change in the natural drainage behaviour of pools, and only
minor iron staining over approximately 1.3km of the rivulet upstream of the full
supply level of Woronora Reservoir. Incremental impact (in addition to impact from
current mining) is still likely over the remaining approximately 700m of the Rivulet
over Longwalls 20, 21 and 22 and upstream.
If the Panel’s recommendations on outcomes for the Eastern Tributary in
Section 17.3.2 of this report are adopted, the Panel has reasonable confidence that the
consequences of mining on the condition of the Eastern Tributary would be limited to
no diversion of flow, no change in the natural drainage behaviour of pools, and only
minor iron staining over approximately 0.5km of the tributary upstream of the full
storage level of Woronora Reservoir.
17.7.

ECONOMIC ASSESSMENT

The mine configuration set out in the PPR involves some reductions to the extent of
production benefits, some improvements in environmental condition and reduced life
of mine social benefits relative to the full mining option set out in the EA. Table 9
documents these changes for mining options that include the area A1 being withdrawn
from production and both areas A1 and A2 being withdrawn.
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Table 9: Mine Net Benefits for Preferred Project ($m): Alternative Price Forecast & Mean
Environmental Values

1
2
3
4

5

Mine production
benefits ($m)
Environmental
costs ($m)
Net benefit
(environmental)
= 1 – 2 ($m)
Life of mine
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benefit ($m)
Net benefit
(environmental
& social)
=3+4
($m)

Full
Mining

Preferred
Project
(A1)

Preferred
Project
(A1 +A2)

839

776

734

145

95

89

694

681

645

832

768

731

1526

1449

1376

Focus here is on the option by which A1 only is withdrawn from production given
that the PPR leaves open the prospect of A2 being mined in the future.
At a cost of $63m of production benefit, $50m environmental costs are saved under
the proposed mining configuration. Hence, mine net benefit is reduced under the
scheme relative to the full mining option. It is worth noting however, that the
estimate of environmental damage avoided provided in the PPR relates to Aboriginal
heritage sites and the length of Waratah Rivulet. A key feature of the proposal is that
around 0.5km of the Eastern Tributary will also be protected from damage. If the
values associated with protecting the Waratah Rivulet can also be attributed to the
Eastern Tributary, this would afford an increase in the environmental benefits
provided by the proposal. These may be sufficient to ensure that the environmental
benefits of the PPR scheme exceed the costs associated with production reductions.
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Conditional Logit Model estimate
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18.0

CONCLUSIONS

The Panel considers that the Metropolitan Coal Project as set out in the PPR should be
allowed to proceed subject to a substantial number of conditions. Some of these
conditions are designed to afford adequate protection to significant features within the
Project Area from the potential consequences of subsidence. However, many of them
arise from the need to obtain better information on which to base a particular decision
or a future management strategy. Examples of the latter can be found in almost all
Sections of this report.
The Panel considers that if the SCI Report recommendations had been available to the
Proponent prior to commencement of the EA studies and had been followed closely in
preparation of the EA itself, many of the information deficiencies would not have
arisen, the proposed approval conditions would have been fewer and simpler and
review of the proposal would have been much more efficient.
As it stands, the Panel is prepared to follow the course of recommending a conditional
approval primarily because the mine is comparatively deep and the longwall panels
are relatively narrow. This means that the subsidence impacts over much of the
Project Area are predicted to be low enough for the Panel to be satisfied that a
strategy of conditional approval with substantial monitoring will keep the risks arising
from a poor initial database to within acceptable limits. Had the mine parameters
been less favourable, the Panel’s recommendations may have been less positive.
Where the Panel considers that the predicted subsidence impacts could lead to
unacceptable environmental consequences for significant natural features the Panel
has, wherever possible, adopted a strategy of specifying the outcomes to be achieved
for the feature rather than prescribing limits for subsidence effects and/or impacts, or
setting arbitrary mining setbacks. The Panel considers that it should be up to the
Proponent to satisfy the Consent Authority and the regulators that the detailed
strategies it will employ will achieve the required outcomes. The Panel notes that
such an approach will only work if failing to achieve the outcomes carries unattractive
consequences for the Proponent.
The Panel has spent considerable time developing methods for applying the SCI
principles to a substantive proposal. In doing so it has derived an expanded risk
framework for natural features using the RMZ concept and set out suggested
approaches for assessing relative significance of natural features and the acceptability
or otherwise of subsidence-induced impacts and consequences for those features.
The Panel considers that it would be desirable if future proposals for mining in the
Southern Coalfield were required to take account of the SCI recommendations as
modified by this report in preparing the Project Application and the subsequent EA.
It follows that a rigorous review of adequacy of the EA prior to exhibition would
assist in making the review stage as short and productive as possible.
Finally, the Panel was impressed with the potential value that well structured
economic analyses could bring to the assessment process. If the Panel had been more
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confident that the potential biases had been properly accounted for, then the value
placed on analyses of the benefits of the proposal and the environmental costs would
have carried even greater weight in assessing the acceptability of the proposal and its
potential environmental impacts.
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19.0
19.1.

