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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
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at a different scale then the original data acquisition may have intended. This is particularly pertinent
for the larger scale maps.
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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

The Bulli Seam Operations Project relates to the continuation of longwall mining
operations at the Appin Mine and West CIliff Colliery within existing coal leases and
new mining leases and extends the life of the mine by approximately 30 years. The
Colliery is located about 25km north-west of Wollongong in NSW. It is owned and
operated by Illawarra Coal Holdings Pty Ltd (ICHPL), a wholly owned subsidiary of
BHP Billiton Pty Limited.

The Minister for Planning referred the Project Proposal to the Planning Assessment
Commission (PAC) for review and advice on the significance and acceptability of the
potential subsidence related impacts of the project on significant natural features, built
infrastructure and the values of Sydney’s drinking water catchment, and for
recommendations as to appropriate measures to avoid, control, or offset these impacts.
The Minister also requested that the PAC hold public hearings and provide comment
on issues raised in submissions and public hearings.

The Commission (Panel) was constituted by Professor Jeffrey Bennett, Emeritus
Professor Jim Galvin, Dr Col Mackie, Dr John Tilleard and Dr Neil Shepherd AM
(Chair). The Panel proceeded by way of examination of the Environmental
Assessment (EA) and of other relevant documents, the receipt of submissions, public
hearings, examination of experts, field inspections and meetings of the Panel. The
Panel also directed formal questions to the Proponent and to a number of government
agencies.

The Project proposes to produce 260 million tonnes of product coal over 30 years, the
primary product being coking coal. The Project is estimated to create 3300 jobs
directly and indirectly for the region. The EA assesses net production benefit at
AUD 10.31b.

By any standards this is a very substantial and complex project proposal.

The Study Area covers more than 220 km?, is within 60 km of a capital city (Sydney)
and a number of regional cities (including Wollongong, Campbelltown, Liverpool,
and Penrith), is adjacent to the population growth centre of Macarthur, and straddles
the main transport and services corridor connecting Sydney with Canberra and
Melbourne. It encapsulates towns and villages, elements of the water supply system
for Sydney, a national highway, a national railway line, national gas supply pipelines,
national telecommunication networks, industrial complexes, farms, recreational areas,
air strips, and all the services that support such infrastructure (water, sewerage, gas,
electricity, communication systems, survey control stations etc). As such, it contains a
vast number and range of built structures, including 1294 houses, 4356 rural
buildings, kilometres of hardware (e.g. water supply lines and optical cables), major
roads and bridges, commercial and retail premises, large factories, etc. The vast
majority of this built infrastructure is in the western portion of the Study Area (i.e.
West CIiff Area 5 and Appin Areas 7, 8 and 9).



There is also a multitude of significant natural features in the Study Area including
632 identified Aboriginal Heritage sites, 634 cliffs, 226 upland swamps, 47 streams of
3" order or above (compared with two in the Metropolitan Study Area) and a
substantial number of Endangered Ecological Communities (EECs) and threatened
species. The majority of the significant natural features are found in the eastern and
southern portions of the Study Area (i.e. North Cliff, Appin Area 2 and Appin Area 3)
which also overlap substantially with Dharawal State Conservation Area and the
Sydney Catchment Authority’s (SCA’s) Metropolitan Special Area. Substantial parts
of this area are in pristine or near-pristine condition and the area is also a significant
contributor to drinking water supply for the Sydney Region.

Guided by the Terms of Reference, 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 valley sides can impact
severely on natural and man-made features in these areas because it causes uplift and
buckling of valley floor strata and closure of the valley. 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, and
compression and distortion of man-made structures that cross valleys. Conventional
subsidence usually results in less severe impacts, but these can be distributed over a
much larger region.

Mining-induced subsidence has the capacity to impact on both built infrastructure and
natural features and the impacts can range from negligible to destruction of form and
function. The complexities of predicting subsidence effects and impacts, the possible
consequences for infrastructure and natural features that may arise from these impacts
and the possible management approaches to avoid, mitigate or remediate them, are the
subject of a substantial part of this Report. Overall, much more is known about both
impacts and their management in relation to built infrastructure than is known about
impacts and management for natural features.

The adequacy of the information on which to base an assessment of the Project
Proposal and provide advice pursuant to the Minister’s direction (Annexure 1) was a
major concern for the Panel. Summarised, the Panel’s conclusions are that the basis
for any advice from the Panel as to whether the threshold for in-principle Approval
has been reached should depend on:

0] whether the public process has allowed both the public and
government agencies to consider the fully-disclosed risks of negative
consequences of the proposed Project;

(i)  whether the Panel’s enquiries have been able to provide satisfactory
answers to concerns;

(ili))  whether the impacts from the project on built infrastructure and natural
features in the Project Area have been characterised sufficiently to
allow assessment of both the likely consequences from those impacts
and the significance of those consequences; and



(iv)  whether the relative magnitudes of the positive and negative
consequences of the proposed project have been assessed by a rigorous
process that properly estimates both the proposed mining benefits and
the potential costs.

If the Panel considers there is insufficient information for a proper assessment to be
made to support a recommendation for Approval, then the Panel appears to have only
two options available in giving advice, namely:

0] recommend rejection of the Project Proposal;

(i) recommend consideration of Approval, but only contingent on
performance criteria that are sufficiently robust to ensure that
appropriate protection is afforded to the built infrastructure and natural
features from the potential adverse impacts of the proposal, and that
the subsequent processes are tightly controlled to give a very high level
of assurance that the performance criteria and other conditions in the
Approval will be met by the proposed extraction.

The Panel found the information provided by the Proponent to be deficient in many
circumstances. Either the information was not available at the time the EA was
exhibited (and therefore unable to be scrutinised by the public and other groups
including government agencies) or the information was simply inadequate for the
purposes of rigorous assessment of the proposal. In the latter context the expressions
‘inadequate’ and ‘manifestly inadequate’ appear throughout the report in relation to
the information on which the Panel was meant to assess the likely subsidence-related
impacts of the proposal on significant natural features, including groundwater. The
weakness in the information base for natural features was recognised by all
government agency submissions (including DII, NOW, SCA and DECCW),
submissions and comment by the three relevant councils (Wollondilly, Campbelltown
and Wollongong), by most Special Interest Groups, and by many individuals.

The information deficiencies are compounded by inclusion in the proposal of a
capacity to alter the Base Case mine layout — both in terms of longwall location
within the Mining Area and longwall panel width. The Panel has noted the
considerable increase in potential subsidence-induced impacts that could arise from
the as yet unspecified increases in longwall panel width.

The Panel is of the view that the deficiencies in the information supporting the
Proposal are sufficient to warrant a recommendation of no Approval for the eastern
and southern portions of the Study Area. The consequences of allowing the project to
proceed in these areas are potentially very significant: the various protections for
significant natural features are ‘turned off” by the Part 3A process, the timeframe is at
least 30 years and the opportunity for third parties to appeal on the merits is
extinguished.

However, the Panel considered it may be possible to construct an Approval that would

cope with the deficiencies in information and still produce an acceptable outcome. As
noted above, it would require setting rigorous performance criteria in the Approval



Conditions (essentially outcomes to be met in relation to protection of infrastructure
and significant natural features) and ensuring that any subsequent processes were
tightly controlled so that the regulator was satisfied that the proposals for extraction of
individual longwalls would meet the performance criteria.

Two broad options for proceeding down this path are suggested in this Report. The
first is to set the performance criteria for each category of infrastructure or significant
natural feature (or individual items or features where this is more appropriate) across
the entire Study Area. The suggested criteria are contained within the individual
Chapters and the formal recommendations in Chapter 18. The main problem with this
option is that some key information for assessment of ‘special significance’ of some
significant natural features is not available (some of the work has not been
commenced, or undertaken at all) and this may warrant deferral of any Approval until
the information is available.

The second is to take a different approach based on known aggregations of significant
natural features and provide adequate protection to the aggregation on the basis that
this will produce a better overall result for both the mining proposal and the
environmental and cultural heritage attributes of the Study Area. This is the
Geographically-Based Alternative described in Chapter 17. The Panel recommends
that this approach be adopted (described as ‘Defined Area’ in Chapter 17) and that the
Defined Area shown in Figure 61 be adopted as the minimum area for protection of
significant natural features under this option.

What both of these approaches do is allow mining to proceed in the west and north of
the Study Area while the Proponent proves that it is capable of meeting the outcomes
required in the east and south.