RECOMMENDATIONS
INTRODUCTION

The Terms of Reference (ToR) directed the Panel to consider the recommendations of
the Southern Coalfield Inquiry (SCI) when carrying out its review of the Metropolitan
Coal Project. In keeping with the ToR, the Panel has taken the opportunity to
comment on whether the many aspects of the EA and PPR that the Panel considered
to be deficient might have been improved had they been able to be prepared in full
recognition of the SCI recommendations. These comments are intended to provide
some guidance for the preparation and assessment of future mining proposals for the
Southern Coalfield.
The consequence of this approach is that there are two types of recommendations in
this report: those relating to the application of the SCI recommendations and the
Panel’s adaptations of these to future proposals, and those relating specifically to
aspects of the Metropolitan Coal Project. Consideration was given to separating these
recommendations into two separate sections, but it was decided that they were better
left together within their context headings. The reader should have no difficulty
separating them if the context requires.
The Panel has made its findings and recommendations based on the information
available to it. In many instances the Panel has noted serious inadequacies in this
information as a basis for making unequivocal recommendations. Consequently,
many of the recommendations are based on suggestions that further studies or reviews
be conducted to confirm that the position adopted by the Panel is sound in the longer
term. Whilst this approach may allow mining to proceed in the short term, there is a
real possibility that a modified mine management regime will be required as the
information is acquired and reviewed.
This approach will also place much greater reliance on the SMPs than the Panel
considers desirable. Therefore, it will be important that a substantial level of rigour is
applied to the SMP process to ensure that the information on which to base these
plans is produced in a timely fashion and to the required standard.
19.2.

METROPOLITAN COAL PROJECT
Recommendation 1
The Panel recommends that the Project Proposal as set out in the PPR
of April 2009 be approved by the Minister subject to a broad-ranging
suite of strict conditions directed towards:
•

Improved environmental outcomes – in particular, protection of
the lower reaches of the Waratah Rivulet and the Eastern Tributary
to the standard of negligible environmental consequences.

•

Collection of data necessary for:
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-

19.3.

resolving significant outstanding questions in relation to
potential impacts of conventional & non-conventional
subsidence on surface water, groundwater, upland
swamps and mine water management that were not able
to be answered satisfactorily from the information
available to the Panel;
informing future management decisions in relation to
upland swamps, Aboriginal heritage sites and
watercourses.

•

Monitoring of predicted versus measured effects, impacts and
consequences of both conventional and non–conventional
subsidence on a range of significant features including
watercourses, groundwater, upland swamps, Aboriginal heritage
sites and cliff lines.

•

Establishing an appropriate suite of strategies for situations where
prescribed outcomes are not achieved or predicted impacts are
exceeded.

SOUTHERN COALFIELD INQUIRY

The Panel gave detailed consideration to the findings and recommendations of the
SCI and has included a comprehensive précis of aspects relevant to this review in
Section 3.2. The Panel noted that this was the first time that there had been an
opportunity to apply the SCI recommendations to the Part 3A process.
The Panel identified two areas in particular where the practical application of the SCI
recommendations could be refined or enhanced. They were Risk Management Zones
(RMZs) and Reverse Onus of Proof.

Recommendation 2
The Panel recommends that the concept of RMZs enunciated in the
SCI report be incorporated into a broader risk framework that includes:
•

Identifying natural features likely to be at risk of negative
environmental consequences from subsidence impacts.

•

Assessing the potential risk to those features from the mining
proposal.

•

Identifying the options for dealing with any significant risk.

•

Determining which of these options will form part of the
management plan.
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•

Monitoring the subsidence impacts, consequences for the feature,
and outcomes from the management strategies.

•

Contingency options and planning to deal with exceedances, and

•

Auditing of the risk management process.

Recommendation 3
The Panel recommends that the steps set out in Section 6.2 of this
review for assessing risk be considered for inclusion in future
requirements for the assessment of proposals for mining in the
Southern Coalfield to ensure that appropriate information on risks to
significant natural features is available in the EA.

Recommendation 4
The Panel recommends replacement of the concept of Reverse Onus of
Proof as used in the SCI report by a single requirement that the
Proponent demonstrate the reasonableness (or overall merit) of its
proposals in relation to the significant natural features that may be
exposed to subsidence impacts. The decision-maker can then assess
reasonableness (or merit) in the context of the importance of the
feature, the predicted risk and any management options for that risk.
19.4.