The Panel is clearly of the view that the level of impacts proposed in the BSO Project
Proposal for some significant natural features are no longer acceptable practice. A
simple example will suffice to make the point. The level of subsidence-induced
damage to Waratah Rivulet (Woronora Catchment) that was allowed to occur in 2004
was determined to be not acceptable in the Approval issued for the Metropolitan Coal
Project in 2009. The Panel’s assessment is that there are more than 50 km of streams
in the Study Area with similar stream characteristics to Waratah Rivulet. Some of
these are protected by the Proponent in the Base Case mine layout. But others are
proposed to be subjected to the same (or worse) subsidence impacts as occurred at
Waratah Rivulet. The Panel is of the view that it is no longer a viable proposition for
mining to cause more than negligible damage to pristine or near-pristine waterways in
drinking water catchments or where these waterways are elements of significant
conservation areas or significant river systems. As noted in the Metropolitan PAC
Report,* this level of damage would not be acceptable in any other assessment of
water resource use.

The Panel also concludes that there is a problem with allowing the Proponent to
assess what is of ‘special significance’ and what is not. Attribution of special
significance to an item or feature carries with it a requirement for a much higher level
of scrutiny and consideration of protection and may therefore require changes to the

! DoP (2009a), p.58.



mining proposal. The Panel in the Metropolitan PAC Report noted that there was an
element of subjectivity in the allocation of special significance status. The
Proponent’s subjective view yielded one (possible) item of special significance in the
whole 220 km? of the Study Area — the Nepean River. None of the other 46 streams
classed as 3" order and above, none of the 226 upland swamps, none of the 634 cliffs
(including Appin Falls) and none of the 632 Aboriginal Heritage Sites in the Study
Area succeeded in crossing the Proponent’s threshold for special significance. This
was in stark contrast to the submissions by government agencies, special interest
groups and the public, which identified many such items, usually supported by
credible evidence.

The Panel’s conclusion is that the Proponent’s assessment of ‘special significance’ is
not credible and cannot be relied upon. The Panel’s assessments of special
significance for individual items and classes of features are contained within the
relevant Chapters of this report.

There are detailed findings and recommendations in the Report covering the matters
specified in the Terms of Reference for each of the categories of significant natural
features identified in the report of the Southern Coalfield Inquiry. Likewise, there are
detailed findings and recommendations covering the various major items and
categories of built infrastructure that may be impacted by the proposed Project. These
findings and recommendations are summarised in Chapter 18 for the whole report.

Undoubtedly there will be claims that the Panel’s recommendations will either
jeopardise the Project as a whole or substantially reduce its life and/or profitability.

The Panel’s recommendations clearly do not do the first of these: the Project Proposal
would be relatively intact in the western and northern areas. As for the eastern and
southern areas, the recommendations will only affect the mining proposal to the
extent that the mining company is precluded from causing unacceptable damage to
significant natural features and some built infrastructure (dams, tunnels, etc). Mining
is not prohibited: unacceptable outcomes are prohibited.

The Panel has not had access to commercial-in-confidence information that would
allow a detailed assessment of the impact of its recommendation on the financial
profitability of the mining operation. It has however attempted to gain an
appreciation of the impact of its recommendations on the overall well being of society
given the relativities of the benefits and costs involved. The analysis reported in
Chapter 17 shows that the benefits of protecting significant natural features in the
eastern and southern areas are likely to be of a similar magnitude to the mining profits
that would have to be given up to ensure that protection. So while protection of the
significant natural features would involve lower mine profitability, it is likely that
society as a whole would gain more from the environmental protection recommended
than it would lose in terms of foregone profits.
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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

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.

ARTC: Australian Rail Track Corporation.

AWBM: Australian Water Balance Model.

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.

BHPB: BHP Billiton.

BSO: Bulli Seam Operations.

CBA: Cost Benefit Analysis

CCC: Campbelltown City Council.

CM: Choice Modelling.

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.
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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.

DII: Department of Industry and Innovation.

DPI: Department of Primary Industries.

DEECW: Department of Environment, Climate Change & Water.

EA: Environmental Assessment.

EEC: Endangered Ecological Community.

EP: Extraction Plan.

EPBC: Environment Protection and Biodiversity Conservation.

GDE: Groundwater dependent ecosystem.

ICHPL.: Illawarra Coal Holdings Pty Limited.

LEC: Land and Environment Court.

MSB: Mine Subsidence Board.

MSEC: Mine Subsidence Engineering Consultants.

NGO: Non Government Organisation.

NOW: NSW Office of Water.

NPWS: National Parks and Wildlife Service.

PAC: Planning Assessment Commission.

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
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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.

SRMP: Swamp Risk Management Plan.

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.
THPSS: Temperate Highland Peat Swamp on Sandstone.

TSC: Threatened Species Conservation.

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
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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.

WSC: Wollondilly Shire Council.

Risk Assessment Terms

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.

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.
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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 13 November 2009, the former Minister of Planning issued three directions to the
Chairperson of the Planning Assessment Commission (PAC), the first being to:

1.

(a) Carry out a review of the potential subsidence related impacts of
the Bulli Seam Operations Project on significant natural
features, built infrastructure and the values of Sydney’s drinking
water catchment, taking into consideration the recommendations
of the Southern Coalfields Inquiry;

(b) advise on the significance and acceptability of these potential
impacts, and to recommend appropriate measures to avoid,
minimise, manage, remediate or offset these impacts; and

(c) identify and comment on any other significant issues raised in
submissions regarding the Bulli Seam Operations Project or
during the public hearings.

The Terms of Reference (ToR) stated that the Commission (Panel) was to be
constituted of the following members:

e A member of the PAC

e Professor Jeffrey Bennett

e Emeritus Professor Jim Galvin
e Dr Col Mackie

e Dr John Tilleard

Dr Neil Shepherd, a member of the PAC, was appointed as Chair of the Panel.

The ToR also directed that public hearings were to be conducted as part of the review
and that the Commission was to provide its report by 30 April 2010.

A copy of the full ToR is provided in Annexure I.

On 1 April 2010, the Chair of the Commission wrote to the Minister requesting an
extension to the reporting time from 30 April 2010 to 16 July 2010. This request was
granted by the Minister.

The Bulli Seam Operations Project relates to the continuation of longwall mining
operations at the Appin Mine and West Cliff Colliery within existing coal leases and
new mining leases and extends the life of the mine by approximately 30 years. The
Colliery is located approximately 25km north-west of Wollongong in NSW. It is
owned and operated by Illawarra Coal Holdings Pty Ltd (ICHPL), a wholly owned
subsidiary of BHP Billiton Pty Limited.



2.0 METHOD OF OPERATION

2.1. PANEL MEETINGS

Through the course of the review, the Panel convened several meetings and met with
external parties on several occasions. Meetings with external parties are detailed in
Table 1 below.

Table 1:  Dates of PAC Meeting with External Parties
Date Meeting with Location
16/11/09 Department of Planning (DoP) PAC offices
17/1109 The Proponent (ICHPL) and their consultants PAC offices
Field Inspection
23/12/09 SCA (see Table 2)
12/01/10 Sydney Catchment Authority (SCA) PAC offices
06/01/10 Field inspections
07/01/10 The Proponent (ICHPL) (see T;fble 2)
08/01/10
Department of Environment, Climate Change and .
16/01/10 Water (DECCW) PAC offices
16/01/10 Department of Industry and Investment (DI|I) PAC offices
Wollondilly Council
11/03/10 Wollondilly, Wollongong and Campbelltown Chambers — also a field
Councils inspection (see Table 2
below)
25/3/10 NGOs and residents Field Inspection
(see Table 2)

2.2. PuBLIC HEARINGS AND SUBMISSIONS

In accordance with the Panel’s ToR, Public Hearings were held on 17 and
18 February 2010 at Appin House. A total of 23 verbal submissions were made to the
Panel at the hearings, comprising 2 from Local Governments, 11 from special interest
groups, 9 from individuals and 1 from a mining company.

2.3. DOCUMENTATION

Through the course of the review, the Panel accessed a wide range of documents
including:

e the Southern Coalfield Inquiry (SCI) Report;

e the Metropolitan Coal Project Review Report (2009)

e the Proponent’s Environmental Assessment (EA) Report;

e the Proponent’s Response to Agency Submissions dated April 2010;

e the Proponent’s Draft Response to Public Submissions dated February 2010;



2.4,

The Proponent’s Response to Questions from the PAC Panel (excluding
Questions 9-28) dated February 2010;

The Proponent’s Response to the Department of Climate Change and Water
Submission. March 2010.

the Proponent’s Response to the Public Hearings dated 25 March 2010;

the Proponent’s Response to Wollondilly Shire Council Submission undated,;
the Proponent’s Response to Questions 9 to 28 from PAC Panel dted April
2010;

additional information provided by the Proponent and their consultants;
submissions from Government Agencies and the public; and

additional information from government agencies.

INSPECTIONS

Several field inspections were conducted by members of the Panel, details of which
are provided in Table 2 below.



Table 2:

PAC Field Inspections

Date

Air/Ground

Features Inspected

23/12/2009

Air

BSO Project area

Ground
(with SCA)

Swamp WOR-S5a, North CIiff;
Cataract Reservoir Tributary 2 & "Green Swamp"
(CT1-Sh), Area 2.

6/1/2010

Ground
(with ICHPL)

Jutts Crossing

Marhnyes Hole

Georges River — Current mining area

Lower Stokes Creek

Lower O’Hares Creek and Cobbong Creek
O’Hares Creek at confluence of Dahlia Creek
Swamp STC-24

7/1/2010

Ground
(with ICHPL)

Moolgun Creek Bridge
Douglas Park Drive

Allen’s Creek

Morton Park Bridge

St James Church, Menangle
Razorback

Douglas Park Twin Bridges
Main Southern Railway
Nepean River

Douglas Park Twin Bridges
Cataract River

Broughton Pass Weir

Picton Road Bridge

Simpson Creek

Upper Canal - Longwall 409
Undermined section of Mallaty Creek
Gas pipeline mitigation

St Beddes Church, Appin
West Cliff Colliery

8/1/2010

Ground
(with ICHPL)

Wallandoola Creek (Wall)
Swamp 18

29/01/2010

Ground

Cordeaux Colliery — borehole core

11/3/2010

Ground
(Panel only)

Allens Creek
Tahmoor Township - Surface subsidence of

12/3/2010

Ground
(with ICHPL)

Undermined sections of Stokes Creek

25/3/2010

Ground
(with NGOs)

Dahlia Creek swamp and downstream section




3.0 CONTEXTUAL MATTERS

3.1. MINING APPROVALS PROCESS

In 2005, major changes to the mining approvals process were introduced via the State
Environmental Planning Policy Major Projects 2005 (now the Major Development
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 the
Bulli Seam Operation, must first prepare a brief Preliminary Environmental
Assessment. This assessment is then used by the Department of Planning (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 Preferred
Project Report (PPR) which may include a revised mine plan.

If a Response to Submissions 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.

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).



3.2. SOUTHERN COALFIELD INQUIRY

The Southern Coalfield Inquiry (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 Bulli Coal Operations Project Panel require the Commission to take
into consideration the recommendations of the SCI that were tabled in July 2008.
These have been previously been applied to the assessment of Metropolitan Coal
Project and the reader is referred to the Panel’s report in that matter for a
comprehensive list of the issues. Suffice to state that recommendations of particular
importance to assessing the BSO Project are:

1. Risk Management Zones (RMZs) should be identified for all significant
natural features which are sensitive to subsidence impacts including from both
conventional and non-conventional sources. Significant features include inter
alia rivers, significant streams, significant cliff lines, aboriginal heritage sites
and upland swamps.

2. RMZs for watercourses should be applied to all streams of 3" order or above,
in the Strahler stream classification. RMZs should also be developed for
major cliff lines and overhangs not directly associated with watercourses.

3. 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;

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 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.

4.  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 (Highly significant natural features are classified as
features of ‘special significance’ in this report).



10.

11.

12.

13.

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.

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.

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.

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 DECCW and SCA), this engagement should
begin prior to the planning focus stage of a project application.

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.

The coal mining industry and Government should undertake additional
research into the impacts of subsidence on both valley infill and headwater
swamps.

The coal mining industry should undertake additional research into means of
remediating stream bed cracking.

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.

The coal mining industry should escalate research into the prediction of non-
conventional 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.



14.  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.

3.3. GENERAL PARAMETERS FOR THE BSO PROJECT
3.3.1. Project Area

The Bulli Seam Operations (BSO) for which the Environmental Assessment (EA) was
prepared is referred to in the EA as ‘the Project’ and stated to ‘provide for the
continuation of existing underground operations at the Appin Mine and West Cliff
Colliery?. These underground coal mines are owned and operated by Illawarra Coal
Holdings (ICHPL), a subsidiary of BHP Billiton Pty Limited (BHPB). Appin Mine
has two pit tops, namely Appin East (formerly known as Appin Colliery) and Appin
West (formally known as Tower Colliery).

The EA states that the main activities associated with the Project would include:

e continued development of underground mining operations within existing coal
leases and new mining leases;

e ongoing exploration activities within existing exploration tenements;
e upgrade of the existing West Cliff Washery;

e continued mine gas drainage and capture for beneficial utilization at the West
CIiff Ventilation Air Methane Project (WestVAMP);

e continued generation of electricity by the existing Appin-Tower Power Project
utilizing coal bed methane drained from the underground mine workings;

e upgrade of existing surface facilities and supporting infrastructure;

e continued and expanded placement of coal wash at the West Cliff Coal Wash
Emplacement;

e continued road transport of product coal from the West Cliff Washery via the
public road network to BlueScope Steelworks, Port Kemble Coal Terminal
and Coalcliff Coke Works;

e ongoing surface monitoring and rehabilitation and remediation of subsidence
impacts; and

e other associated minor infrastructure, plant, equipment and activities.*

2 EA, Vol. 1, Executive Summary, p.ES-1.
*EA, Vol. 1, Executive Summary, pp.ES-1 to ES-7.



Figure 1 shows the location of these proposed activities on a regional scale.
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The underground mining areas for the Project have been divided into seven mining
domains which define the Extent of Longwall Mining as shown in Figure 2. The
longwall layout in each mining domain is referred to variously in the EA as the ‘E4
Base Plan Longwalls’, the ‘EA Base Plan Longwall layout’ and the ‘Base Case
layout’. The concept of ‘Base Case’ arises because ICHPL propose that this mine
layout may change over the life of the Project. The Panel has adopted the
terminology ‘Base Case layout’ to mean the longwall panel layout defined in Figure
2.

Appendix A (Subsidence Assessment) defines the surface area that is likely to be
affected by longwall mining in the proposed mining domains as constituting the Study
Area. This Study Area comprises the area within the Extent of Longwall Mining for
each mining domain and that extending 600 m beyond the Extent of Longwall
Mining, Figure 2. The 600 m extend zone around the Extent of Longwall Mining is
based on subsidence effects dissipating over this distance. The Study Area as shown
in Figure 2 has been adopted in most studies related to the EA. In the case of the
Aboriginal Cultural Heritage Assessment, for example, an east-west line has been
drawn to connect the northern extremity of the Study Area in Area 5 with that of
North CIiff so as to encapsulate the existing and proposed workings, surface facilities
and the coal wash emplacement area within the Study Area®.
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Figure 2:  Mining Domains Associated with the BSO Project

® Ea, Appendix G, Figure 10.
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The Extent of Longwall Mining boundary effectively encapsulates the footprint of the
longwall panels in each mining domain. In some cases, it also includes areas reserved
for underground access roads to the longwall panels and areas where longwall panels
have been offset in order to limit subsidence impacts on overlying natural and man-
made surface features®.

ICHPL states’ that ’subject to detailed design, underground mine development
workings (i.e. non-subsiding) may also occur outside of the extent of longwall mining
area’. This proposition is open-ended. It places no limit on the extent of so-called
‘non-subsiding’ mine workings that the Panel is being requested to approve. The
Panel is unaware of any other EA related to underground coal mining that has not
addressed the design and layout of development roadways in order to permit an
assessment of the likelihood that they will indeed result in a non-subsiding outcome.
The matter assumes added importance in this case because such workings are likely to
be located within the buffer zones left to protect significant or sensitive surface
features.

In order to progress this assessment, the Panel adopted the following approach:

1. The outline of the Study Area constitutes the limit of main development
workings permitted under any approval that may flow from this assessment.

2. Main development roadways are the only form of mining permitted within the
600 m zone between the Extent of Longwall Mining and the boundary of the
Study Area.

3. Longwall mining and main development roadways are the only forms of
mining permitted within the Extent of Longwall Mining under any approval
flowing from this assessment.

4. Provided that the design of main development roadways results in negligible
subsidence-related impact on natural and man-made surface features, the
layout of all main development roadways within the Study Area can be
approved through the Extraction Plan process prior to commencement of such
development.

There are numerous references throughout the EA to the Project area and a wide
range of studies, surveys and management measures which underpin the EA are
reported in the context of the Project area. However, the term has not been defined in
the EA and has been used in a number of contexts. For example, Appendix O
(Upland Swamp Risk Assessment) equates the ‘Project area’ to the Study Area
associated with the proposed seven new mining domains® whilst reference to ‘Project
area’ in VVolume 1 in respect of air quality encapsulates Appin Mine and West CIiff
Colliery surface facilities’. Appendix | (Noise Impact Assessment) refers to the
‘Project area and surrounds’ supported by a Figure which shows the Extent of

® The Base Case layout does not preclude developing access roadways in these offset or ‘buffer’ zones.
" EA, Section 2, p.2-1.