SUBSIDENCE

The Panel has included a detailed assessment of the subsidence information provided
in the EA and noted its deficiencies throughout this review. These deficiencies
primarily relate to information on non-conventional subsidence effects and impacts
and their relationship to potential environmental consequences.
Recommendation 5
The Panel recommends that approval conditions for the current Project
should have a specific focus on the monitoring of upsidence and valley
closure impacts and that the mine plan be capable of modification to
manage the consequences arising out of these impacts within
predetermined levels.

Recommendation 6
The Panel also recommends that the deficiency in the EA concerning
the provision of net subsidence effects at significant features be noted
and that future EAs be scrutinised at the adequacy review stage to
determine whether all the required information has been provided.
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For conventional subsidence, the Panel notes that the vertical displacement measured
over Longwalls 1 to 14 at Metropolitan colliery was significantly greater than that
predicted by the MSEC model for other parts of the Southern Coalfield. Whilst
MSEC has re-calibrated the prediction model for Metropolitan Colliery, this recalibration is only valid if MSEC has correctly identified the cause for the increased
vertical displacement.

Recommendation 7
The Panel recommends that approval conditions incorporate a
requirement for numerical modelling should measured maximum
vertical displacement exceed that predicted by more than 15% at any
time after mining has progressed beyond the half way mark in
Longwall 21, or if the distribution profile of vertical displacement does
not reflect predictions102.
The Panel notes the reductions in longwall width under stored waters (and within the
area of notification for the Dam Safety Committee) and the reasons advanced for this
by the Proponent (See Section 5.3.1 of this report). The Panel makes two
observations on this. Firstly, the mine parameters for Metropolitan Colliery would
suggest that this is a very conservative approach to extraction under and adjacent to
these stored waters and secondly, that sterilizing large reserves of coal in this way
may well lead to undue pressure being brought to bear to undermine other significant
features in the Project Area, such as the Waratah Rivulet.
Recommendation 8
As the Dam Safety Committee (DSC) process lies outside Part 3A, the
Panel makes no specific recommendations in relation to this for the
Project except to recommend that the Proponent should apply to the
DSC to increase the proposed level of extraction adjacent to or beneath
stored waters of Woronora Reservoir ,with a view to offsetting some of
the resource constraints necessary to protect other significant features
in the Project Area.

Recommendation 9
On the more general issue of the Reynolds Inquiry, the Panel
recommends that a review of the Reynolds Inquiry conclusions
concerning mining under stored waters should be undertaken in view
of the substantial advances in knowledge since 1977 and the likelihood
that continued reliance on these conclusions may sterilize substantial
reserves of coal unnecessarily.
102

This action need not be initiated before extraction of the second longwall in the new series because
extraction of Longwall 20, being the first panel in the series, may not produce sufficient vertical
displacement to enable the accuracy of predictions to be assessed adequately. See Section 4.2 of
MSEC285, Appendix A, for further discussion.
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19.5.

SURFACE WATER

The Panel was presented with substantially divergent views on whether there was a
loss of water yield to Woronora Reservoir (See Section 7.3 of this report). Whilst the
Panel believes on balance that there is no water loss, the issue is not beyond doubt.

Recommendation 10
The Panel recommends that a specific program be developed between
the Sydney Catchment Authority (SCA) and the Proponent to further
investigate the existence or otherwise of catchment yield impacts.

Assessment of the significance of individual watercourses in the context of
acceptability of the risk of subsidence impacts and consequences is difficult. The
Panel notes the absence of objective measures of significance and the lack of policy
guidance on this issue.

Recommendation 11
The Panel recommends that until objective measures or policy
guidance are available, adoption of an approach to significance and
protection be adopted that is characterised by a case by case
assessment of the values attributed to the watercourse, the options for
protecting these values and the feasibility and costs of doing so. A
suggested set of values is included in Section 7.4.1 of this report.

Recommendation 12
The Panel also recommends that the relevant Government agencies
explore the use of established techniques for assessment of waterways
(see Section 6.4.2 of this report) to assist in determination of
significance of watercourses under threat of impact from mining
proposals.

Although examples make it apparent that the impacts and consequences of subsidence
in rivers and creeks are discontinuous along the watercourse, current prediction
techniques give no indication of the likely spatial disposition, density and severity of
the consequences.
At the least, extrapolation from existing experience of
consequences would assist assessment of likely consequences for identified
watercourse values.
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Recommendation 13
The Panel recommends that further research be undertaken with a view
to improving the prediction of subsidence induced consequences in
significant watercourses in an endeavor to improve assessment of
potential effects on the values attributed to these watercourses.

Recommendations arising from the Panel’s conclusions concerning the
unacceptability of mining induced impacts on the lower reaches of the Waratah
Rivulet and the Eastern Tributary are dealt with in Section 19.13 below. For other
watercourses in the Project Area, the Panel notes that some environmental
consequences are likely.