8 EA, Appendix O, p.OB-16.

*EA, Volume 1, ES-17.
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Longwall Mining for the proposed mining domains, existing mining facilities and
surrounding districts™.

Given the wide and often generalised usage of the term ‘Project area’ in the EA, the
Panel has chosen to associate the term ‘Project area’ in the context of a particular
study attribute as indicated by the examples given above.

3.3.2. Regional Setting and Mining Parameters

A stratigraphic section which the EA presents as indicative for the BSO Study Area is
shown in Figure 3.

The uppermost geological unit identified in the section is the Ashfield Shale of the
Wianamatta Group (often referred to as Wianamatta Shale) which comprises
chocolate coloured shales and ‘is prominent in the West Cliff Area 5, Appin Area 7,
Appin Area 8 and Appin Area West [Area 9] domains.*"> This unit outcrops over
much of the western part of the BSO Project Area while relatively minor occurrences
are noted in eastern parts of the area as indicated by the geological map (green shaded
areas on Figure 4). This unit weathers to a more subdued topography and more
favourable soil type than the steeply dissected terrain associated with the underlying
Hawkesbury Sandstone. As a result, much of the shale domain within the Project
Area has been exploited for farming and agriculture; swamp lands are rare in this
terrain.

The Hawkesbury Sandstone underlies the Ashfield Shale in western areas but
outcrops over much of the eastern part of the project area (North Cliff and Appin
Areas 2 and 3 Extended). The unit comprises thickly bedded or massive quartzose
sandstones varying from fine to coarse grained and exhibiting variable and often
favourable permeability and porosity conducive to groundwater storage and
transmission.  Sandstone terrain is commonly identified with a dissected plateau
yielding steep sided gorges, extensive cliff lines and a drainage system that is largely
joint controlled. The SCA Special Areas and the Dharawal State Conservation Area
constitute a large part of this terrain within the Study Area while eastern parts of the
plateau host extensive swamp lands.

Y EA Appendix I, Figure 11-2.
L EA, Appendix B, p.11.
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Figure 3:  Indicative Stratigraphic Section for the BSO Study Area*?

Below these stratigraphic units there is a variable sequence of sandstones and
claystones overlying the Bulli Seam. The Bald Hill Claystone resides at the base of
the Hawkesbury Sandstone.

The Bulgo Sandstone resides beneath the claystone. This sandstone unit is frequently
interbedded with siltstone layers, the interval of interbeds being typically 2 to 5 m.
The bedding planes in the sandstone and the interfaces between sandstones and
siltstones are horizons of weakness along which bed movements and bed separation

2 EA, Appendix A, Fig 1.1.
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might occur when undermined. The Bulgo Sandstone has been previously targetted
for injection of waste water and has more recently been the focus of research to assess
bed separation and the potential for coal waste injection®>. Remaining deeper strata
are summarised in Appendix B of the EA.

The depth of cover over the Bulli Seam varies between a minimum of around 300 m
in Area 2 to a maximum of around 850 m in Area 9. Average depth across the seven
mining domains ranges between 400 m and 600 m, which characterises the BSO
Study Area as ‘deep’ by Australian coal mining standards. Seam thickness varies
from a minimum of 1.5 m in Area 2 to a maximum of 3.6 m in Area 9 but typically
ranges from 2 to 3 m across the Project Area.
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Figure 4. Geological map showing Ashfield Shale and Hawkesbury Sandstone

In the Base Case layout, the voids created by the longwall panels are generally 310 m
wide, although some range up to 340 m. The EA presents some limited sensitivity
analysis related to increasing void width in increments to 500m (whilst remaining
within the outline of the Extent of Longwall Mining).

3.3.3. Subsidence Statutory Processes

Under Section 138 of the Coal Mines Regulation Act 1982, no method of mining
other than bord and pillar mining (first workings) was permitted except with the
approval of the Minister (responsible for Mineral Resources) given on the
recommendation of the Chief Inspector of Mines and subject to such conditions as the

3 ACARP Report C16023
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Minister may impose. When the Coal Mines Regulation Act 1982 and its associated
regulations were replaced in December 2006 with the Coal Mine Health and Safety
Act 2002 and the Coal Mine Health and Safety Regulation 2006, these requirements
were captured in Clause 88 of the Regulation. These acts were originally
administered by the Department of Mineral Resources (DMR), which was then
incorporated into the Department of Primary Industries (DPI) which, in 2009, was
incorporated into the Department of Industry and Innovation (DI1).

Risks relating to safety and surface subsidence are important considerations in the
mining method approval process. Therefore, the Mines Inspectorate Branch and the
Subsidence Engineering Branch, which reside within the Department of the day
administering mining legislation (DMR/DPI/DII), have considerable input into the
approval process, as may the Mine Subsidence Board (MSB) which is also
administered by the same government Department. Since March 2004, approval to
use an underground mining method other than bord and pillar mining would not be
granted by DPI/DII without the preparation of a Subsidence Management Plan (SMP)
which, amongst other things, incorporated groundwater and surface water
management™.

Part 3A of the Environmental Planning and Assessment Act 1979 (EP&A Act) was
passed in August 2005 specifically to deal with the complexities of major projects,
such as coal mines. The legislation exempts approved major projects from requiring a
significant number of other statutory approvals. Furthermore, other statutory
approvals cannot be refused for an approved project, and those approvals must be
‘substantially consistent’” with the project approval. Amendments made to the Mining
Act 1992 in association with the passage of Part 3A of the EP&A Act now require
mining methods and safety measures to be addressed in project approvals and
development conditions.

The SCI Report provided a flow sheet of the approvals process envisaged for
Southern Coalfield coal mines as at 2010%. This showed how the Part 3A assessment
process was intended to result in a suite of management plans as part of any
conditions of approval. One of these management plans was a SMP and was notable
from the other management plans in the process in-so-far as regulatory responsibility
for it was assigned to DPI (which administers coal mining legislation) rather than to
DoP (which administers Part 3A).

Subsequently, the PAC has assessed the EA for the Metropolitan Coal Project’®. The
DoP has incorporated subsidence related approval conditions for this project into a so-
called Extraction Plan (EP), which must be prepared to the satisfaction of the
Director-General of DoP. However, the approval conditions require that those
components of the Extraction Plan which relate to resource recovery and subsidence
must also be prepared to the satisfaction of the DI1*".

There are three areas of particular relevance to DII in respect of subsidence, namely:

“ The EA for the BSO Project, this PAC report, submissions and supporting documentation make a
number of references to DPI requirements and responsibilities which now reside within DII.

> DoP (2008), p.100, Figure 44.

'° DoP, 2009a.

" DoP, 2009b, p.6.
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1. Regulation of safety. A range of safety hazards are associated with the
undermining of surface features. Examples relevant to the BSO Project
include:

e Train derailment

e Fractures and humps in road surfaces
e Rupture of gas pipelines

e Dam and weir failure

e Rock falls

The Minerals and Petroleum Division of the DIl is represented in a range of
forums concerned with safety risks arising from subsidence. These include the
Dam Safety Committee and various Technical Committees concerned with the
subsidence effects on critical items of infrastructure (railways, water supply
systems, highways, bridges etc).

2. The Mine Subsidence Board (MSB). The MSB is charged with administering
the (NSW) Mine Subsidence Compensation Act 1961 (MSCA) and is funded
by a levy on coal producers. The Board of the MSB comprises:

e Director-General of DIl or their nominee

e Chief Inspector of Coal Mines

e Department of Commerce representative

e Colliery Proprietors representative

e Owners of Improvements (i.e. community) representative

e Local Government or the Department of Planning representative

Under Section 15(1) of the MSCA, areas can be proclaimed a Mine
Subsidence District. Once declared, all new structures in the district are
required to comply with construction standards stipulated by the MSB. The
MSB funds the cost of repairing subsidence induced damage to surface
improvements, including the cost of replacing structures if this damage leaves
them in an unserviceable state. Surface improvements undertaken in an area
prior to it being declared a Mine Subsidence District are covered
automatically. Subsequent improvements are covered provided they were
constructed in accordance with MSB criteria.

Under Section 13A of the MSCA, the MSB may also carry out or cause to be
carried out such works as, in its opinion, would reduce total prospective
liability of the Fund by preventing or mitigating damage that the Board
anticipates would, but for those works, be incurred by reason of subsidence,
whether or not the damage anticipated is damage to improvements or
household or other effects on the land on which the works are to be carried
out.
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3. The DIl is still the approving authority for SMPs for those mines which do not
have a Part 4 or Part 3A approval (that is, an approval under the EP&A Act)
issued since 2005.

Hence, currently there are dual processes operating within government for approving
subsidence management systems, these being SMPs approved by DIl and Extraction
Plans approved by DoP.