Recommendation 14
The Panel recommends that mining should be allowed to proceed
under watercourses other than the reaches of the Waratah Rivulet and
the Eastern Tributary described in Section 19.13 below.

Recommendation 15
The Panel recommends that a monitoring regime be established to
contribute to the predictability of consequences for watercourses from
subsidence impacts. This regime should cover a representative sample
of watercourses and should include Tributary B.
19.6.

GROUNDWATER

The density and duration of observations for the Metropolitan Coal Project proposed
operations are limited, especially with respect to swamp land hydrology, redirected
stream flows and regional strata depressurisation.
In areas where natural conditions could change as a result of mining, specific
monitoring regimes need to be tailored to the mine plans presented in the PPR and to
address aquifer definition(s) and interactions, strata hydraulic properties, pore
pressure distributions, and groundwater qualities.
Recommendation 16

The Panel recommends that groundwater monitoring regimes proposed
by the SCI are incorporated into approval conditions, including
requirements (detailed in Section 8.5) for:
• shallow piezometer installations for the monitoring of groundwater
levels/pressures within significant upland swamps, drainages and
any connected alluvium;
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•
•
•
•
•

19.7.

groundwater quality classification through regular sampling and
analyses at installed piezometers;
deep piezometer installations for the monitoring of pore pressures
within the natural rock strata;
strata hydraulic property measurements to confirm aquitard
presence and to facilitate calculation of subsurface flows;
mine water balance for existing and extended operations, and
aquifer numerical modelling to be used as a management tool for
the ongoing prediction of impacts attributed to longwall extraction

SWAMPS

The Panel’s approach to the acceptability of the proposal to undermine a significant
number of upland swamps in the Project Area is based on the risk framework
developed in Section 6.2 of this report. This framework was developed following
consideration of the potential application of the SCI’s RMZ concept to upland
swamps generally and to those in the Project Area specifically.
Recommendation 17
The Panel recommends that the framework in Section 6.2, as adapted
to swamps in Section 9.4.1, be used as a guide for future Southern
Coalfield proposals involving upland swamps and that the production
of RMZs be obligatory for all upland swamps (ie headwater and valley
infill). These RMZs should trigger a requirement to provide
comprehensive information on predicted impacts and consequences
that might be expected from both conventional and non-conventional
subsidence sources. The adequacy of the information provided should
be subject to rigorous scrutiny at the adequacy review stage of the
assessment process.

Recommendation 18
The Panel recommends that, in considering the acceptability or
otherwise of negative environmental consequences for swamps, an
approach based on the material in Section 9.4.1 of this report be
adopted ie: negative environmental consequences are considered
undesirable for all swamps and:
a) swamps of special significance will be protected from negative
environmental consequences; and
b) a presumption of protection from significant negative
environmental consequences will exist for all other swamps
unless the Proponent can demonstrate for an individual swamp
that costs of avoidance would be prohibitive and mitigation or
remediation options are not reasonable or feasible. Under
circumstances where the decision is to allow significant
negative environmental consequences to occur and remediation
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is not feasible offsets and other forms of compensation may be
considered appropriate.
The Panel also recommends that the steps for implementing this
approach set out in Section 9.4.1 of this report be adopted.

The Panel notes that there are some key inferences drawn by the Proponent from data
that the Panel considers inadequate for these purposes. Two in particular are whether
the vegetation survey data is sufficient to support a conclusion that all swamps in the
Project Area are properly classified as headwater swamps and whether the subsidence
data supplied is adequate to support the contention that the risk to swamps from
subsidence impacts is negligible.

Recommendation 19
The Panel recommends that future Director-General’s requirements for
vegetation surveys in relation to upland swamps should specify that the
surveys are to be of an adequate standard and intensity to detect the
presence of valley infill vegetation associations where these might
reasonably be expected to occur.

The Panel’s concerns with the adequacy of the subsidence data and the reliability of
the classification of all swamps as headwater swamps lead the Panel to make specific
recommendations for approval conditions for three swamps (S76, S77 and S92) and
for monitoring of a sample of other swamps that are likely to be exposed to
subsidence impacts early in the mining process.

Recommendation 20
The Panel recommends that in relation to swamps S76, S77 and S92,
the suggested approval conditions set out in Section 9.4.2 should be
considered as the minimum requirements and that a decision regarding
undermining of all or part of these swamps be deferred until conditions
(i) and (ii) of the suggested approval conditions in Section 9.4.2 have
been complied with.

Recommendation 21
The Panel recommends that mining be allowed to proceed under
swamps other than S76, S77 and S92 subject to monitoring of a sample
of swamps from early in the mining process to determine whether
predicted subsidence impacts from both conventional and nonconventional sources are producing significant environmental
consequences. Part of this sample should include swamps subject to
higher levels of predicted impacts from non- conventional subsidence.
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The Panel notes the concerns expressed by the SCI on the lack of knowledge about
the relationship between subsidence effects, subsidence impacts and environmental
consequences for swamps and the recommendation that further research be
undertaken in this area. The Panel also noted that a large amount of monitoring is
already undertaken or proposed for swamps in the Southern Coalfield. The Panel has
therefore set out in Section 9.5 some detailed proposals for improving the knowledge
base.

Recommendation 22
The Panel recommends that a workshop be held involving the relevant
experts from Government agencies, academics from conservation and
mining disciplines, the consulting industry, and the mining industry.
The objective is to identify the existing state of knowledge in relation
to mining and its possible impacts on upland swamps and to explore
the prospect of a comprehensive approach to research and monitoring
that might prove to be more cost-effective than the present project-byproject approach and might bring both greater certainty and increased
speed to the approval assessment process.

19.8.

THREATENED SPECIES & ENDANGERED ECOLOGICAL COMMUNITIES

The Panel’s review of the available information from the EA, submissions and
Government agency experts concludes that no significant impacts are likely from the
mining proposal on either terrestrial threatened species or endangered ecological
communities. However, the Panel notes the request from DECC in its submission that
further survey and population monitoring work be required for the Eastern Ground
Parrot and the suggestion that the monitoring approach used at Barren Grounds may
provide a useful model.

Recommendation 23
The Panel recommends that the survey and population work requested
by DECC for the Eastern Ground Parrot be included in any approval
conditions.
19.9.

ABORIGINAL HERITAGE

The Panel expressed substantial concern in Section 11.0 of this report about the
adequacy of the information contained in the EA for Aboriginal heritage sites – in
particular the absence of non-conventional subsidence data for each site, the
characterisation of the more significant sites and the assessment of subsidence
impacts on them.
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The revised mine plan contained in the PPR appears to present a considerable
reduction in overall risk to highly significant sites, but this needs to be confirmed by a
more detailed subsidence assessment than provided in the PPR.
Recommendation 24
The Panel recommends that Project approval should be conditional on
the production of a new subsidence assessment for the Preferred
Project Plan that incorporates an assessment of mining impacts and
consequences related to Aboriginal Heritage.

Recommendation 25
The Panel also recommends that approval conditions need to
incorporate provisions for monitoring all highly significant sites for the
purpose of comparing predictions of effects and impacts against
measured effects and impacts and implementing mitigation and
remediation measures where practical.
19.10. CLIFFS AND OVERHANGS
The Panel noted the difficulties in predicting subsidence impacts and consequences in
respect of cliff lines and overhangs, but suggests that there is a range of significance
and vulnerability associated with cliff lines and overhangs, with some features and
areas being more susceptible to impacts and more sensitive to consequences than
others. The Panel considers that there is scope for improving the quantification of
both impact and consequence predictions in the Project Area.

Recommendation 26
The Panel recommends that the updated subsidence assessment for the
PPR be required to provide more detailed, site specific characteristics
of cliff lines and an improved assessment of their vulnerability to
subsidence impacts than that reported in the EA.
19.11. SITE WATER MANAGEMENT
There is a substantial difference between the maximum groundwater seepage to the
mine predicted in the EA (182.5 ML/year) and that predicted in the PPR (1277
ML/year) at the completion of mining. The Panel regards both the information on
future site water management and the Proponent’s proposed response as inadequate.
Recommendation 27
The Panel recommends that the approval conditions; as a minimum
require that:
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i. A comprehensive review of projected site water management
be conducted to the satisfaction of the Director General that
covers the various stages in the mine development. The terms
of reference for this review should be framed in consultation
with DECC and the review should be completed within 18
months of project approval.
ii. The Environment Protection Licence for the mine be reviewed
on the basis of information from (i) above, focussing in
particular on whether an unlimited volume discharge remains
appropriate in light of the revised mine water make estimates;
and
iii. After assessing the review report, any required infrastructure
improvements be incorporated within the mine’s water
management plan.
19.12. ECONOMICS AND SOCIAL ASSESSMENT
The Panel considers that the issue of non-market valuation techniques for obtaining
estimates of environmental costs and community attitudes to protection of significant
natural features has enormous potential for use in the EA process. However, concerns
were expressed by the Panel regarding the appropriateness of the context statements
provided in the application of the Choice Modelling technique for non-market
environmental and social impacts in the Metropolitan Coal Project Area. To address
these concerns, further testing of the relationship between the context provided to the
Choice Modelling respondents and the value estimates so obtained is required.

Recommendation 28
The Panel recommends that a study be commissioned to establish clear
guidelines for the conduct of Choice Modelling studies to be used in
assessment of environmental values for significant natural features in
the Southern Coalfield. Specifically, this study should address the
extent to which estimated values vary as the relative scarcity of the
environmental assets under consideration increases. This test would
involve split samples of Choice Modelling respondents being given
different context descriptions.