Under the DIl process for approving SMPs, an SMP is advertised after lodgment by
the leaseholder to provide an opportunity for community, stakeholders and
government agencies to input. The MSB is one these agencies. Although the MSB
functions as an underwriter of costs arising from subsidence related damage, it has no
right of veto over the approval of mine plans. This potentially exposes the MSB to
situations where it may not have sufficient funds available to cover these costs. This
risk exposure carries considerable weight with industry producers who fund the MSB
and with the DIl who administer the MSB, such that SMPs for situations that expose
the MSB to high financial risk may not be approved by the DII. Depending on the
circumstances, these types of situations may be resolved by a mine owner
underwriting a portion or all of the costs to remediate subsidence induced damage to
structures.

The Metropolitan Coal Project was the first project to be granted an approval that
incorporated an Extraction Plan. Since that Project had minimal infrastructure of
significance associated with it*®, the DoP process for approving Extraction Plans that
involve subsidence of significant infrastructure is yet to be tested. Some principal
stakeholders have also raised concerns with the Panel that there is a lack of clarity
about the Extraction Plan process and its potential effectiveness in this area. The
issue needs to be resolved so that all parties are clear on rights and obligations
pursuant to any Approval.

Another key issue raised with the Panel was whether the public are to be excluded
from the Extraction Plan process. If they are excluded, then the only opportunity to
provide comment on the risks associated with the total mining proposal is at the pre-
Approval stage. Previously there was opportunity to comment at intervals during the
life of the mine as each new SMP was developed. The significance of this issue is
that, if the public will only have a pre-Approval opportunity for comment, then the
quality of information in the EA will have to be sufficient to allow comment on the
fully disclosed risks of the total project. This issue is discussed further in Chapter 16
(Adequacy of Information).

3.34. Mine Economic and Social Impacts

The proposed Bulli Seam Operations are projected to produce 260.4 million tonnes of
product coal over a 30 year time period. The annual volume of coal production varies
around 9 million tones. At an assumed price of AUD180 per tonne for coking coal
and AUD97 for thermal coal, this production yields a revenue stream of AUD18.2b in
present value terms. This is the amount of earnings generated by the mining
operation adjusted through the process of ‘discounting’ to reflect society’s preference

' Infrastructure mainly comprised fire trails, fences, gates and the like
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for returns now rather than in the future. The rate of this ‘time preference’ used in the
analysis (akin to the interest rate paid on savings) is seven per cent.

The prices of both coking and thermal coal fluctuate through time and are dependent
on a wide range of factors not the least of which are the rate of global economic
growth, the availability of substitute resources and the availability of supply. Recent
declines in economic growth associated with the global financial crisis saw coal prices
fall below AUD180 and AUD97 for coking and thermal coal respectively. However,
the return of buoyant conditions, especially with growth in the Chinese and Indian
economies, has currently pushed spot prices above the assumed levels. In March
2010, the quarterly contract price secured by BHP Billiton was AUD220 with the spot
price exceeding AUD250 per tonne.

It is the Panel’s view that the cyclical variations in coal prices are likely to average at
levels above those assumed over the next 30 years given the prospects for further
growth in the BRIC (Brazil, Russia, India and China) nations. Cost-effective
substitutes may emerge within that time frame for thermal coal, especially as pressure
is exerted internationally for reductions in the greenhouse gas emissions produced by
coal burning thermal power plants. Even though technological advances are
progressing in renewable power generation it remains unlikely that these will advance
to the stage of replacing coal-fired thermal plants over that time period. However, the
majority of the Bulli Seam Operations production is metallurgical coal. The potential
for the development of cost-effective substitutes for steel are less likely, particularly
as there is no immediate pressure in markets to see such substitutes developed. With
the known reserves of coking coal being depleted over time and demand growing with
increasing economic prosperity, the AUD180 price assumption appears to be
conservative.

Given a present value of expected revenues in the order of AUD18.2b and accounting
for discounted capital and operating costs, the present value (at seven per cent) of the

net production benefits of the mine’s operation is estimated in the Environmental
Assessment at AUD10.31b.

This net production benefit will be distributed between the shareholders of BHP
Billiton and the taxpayers of Australia. Around 60% of the benefit (AUD6.135b) will
be enjoyed by the company’s shareholders. A little over 25% (AUD2.629b) will be
paid to the Federal Government as company tax and 15% (AUD1.546) will be
retained by the people of NSW through the company’s payments of royalties to the
state government.

The project is also estimated to have large scale impacts on the economic conditions
both in the region and across the state. For the region, the project will involve nearly
3300 jobs directly and indirectly and the business turnover related to the project will
be in the order of AUD2b per annum. Across the state, including the region, project
related employment will be around 5800 jobs and the associated business turnover
will be more than AUD2.8b per annum. The project itself (without the associated
regional and state impacts) will involve the payment of AUD1.194b in wages over the
period of operation (discounted at seven per cent). This will trigger the payment of
AUD45m in pay roll tax and this represents a transfer of wealth to the state
government.
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In summary, the project would have a significant impact on the wealth of the people
of the region, the state and the nation. This wealth would be experienced in the form
of employment opportunities and wages earned, taxation revenue, business profits and

shareholder returns.
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4.0 SUBSIDENCE IMPACTS AND CONSEQUENCES

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 SCI defined the meaning of the terms effects, impacts, and environmental
consequences as they pertain to subsidence of natural features and the Metropolitan
Coal Project extended these definitions to incorporate subsidence of man-made
features. In the case of the BSO Project, the Panel is working to the definitions
adopted for the Metropolitan PAC Report, being:

e The term effect describes subsidence itself;

e Any physical change to the fabric of the ground, its surface, or man-made
features is described as an impact;

e The environmental consequence is used to describe any change in the amenity
or function of a feature that arises from an impact.

The Panel notes that this terminology has not been applied in a consistent manner
throughout the EA for the BSO Project.

The Subsidence Assessment Report, Appendix A of the EA, was prepared by Mine
Subsidence Engineering Consultants (MSEC). 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 (DoP, 2008) and from MSEC’s
website™.

The prediction of subsidence effects constitutes an important foundation for the Panel
to be able to assess the reliability and acceptability of impacts and consequences and
to recommend performance outcomes. These predictions give direction to the nature
and magnitude of potential impacts and consequences, to approval conditions, and to
the development of risk management strategies to achieve designated performance
outcomes. Since the introduction of the Part 3A process and of SMPs, the primary
purpose of monitoring subsidence has shifted from verification of the accuracy of
predicted effects to one of providing a check on the adequacy of impact and
consequence risk management plans.

On this occasion, there is a vast number and variety of natural and man-made features
that have the potential to be impacted by subsidence. Some of these have a low
tolerance to subsidence and impacts. Compounding this situation is the fact that the
Base Case mining layout is open-ended and premised on longwall panel widths that

9 http://Amww. minesubsidence.com/
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may increase over the life of the project. This gives rise to considerable potential for
the magnitude of negative impacts and consequences to similarly increase over the
life of the project. Hence, the reasonableness and accuracy of the predictions of
subsidence effects for the Base Case layout are especially important.

4.1. SUBSIDENCE FUNDAMENTALS

41.1. Sub-Surface Subsidence

Figure 5 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
upwards from the excavation floor. 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 vertical and horizontal fracture network that defines the fractured
zone. Fracture frequency and connectivity (vertical to horizontal) are high at the base
of the zone but diminish with increasing height. As a result, the capacity of the
subsided rock strata to transmit and drain groundwater reduces with increasing height.

If the depth of mining, H, is sufficiently great or the excavation width, W, is restricted,
then 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 basis.
Sliding on bedding planes can still occur and new horizontal fracture planes and
bedding partings may develop but the magnitude of displacements on these surfaces
and the connectivity of fractures is insufficient to measurably enhance vertical
drainage. This behaviour constitutes the constrained zone. In the absence of major
geological discontinuities such as faults and dykes, water inflow to mine workings
through this constrained zone is determined by the natural permeability of the rock
mass within it.

Near surface rocks comprise the surface zone. Strata within this zone are usually
weaker as they are not confined 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.
This zone may promote connection to more or less permeable strata. If the deeper
strata are more permeable then alternate groundwater flow systems may develop in
those strata.
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Figure 5:  Conceptual Model of Caving and the Nature of Fracturing above a Mine
Excavation®

The issue of hydraulic connections between surface stored waters and deep 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 concluded that at depths of cover greater than
120 m, 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.

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 (eg. Bald Hill
claystone, Figure 3) 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.

4.1.2. Surface Subsidence

The Subsidence Assessment Report (Appendix A of 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 non-conventional respectively, albeit that the term ‘non-

2 Sourced from DoP (2008).
%1 Reynolds (1977).
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conventional’ is still a misnomer. This review is structured around the terminology
recommended by the SCI.