The validity of the values estimated for the employment (social) impacts of the mine
derived from the Choice Modelling application was also queried by the Panel.
Specifically, the Panel was concerned that the prospects for technological change over
the mine’s life span to change employment structures were not explained in the
questionnaire and that the respondents may not have been aware that the impacts of
mine life reductions were (in most scenarios) many years into the future when there
would be ample time for a smooth transition across employment possibilities. In
regard to the latter issue, the Panel was surprised that the value of an extra year of
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mine life for employment was the same whether the extra year was in the near or far
future.

Recommendation 29
The Panel recommends that the study proposed in Recommendation 28
be expanded to include further research on the non-market social
values of mining.

The Panel requested several ‘follow-up’ sensitivity analyses after reviewing the EA.
The process of assessing proposals of this type would be significantly expedited if
Proponents initiated these sensitivity analyses as a part of the EA. Conceptually,
sensitivity analyses in CBA should be undertaken where there are reasonable doubts
present as to the accuracy of the value estimates used. Typically the implications of
variations in the discount rate uses are tested because of debate surrounding this issue.
In the case of highly uncertain values such as future commodity prices, sensitivity
analyses are warranted. Similarly, where non market environmental and social values
are involved, there are sufficient uncertainties involved to require sensitivity analyses.
Use of the Choice Modelling results in CBA also requires predictions of the extent of
change in the environmental and social attributes to be caused by the proposal. These
changes are not known with certainty and may be the subject of dispute between the
Proponent and its opponents. For instance, there are conflicting views as to how
mining may impact upland swamps. Sensitivity analysis around a range of potential
changes to determine their impacts on the overall CBA outcome would also facilitate
the assessment process.
Recommendation 30
The Panel recommends that a guide be produced for Proponents and
agencies that sets out clearly the analysis required to support a robust
CBA with a view to having all the information required for proper
assessment available in the EA itself.

19.13. PREFERRED PROJECT REPORT
The PPR of April 2009 does not meet the standard expected by the Panel. The
reasons for this view are set out specifically in Section 17.1 of this report and also
throughout the rest of Section 17.0.
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Recommendation 31
In relation to the Area A2, the Panel recommends that it not be
considered as an area of resource sterilised by the Preferred Project
since the Proponent clearly assumes the right to apply to mine it at a
later date.

In relation to protection of the Waratah Rivulet, the Panel notes that the PPR would
not provide for the rivulet to be protected to the level of negligible consequences
(defined as no diversion flow, no change in the natural drainage behaviour of pools,
and minimal iron staining) for a substantial part of its length from Flat Rock Crossing
to the full storage level of Woronora Reservoir.
The Panel concedes that some areas of the rivulet will suffer consequences if a
transitional approach from the existing approved longwalls to the Project Area is
adopted in the interests of preserving mine continuity. However, the Panel regards
the extent of the rivulet that would be subject to consequences under the PPR to be
unacceptable.
Recommendation 32
The Panel recommends that:
•

Mining of Longwalls 20 and 21 be approved as per the PPR.

•

Mining of Longwall 22 be approved subject to noting that
adjustments may be required to meet the environmental
outcomes necessary for Longwall 23 (see below), and

•

The outcome for the Waratah Rivulet at Longwall 23 be set at
‘negligible consequences’ (ie no diversion of flows, no change
in the natural drainage behaviour of pools, and minimal iron
staining) and that this outcome be required for the rest of the
rivulet to the full storage level.

In Section 7.0 of this report, the Panel noted the important values attributed to the
Eastern Tributary and recommended that it be protected to the same standard as the
Waratah Rivulet over its lower reaches. This was defined as the reach north from the
junction of the two tributaries at approximately 6214600N and 312200E, to the full
storage level. The Panel notes that the Proponent also places a high value on the
Eastern Tributary in the PPR.

146

Recommendation 33
The Panel recommends that the outcome for the reach of the Eastern
Tributary between the junction of the two tributaries at approximately
6214600N and 312200E and the full storage level be set at negligible
consequences (ie no diversion of flows, no change in the natural
drainage behaviour of pools, and minimal iron staining).
The position in the PPR in relation to remediation of impacts in the Waratah Rivulet
is not entirely clear to the Panel. However the Panel can see no justification for
failing to remediate impacts for Longwalls 20 to the full storage level noting that, if
the Panel’s recommendations concerning outcomes are adopted, remediation should
not be necessary over much of the reach.