4.1.2.1. Conventional Surface Subsidence

The conventional or general model of subsidence at the surface assumes ideal
conditions in that:

e the surface topography is relatively flat;
e the coal seam is level,

e the surrounding rock mass is relatively uniform and free of major geological
disturbances or dissimilarities;

e the surrounding rock mass does not contain any extremely strong or extremely
weak strata; and

e 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 5 and
Figure 6, defines the limits of the subsidence trough. In NSW, the limit is taken to be
the 20 mm vertical displacement contour because it is very difficult to distinguish
mining induced movements from seasonally induced changes below this value. When
the surface subsides, 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 6. This behaviour is referred to as curvature.

Hence:

e 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, V,. In longwall layouts,
horizontal movement is broken into two components, being transverse
horizontal displacement, Vy, across the width of a panel and longitudinal
horizontal displacement, Vy, along the length of a panel.

e 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.

e Curvature in an outwards direction (convex curvature) results in the ground
‘stretching’ or ‘hogging’. The ground is subjected to tensile strain, &, which
is measured in terms of millimetres of extension per metre length, or mm/m.

e Curvature in an inwards direction (concave curvature) causes the ground to

sag and move closer together. The ground is subjected to compressive strain,
&c, also measured in terms of mm/m.
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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, V,/h. Figure 7 shows W/H ratio
plotted against V,/h ratio for a number of international mining provinces.

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. These pillars are referred to generally as interpanel pillars, and
in the case of longwall mining, specifically as chain pillars. The extra load of the
strata overlying the panels causes compression of the interpanel pillars and of 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, w/h.

%2 Sourced from Galvin (2004)
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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, V..
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 the
distribution of tilt along the surface may be slightly offset to that predicted.

8 Adapted from Whittaker and Reddish, 1989
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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.

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 1 mm/m, which implies
1 mm of ground extension over a distance of 1 m. 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.

4.1.2.2. Non-Conventional Surface Subsidence

Non-conventional surface subsidence refers to situations where subsidence behaviour
is dominated by site specific conditions. Four such conditions of particular relevance
to the BSO 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 6, 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 bending and buckling upwards. In
association with weathering, the valley is deepened which then causes a further
increase in the horizontal stress redirected into the floor of the valley. This very slow,
self 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 has observed many instances of this during site visits in the Southern Coalfield.

Mining causes further disruptions on a regional scale to this natural horizontal stress
system, contributing to two responses, namely:

e 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
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e 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 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, above
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 12 m and bed separation extends to a depth of some 20 m,
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.
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Figure 8: Upsidence Fracture Network Determined from Surface and Subsurface
Monitoring at Waratah Rivulet, Metropolitan Colliery (Mills, 2008)

Standard survey techniques can be used to measure closure reasonably accurately.
However, upsidence measurements are prone to considerable error because survey
stations are susceptible to extreme localised movements caused by buckling of near
surface strata.

4.1.3. Relevance to the BSO Study Area

The preceding principles find a range of applications in assessing the EA for the BSO
Project since:

e |deal conditions associated with conventional subsidence do not exist across
the BSO Study Area;
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4.2.

4.2.1.

The BSO Study Area underlies numerous watercourses and swamps, raising
concerns about direct hydraulic connections to mine workings;

Excavation width to depth ratio (W/H) and pillar width to pillar height ratio
(w/h) may change over the life of the BSO Project. Those adopted in the Base
Case layout effectively only constitute points of reference;

No experience base exists in Australia with longwall panels of the W/H ratio
proposed at some depths in the Base Case layout. Therefore, care has to be
exercised in extrapolating results from other Australian coalfields and other
mines within the Southern Coalfield and making impact comparisons;

The Base Case layout will result in subsidence effects developing
incrementally. Hence, movement at a point on the surface may not stabilise
until a number of adjacent longwall panels have been subsequently 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;

Large portions of the BSO Study Area are exposed to non-conventional
subsidence effects, especially closure and upsidence.

The longwall panel widths to be utilised over the life of the BSO Project are
open-ended and could increase substantially from that used for the Base Case
layout. Given the lack of experience with wide and deep longwall panels in
Australia, a high reliance will have to be placed on theoretical subsidence
principles in predicting and assessing subsidence effects and impacts in these
circumstances.

OVERVIEW OF BSO METHODOLOGY FOR PREDICTING SUBSIDENCE

Sub-surface Subsidence

4.2.1.1. Mechanismsin BSO Study Area.

Appendix A of the EA?* states that for the purpose of the BSO Project, the following
descriptions as advanced by Singh and Kendorski (1981) and Forster (1995), have
been utilised in sub-surface subsidence assessments:

Caved or Collapsed Zone comprises loose blocks of rock detached from the
roof and occupying the cavity formed by mining. This zone can contain large
voids.

Disturbed or Fractured Zone comprises in-situ material lying immediately
above the caved zone which have sagged downwards and consequently
suffered bending, fracturing, joint opening and bed separation.

* EA, Appendix A, pp.258-259
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e Constrained or Aquiclude Zone comprises confined rock strata above the
disturbed zone which have sagged slightly but, because they are constrained,
have absorbed most of the strain energy without suffering significant
fracturing or alteration to the original physical properties. Some bed
separation or slippage can be present as well as discontinuous vertical cracks,
usually on the underside of thick strong beds, but not of a degree or nature that
would result in significant increases in vertical permeability. Some increases
in horizontal permeability can be found. Weak or soft beds in this zone may
suffer plastic deformation.

e Surface Zone comprises unconfined strata at the ground surface in which
mining induced tensile and compressive strains may result in the formation of
surface cracking or ground heaving.

These zones generally accord with the zones identified in Figure 5.

Fracturing in the Surface Zone has the potential to fracture perched water tables, to
increase the permeability of the zone, to connect near surface water to deeper aquifers
and to provide an enhanced flow path for near water to report to upsidence fracture
networks. These impacts warrant careful consideration in the BSO Project because of
the consequences they can have for swamps, Endangered Ecological Communities
(EECs)®, and other natural features which have an association with surface or near
surface water.

The risk presented by fracturing in the surface zone is increased if it interacts with the
fractured zone associated with subsidence above longwall panels. The EA relies on a
model developed by MSEC for predicting the height of the fractured zone in order to
assess the potential for such interaction. MSEC states that it ‘understands that no
simple equation can properly estimate the heights of the collapsed and fractured
zones and a more thorough analysis is required *®. MSEC proceeds to present what it
describes as a ‘simplified analysis’ t0 show the factors that the ‘possible height of the
fractured zone’ is dependent upon. This process and the outcomes have generated
considerable confusion and uncertainty amongst many stakeholders.

MSEC’s predictive model is illustrated in Figure 9 and is defined by the equation:

% This should not be interpreted taken as a comprehensive list. The onus for identifying features at risk
resides with a Proponent.
% EA, Appendix A, p.260.
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Figure 9:  Model Utilised in the EA to Calculate the Height of the Fractured Zone

The Panel notes that this predictive model was neither peer reviewed nor validated
prior to being adopted in the EA. Because of the manner in which it relates the height
of the fractured zone to longwall panel width, fracturing is predicted to extend at least
385 m above the mining horizon of a 310 m wide longwall panel, being the
predominant panel width in the Base Case layout. As such, the fractured zone is
predicted to extend through to the surface in portions of Area 2, Area 3 and North
Cliff. Given technological advances in the last 20 years, it is plausible that the Base
Case longwall panel widths could more than double over the life of the project?’, in
which case the MSEC model would predict the fractured zone to extend from seam
level to the surface at most points in the entire BSO Study Area.

The EA has utilised MSEC’s predicted height of the fractured zone as one risk
criterion for assessing subsidence impacts associated with undermining swamps. The
parameter is also particularly important to assessing impacts and consequences on
other features such as deep groundwater systems. Therefore, the Panel has inquired
into the model in some detail through questions of ICHPL?® and agencies, and through
its own studies.

Forster (1995) summarised the outcomes of a literature review undertaken as part of
the process to define the extent of the various deformation zones above mine
workings. This summary is reproduced in Table 3. It is noteworthy that nearly all the
prediction techniques identified by Forster are based on the height of the fractured
zone being a multiple of the mining height. Furthermore, none are based on panel
width. In contrast, MSEC’s model gives no consideration to mining height but is
premised on panel width.

27 A 410 m wide longwall panel has been operating in NSW for a number of years and the EA presents
predictions of subsidence effects for panel widths up to 500m (Table 4.3 of Appendix A)
“ EA, Appendix A, p.2, Table 1.3.
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The difference in predictions based on MSEC’s methodology and those listed in Table
3 are substantial, approaching an order of magnitude (10 fold) in some instances. For
example, adopting the average proposed mining height of 2.5 m in the North CIliff
mining domain® gives the most extreme height of the fractured zone predicted by the
approaches in Table 3 as 160 m with most predictions falling in the range of 40 to
100 m. Forster’s model predicts a height of fracturing of 82 m. In contrast, MSEC’s
model predicts 385 m. Whilst Forster’s model was developed for the Newcastle
Coalfield, it is inconceivable that differences in geological conditions between the two
coalfields could account for such large differences in height of the fractured zone.

# EA, Appendix A, Section 1.3
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Table 3:  Thickness of Strata Deformation Zones above Mine Workings as
Reported by Forster (1995)
Author  Country  |Thickness of DeformationZones  [Remarks
Caved Fi d Ce i Surface
Zone Zone+ Zone* Zone
Kenny (1969) UK 2-4t Caving observations
Silitsa & USSR 16t 4t Measured results using
Vasilenko (1969) dyes
Kapp & Williams Australia <30 m i5m Estimates of zone
(1972) thicknesses
Ropski & Lama  Poland 152t 335t Borehole observations
(1973)
Orchard (1974) UK 6-9m 18-36 m 30m <30m Constrained zone should
contain 50% shale
Morton NSW <30m 34t 12m Based on measurements
(1975 & 1976)  (Wongawilli (94 m) of permeability and
& Kemira) piezometric pressures
Wardell (1975) NSW <5t <10t 50t-S S S = assumed surface
(Newcastle) zone thickiness
(1973 & 1976) NSW 10t 60m 12-15m Recommendations based
(Sth Coast) onh overseas experience
Singh & UK 3-6t 30-58t 9-27 m <15m Constrained zone thick-
Kendorski (1881) ness depend on lithology
Holla & NSW 2t 10-13t Borehole anchors used
Armstrong (1986) (H. Valley) _(36-45m) to determine strains
Singh (1986) UK 3t 100t/(3.1t+5) 8t <15m Weak strata
5t 100t/(1.2t+2) 15t i5m Strong strata
Kesseru Hungary 20-40 m 15-25 m Field experience
(1984 & 1987)

t = seam thickness *includes caved zone thickness +recommended safe thickness for subaqueous mining

The outcomes from applying MSEC’s fractured zone model to a range of longwall
panel widths are summarised in Table 4. They highlight the manner in which the
height of the fractured zone increases with increasing panel width. A comparison
between Table 3 (column 3) and Table 4 (columns 3 and 4) demonstrates the large
differences in outcomes predicted by MSEC’s model and those predicted by other

models.
Table 4:  Height of the Fractured Zone Predicted by MSEC’s Model for a Range of
Longwall Panel Widths
Height of | Heightof Fractured | Height of Fractured
Panel Width, | Fractured | ZoneasaMultiple of | zone to Panel Width
W (m) Zone, Mining Height, t Ratio,
(M) ¢=20m [ t=25m h/W
300 371 186t 148 t 1.24
400 508 254 t 203t 1.27
500 646 323t 258t 1.29
600 783 391t 313t 1.31
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MSEC’s model is premised on a number of assumptions including:

e The boundary of rock fracturing in the vertical direction is defined by a
straight line orientated at some angle of break, a, from the vertical.

e The fractured zone will encounter a competent bed towards the top of the
zone.

e This competent bed will span a distance of 30 m, arresting the fractured zone
as shown in Figure 9.

The Panel considers these assumptions to be unrealistic. In particular:

e Whilst the notion of an ‘angle of break’ is a convenient way to conceptualise
rock behaviour and finds application in geotechnical engineering, in reality
such a well defined failure plane is rarely present other than in a caved zone
immediately above the mining horizon.

e The height of the fractured zone is variable, depending on panel width.
Geology is also variable. Hence, it is a matter of chance if a competent bed is
present towards the upper limit of the fractured zone.

e Should such a bed be present, it needs to have characteristics that, perchance,
enable it to span a distance of 30 m.

The model is empirical and as for all empirical models, considerable care has to be
exercised in extrapolating it to conditions outside those of the database used to derive
and calibrate it. The raw database is not presented in the EA but Figure 10% shows
the plot used to calibrate the model to data reported in literature. On the basis of this
plot, Appendix A concludes that ‘the height of the fractured zone in the data base is
reasonably well presented by the theoretical model (Equation 1) using an angle of
break of 20 degrees’. When this value of 20° is substituted into Equation 1, it reduces
to:

% Reproduction of Figure 12.8 in Appendix A of the EA.
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Figure 10: Height of the Fractured Zone as a Proportion of the Panel Width for
Different Panel Width to Depth Ratios®!

The Panel has serious reservations about the process used to calibrate MSEC’s model.
These relate to:

e The manner in which the data have been plotted in Figure 10. Since the plot is
intended to illustrate the correlation between the recorded height of the
fractured zone in the field and that predicted by MSEC’s model for angle of
breaks of 17°, 20° and 23°, four outcomes should be plotted against the width
to depth ratio (W/H) corresponding to each field data point. Figure 10 does
not depict this.

e The conclusion that the height of the fractured zone in the data base is
reasonably well presented by the theoretical model. Based on the trend in
Figure 10 of the predicted height of the fractured zone at different panel width
to depth ratios, the recorded height of the fractured zone for more than half of
the data points is less than 50% of that predicted by the model.

e The discounting of the data points represented in Figure 10 by the three red
diamonds that have a panel width to depth ratio of around 0.4 and a recorded
fractured zone height of that falls well above that predicted by MSEC’s model.
These data points relate to Longwall 2 at Ellalong Colliery and Longwall 3 at
Tahmoor Colliery. Ellalong Colliery operated the deepest longwall panels to
date in Australia, whilst Tahmoor Colliery extracts the Bulli Seam to the south
west of the BSO Study Area. It is plausible, therefore, that these three points
may have been more representative of the BSO situation than the points in the
data set.

%! Reproduction of Figure 12.8 in Appendix A of EA.
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e In providing reasons for discounting the Ellalong Colliery and Tahmoor
Colliery data points, no consideration appears to have been given to the fact
that the MSEC model cannot mathematically accommodate situations where
the height of fractured zone exceeds 1.37 times the panel width®.

Other aspects of the EA that are confusing in respect of height of the fractured zone
include the statement that ‘Where the panel width-to-depth ratio is low, and where the
depth of cover is high, it is clear that the height of the fractured zone would represent
a high proportion of the depth of cover®®. The Panel can make no sense of this
statement. In a report referred to by its author as a ‘brief peer review of the model
that accompanies ICHPL’s response to the Panel’s questions, Professor Hebblewhite

has also noted that ‘the logic for this statement is not clear™.

Hebblewhite also concluded that:

‘It is therefore considered that the description of the Fractured Zone adopted
by MSEC is again appropriate and consistent with this expanded discussion of

geotechnical behaviour™®,

ICHPL’s responses to the Panel include the following statements:

e ...t should be noted that the theoretical height of the fractured zone referred
to in the MSEC model is not considered to be the height of potential vertical
connective cracking.

e Foster (1995) indicates that the fractured zone in the study area lies between
21 and 33 times the seam thickness, but this is based upon loss of water as
indicated by piezometer readings, or more relevantly, height of connective
cracking.

Forster (1995) notes in the conclusions to the paper that:
“Fracturing of the strata was also evident in the constrained zone,

(above the fractured zone) but was not of a degree or nature which
would result in significant drairnage. ”

The Panel cannot reconcile these responses. It is quite clear from the Forster quote
that the Forster definition of the height of the fractured zone, adopted by MSEC and
confirmed by Hebblewhite, is based on the height of connective cracking.

ICHPL’s response also quoted from Gale (2008):

%2 From Equation 2, H/W = 1.37 — 30/W. Therefore, as panel width, W, approaches infinity, Hy/W
approaches 1.37. The trend towards this upper limit is apparent in the analysis outcomes presented in
Table 4.

% EA, Appendix A, p.259.

¥ ICHPL (2010e), Attachment 1, p.2.

% |ICHPL (2010e), Attachment 1, p.8.

% |CHPL (2010e), Attachment 1, p.7.

" ICHPL (2010e), Responses to PAC Questions 9 and 12.
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‘The height that mining related fractures may form has been established from
monitoring and computational studies as being 1 — 1.5 times the panel width.
However, the creation of these fractures alone does not necessarily imply that
a direct hydraulic connection exists over this zone’.

That fracturing can occur above the fractured zone is not in dispute. The issue is the
height of the connected fractured zone as opposed to the height of fracturing. It
remains unresolved. Irrespective of this, MSEC’s model is deficient in that it neither
provides for height of fracturing to be influenced by mining height nor for height of
fracturing to reach a plateau value as panel width increases. Both behaviour modes
are intuitive, are evidenced in the field and were commented upon in Hebblewhite’s
review, viz®:

.there must come a point (just as in surface subsidence prediction) where
once a critical width is achieved, greater widths will not change the height of
the fracture zone, and in fact the mined thickness will define a limiting height
(associated with bulking and void spaces) in the intervening rock material —
hence the fracture height must be some function of both mined thickness and
panel width.