Recommendation 34
The Panel recommends that remediation be required where subsidence
impacts cause diversion of flows or drainage of pools with the
objective of restoring flows and pool holding capacity to pre-mining
levels as quickly as possible. The Panel notes that more than one
remedial effort may be required at an individual feature (eg a rock bar)
given that the total impacts are expected to be associated with
successive longwalls.
The Panel recommends that approval conditions should require close
monitoring of impacts from all longwalls likely to affect such key
features.

There is no mention in either the PPR or the EA of actions to be taken in the event of
the outcomes not being met for the lower reaches of the Eastern Tributary.

Recommendation 35
The Panel recommends that remediation equivalent to that required for
the Waratah Rivulet be applied to that part of the tributary between the
junction of the two tributaries at approximately 6214600N and
312200E and the full storage level. In doing so, the Panel notes that, if
outcomes are met, remediation should not be required.

Adaptive management appears to be limited to the Waratah Rivulet in the EA. The
PPR appears to adopt the same position. The Panel accepts that adaptive management
is not an achievable requirement for Longwalls 20 to 22. However, the Panel
considers that adaptive management is entirely appropriate for Longwall 23 (and
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beyond) providing that the Panel’s recommendations for outcomes at Longwall 23
and beyond are adopted.
Recommendation 36
i.

The Panel recommends that adaptive management be required
for Longwall 23 and beyond.

ii.

The Panel also recommends that adaptive management should
be applicable to the outcomes adopted for the lower reaches of
the Eastern Tributary.

There is no consideration in the PPR of what should occur if impacts exceed
predictions at Longwall 24 and beyond other than that mentioned under restoration for
parts of the Waratah Rivulet and adaptive management. The Panel considers that a
more comprehensive set of options is required to deal with situations where outcomes
for environmental consequences or predicted impacts are not met. These options
should include offsets and compensation as well as remediation and adaptive
management. The appropriate options should be applied to all areas and features
where outcomes or predicted impacts are specified in approval conditions or
subsequent regulatory instruments such as Subsidence Management Plans.

Recommendation 37
The Panel recommends that a comprehensive suite of options be
developed to deal with the situation where outcomes for environmental
consequences or predicted impacts are not met. The appropriate
options should be incorporated into approval conditions for the Project
and measures such as compensation and offsets should be considered
in this context.
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APPENDIX II
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Name
1

DWE

Objection/S
upport
Objection

2

DECC

Objection

3

SCA

Objection

Issue
•
•
•
•
•
•
•
•

Water Management Act 2000
Water Access licence
Aquifer interference
Aquifer management
Previous mining impacts
Iron release contamination
Loss of flow due to subsidence impacts
Further
assessment
requirements
regarding:
groundwater modelling predictions, strain/valley
closure and upsidence predictions,

Required Outcomes:
 baseflows/storage and inflows to Waratah
Rivulet,
 wetland structure and storage;
 fracture connections.
 Riverine water quality
 Sufficient water for all stages of the project has
been obtained.
 Surface and groundwater licensing
 Avoidance outcome
• Southern Coalfield Inquiry
• Waratah Rivulet
• Woronora Dam
• Protection of significant natural features
• Improved level of environmental assessment
• Adaptive management approach
• Aboriginal sites of significance and Aboriginal
cultural heritage management
• Swamps
• Air quality
• Noise
• Waste management
• Greenhouse gas emissions
• Water resources
• The catchment is a designated special area
• Waratah Rivulet
• Previous impacts
• Precautionary approach
• Surface and groundwater connectivity and
management
• Climate change
• Damage to SCA infrastructure
• Water quantity and quality
• Subsidence impacts
• Woronora Dam and Waratah Rivulet
Key Issues are:
 Lack of baseline data
 Demonstration of no net reduction of flows into
the reservoir;
 Historically strong baseline discharges into the
Waratah Rivulet
 Visual evidence of impact on baseflow volumes
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Name

Objection/S
upport

Issue


Surface groundwater interaction;



Knowledge gained from:
o Kangaloon Borefield and implications for
the Waratah Rivulet
o Dendrobium Mine
o Oakdale Mine
Inadequate data regarding estimates of stream
flow reduction and evidence of stream flow
impacts
Remediation measures proposed for only four
rock bars
PUR remediation technique is still being
developed and repeated PUR application will be
required





Conclusions
 Limited data
 Underestimation of extent of fracturing
 Require further mapping/analysis of the
groundwater system
 Net stream flow reduction
 Scale of impacts across the broader catchment
 Consistency with the Southern Coalfields
Inquiry
 Effectiveness of streambed remediation
 Offsets for reduction in stream flow or fractured
catchment
 Adaptive management approach is needed.

4

Nepean
Group

Action

5

Dr Ann Young

Objection

Objection

Require
 Verification of numerical modelling
 Data to confirm scale of impacts and
management responses
 Protection of significant natural features
 Adoption of precautionary approach and
adaptive management
 Consistency with Southern Coalfields Inquiry
 Surface water assessment of the Waratah
Rivulet.
• Formation of the Nepean Action Group
• Protection of the State’s water resources
• Previous impact of mining activities on water
systems in NSW
• Water systems currently under threat from mining
activities
• Recommendations of the Southern Coalfields
Inquiry
• Commission should consider disposal of mine
wastewater in the Sydney Catchment, local and
maintenance of coal waste emplacement, and future
management of acid mine drainage and drinking
water.
• NSW mining approvals process
• Support the preparation of a model for risk based
assessment
• Damage of HCPL operation to Waratah Rivulet
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Name

Objection/S
upport

Issue
•
•
•
•
•
•
•
•
•

6

7

Sutherland Shire
Environment
Centre

Total Environment
Centre

Objection

Objection

8

Rivers SOS

Objection

9

Colong
Foundation

Objection

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Environmental management
Subsidence cracks and loss of water
Lack of baseline data and short period of modelling
Adaptive mining strategy
Leakage of water from surface to subsurface
Return of leaked water to flow further downstream
and the quality of this water
Effect of disruption to the shallow groundwater
system
Separation of groundwater systems may be breached
by mining
Impact of past mining activities on the Waratah
Rivulet
Remediation techniques
Southern Coalfield Inquiry
Adaptive management strategy
Subsidence analysis
Surface water
Groundwater
Water Storage area
Flora and fauna
Carbon pollution
State Government responsibilities in mining
administration
Mining licence process
Risk Management Zones
Baseline data for water flows into the storage area
Remediation measures
Post mining residual damage
Precedent set by the Metropolitan Coal proposal
Previous impact of mining at Metropolitan Colliery
Southern Coalfields Inquiry and their previous
submission
Waratah Rivulet
Remediation technique proposed
Strategy based on remediation rather than prevention
Dendrobium Mine impact on swamp
Subsidence impacts on water bodies and swamps
Lack of baseline data across the catchment
Public consultation process
Impact of previous mining operations by HCPL’s
Environmental impacts
Cumulative impacts
Responsible mining
Underground emplacement of reject material
Submission to Southern Coalfield Inquiry
Previous impacts of mining in the catchment
Remediation technique
Precautionary approach for areas of high
environmental sensitivity
Reynolds Inquiry
BHP practices of avoiding mining under Wongawilli
Creek
Impact on water supply
Importance of the Woronora special area
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10

Name

Objection/S
upport

Sutherland
Climate
Action
Network

Objection

Issue
•
•
•
•
•
•
•
•
•
•

11

Ms Noelene Baker

Objection

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

12

Mr Don Baker

Objection

13

Dr Phillip Laird

Objection

14

Mr Murray Scott

Objection

15

Illawarra
Community and
Environment
Connection

Objection

•
•
•
•
•

Objection

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

16

National
Parks
Association

Risk Management Zones and Protection Zones
Waratah Rivulet
Waratah Reservoir supply catchment
Water supply to Sutherland Shire and parts of the
Illawarra
Previous impacts of longwall mining on feeder
streams and flat rock swamp
Impact of swamps, Lake Woronora, swamps and
Aboriginal heritage sites
Carbon dioxide from coking coal production
Alternative sources of energy
Need for sustainable industries
Broader policy needed to address greenhouse gas
emissions from mining
Climate change
Impact of longwall mining on infrastructure and the
natural environment
Impact of longwall mining under water systems
Climate change
Alternative sources of energy
Mining creates jobs
Water supply system
Importance of water as a resource
Mining damage to the Cataract River
Social and environmental responsibilities
Water supply
Environmental health
Natural remediation of impacts
Waratah Rivulet
Impact on:
Sydney Water Catchment
road and rail infrastructure
external costs of road haulage or coal and coal
washery discard
Greenhouse gas emissions
Alternative sources of energy
Subsidence effects
Impact on air quality, noise and transport
Ecologically Sustainable Development and the
Precautionary Principle
Climate Change
Biodiversity and flora and fauna
Water supply
Heritage
Food supply
Health
Wollongong LEP prohibits mining
Total cost of remediation proposed
Effectiveness of PUR technique
In favour of a phased approval process
Precautionary approach to be followed
Project approval process
Community consultation
Southern Coalfield Inquiry
Infrastructure
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Name

Objection/S
upport

17

United
Workers

Mine

18

Walter Mining

Support

Support

Issue
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Subsidence impacts and relationship to panel width
Swamps
Groundwater
Surface water
Terrestrial flora and fauna
Aboriginal heritage
Waratah Rivulet adaptive management
Proponent’s Statement of Commitments
Project construction
Water management
REP No.2 George’s River Catchment
Subsidence Management Plans
Adaptive management and rehabilitation
Subsidence
Potential employment generation
Adaptive management techniques
Subsidence
Potential employment generation
Risk management
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