The responses by ICHPL* to the Panel’s questions in regards to this matter were
technically detailed, comprehensive and helpful®®. On the basis of these and other
inquires, the Panel has concluded for the purpose of progressing its assessment that:

e When the MSEC model is applied to conditions similar to the calibration data,
it could produce reasonable predictions of the height of fracturing even though
it has mechanistic shortcomings for that purpose, with the maximum height
being 1.37 times panel width;

e Based on other studies including Gale (2008), a potentially worst case
outcome appears to be fracturing extending up to a height of 1.5 times panel
width but with increasing disconnection of fracturing;

e It is unlikely that the highly connected and freely drainable fractured zone will
extend upwards into and beyond the Bald Hill Claystone for longwall panel
widths up to 310 m. This is suggested by a range of field measurements and
observations, the most recent being extensometer measurements conducted
over LW32 (310 m width) at West Cliff Area 5* where more than 90% of
fracture displacements seem to have occurred at or below the claystone;

e The potential height of connected fracturing*® for wider longwall panels has
not been addressed in the EA (except by general inference to pore pressure
distributions) and is unknown;

% |ICHPL (2010e), Attachment 1, p.8.

¥ ICHPL (2010b); ICHPL (2010e).

“0 Lengthy delays in responses to the Panel’s questions in relation to the height of fracturing, resulted in
the Panel undertaking its assessments based on information supplied in the EA. Subsequent
information supplied by ICHPL, has been assessed, and the Panel has framed its recommended
Performance Criteria accordingly.

*1 ACARP Project C16023, 2010.

“2 As opposed to the height of all fracturing.
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e Both the extent of the impacted area and the level of impact will increase as
longwall panel width is increased.

4.2.1.2. Application to BSO Study Area

The EA predicts that fracturing above longwall panels will extend to the surface over
extensive portions of Area 2, Area 3 and North Cliff mining domains for the Base
Case layout and over more extensive areas as longwall panel width is increased. This
interaction with the surface zone presents an elevated risk of mining impacting on the
hydrology of the surface zone. This is an important consideration in the BSO Study
Area, particularly in respect to swamps®, Endangered Ecological Communities
(EECs)*, and other natural features which have an association with surface or near
surface water systems.

The currently available database and predictive capability provided in the BSO
Project Proposal is inadequate for predicting and managing the impacts that mining
may have on surface hydrology. Hence, for any proposed Extraction Plan where
water-dependent systems are a relevant consideration, the Panel recommends that the
studies outlined below are completed prior to consideration of the proposed Plan. The
purpose of these studies is to improve the predictability of impacts so that the
approving authority can be confident that any impacts resulting from the proposed
Extraction Plan will remain within the Performance Criteria established in the
Approval. For example, if ‘negligible impact’ on hydrology is designated at the site
of a natural feature or for a catchment then the studies will assist in confirming
whether the proposed extraction will or will not achieve a ‘negligible impact’
standard. The recommended studies are:

e Exploration drilling and core testing to establish the mechanical and hydraulic
properties of rock strata in proximity to water dependent systems including
swamp systems and water supply catchments;*®

e Sediment profiling in swamp systems to characterise type, thickness and
sensitivity to differential subsidence;

e Installation of a regional network of shallow piezometers targeting water
dependent systems (especially swamp systems) and underlying rock strata (to
at least 30m depth) to inform an understanding of the hydrology, the potential
for hydraulic connections between the surface zone, and climatic
implications”;

e Establishment of a network of deep pore pressure monitoring bores to
assess/quantify the impacts of fracturing within the subsidence zone. The
Panel considers it is especially important to target areas where extracted panel

** Swamps are considered to be particularly vulnerable in view of their limited sediment thickness,
typically in the range 0.5 to 2 m (available reports and Dr. A. Young)

* This should not be interpreted taken as a comprehensive list. The onus for identifying features at risk
resides with a Proponent.

*® Detailed inspections to ascertain lithofacies parameters will promote a more complete understanding
of potential failure modes and horizons in the sub strata

*® The purpose of these piezometers is to provide a more complete understanding of hydrological
processes.
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widths are similar to the progosed Base Case widths (310m) in order to

validate the prediction process*’;

e Utilisation of numerical modelling to enhance the prediction of subsidence
zone fracture distributions, connectivity and potential fracture conduit
(groundwater) transmission capacities.

4.2.2. Surface Subsidence

4.2.2.1. Conventional Subsidence

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

e 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 utilises 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 panels*. The summation of these
increments produces the final vertical displacement profile. Tilt and curvature
profiles are derived by mathematically differentiating the wvertical displacement
profile. Strain predictions for the BSO Study Area have been based on 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 many 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:

" Suggested monitoring locations include Longwall 34 in Area 5 and Longwall 703 in Area 7, with
transducers targeting the Coal Cliff Sandstone, Wombarra Claystone, Scarborough Sandstone, Bulgo
Sandstone, Bald Hill Claystone and the Hawkesbury Sandstone.

*® A detailed description of the IPM method is available at http://www.minesubsidence.com
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e Mining height;
e Mining depth, which can vary due to changes in seam gradient or topography;
e Excavation width and length; and

e 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 the BSO
Project because the depth of mining varies considerably due to seam dip and to
changes in topography, mining height is variable, longwall panel width and interpanel
pillar width are variable, and surface features of interest are scattered throughout most
of the mining area. Hence, the prediction technique itself is considered appropriate.

As with all subsidence prediction techniques, the poorest correlations between
measured and predicted ground movement relate to strain. Here the problem is
twofold. Firstly, there are shortcomings in the manner in which strains are calculated
theoretically. Secondly, due to factors such as localised variations in ground
properties and natural defects in this material, ground movements at the surface often
do not develop in the uniform manner that subsidence engineering theory predicts.
The BSO EA provides a more in-depth discussion of some of the reasons for this
behaviour.*

Appendix A of the EA presents four approaches to strain prediction. The first is
based on plotting the relationship between measured curvature and measured strain
recorded over previously extracted longwalls in the Southern Coalfield, Figure 11.
The Figure shows the running average and a line of best fit through the running
average as well as a line based on strain being equal to 15 times curvature.

Throughout the EA, it is erroneously stated that applying a factor of 15 to the
maximum curvature provides a reasonable estimate for the average predicted strain®.
As reference to Figure 11 shows, in fact it provides a estimate of the maximum strain
for hogging and sagging curvatures greater than 0.05 km™, which is consistent with
the manner in which this relationship has been used for many years in NSW. Figure
11 also shows that this approach produces a reasonable upper bound prediction for
compressive strains but underestimates upper bound tensile strains by 15 to 20%.
DECCW raised this issue in one of its submissions to the Panel, stating that the
relationship was ‘clearly non-liner [sic] and does not adequately capture the
variation in data™. |CHPL responded that ‘This figure [Figure 11] shows that this
linear relationship provides a reasonable estimate of strain, and is particularly

“EA, Appendix A, Section 4.5.
%0 The Panel considers that average strain is not a meaningful concept is and liable to inadvertently
mislead. The Panel has not addressed this matter further as it is not utilised for decision making in the

EA, albeit that many tabulations are labelled (erroneously) as being ‘average’ values of strain.
1 DECCW (2009b).
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conservative at higher levels of hogging and sagging curvature ™. The Panel concurs
with DECCW.

In the interval -0.05 km™to 0.05 km™, there is both a wide scatter in strain values and
a lack of correlation between curvature type and strain type (hogging/tensile,
sagging/compressive).  This reflects to a considerable degree the inaccuracies
involved in calculating low levels of curvature from measured vertical displacements
and in measuring small strains.*
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Figure 11: Relationship between Measured Curvature and Measured Strain Recorded
during the Extraction of Longwalls in the Southern Coalfield>

The second approach to strain prediction by MSEC is intended to provide a statistical
approach to account for the considerable scatter of strain values shown in Figure 11.
It is premised on frequency plots of the maximum tensile and the maximum
compressive strain measured at over one thousand survey stations along monitoring
lines at any time during longwall mining operations®™. These plots have been
assigned a statistical relationship from which probabilities for exceeding specific
strain values have been computed.

From a statistical perspective, this approach has merit provided that it is based on an
unbiased data set. Very limited information is provided in the EA as to the basis for
selecting data points; however, it appears highly likely to the Panel that this basis data
was not sufficiently discerning for the purpose. Data values are a function of both
their spatial position relative to the longwall footprint and to the position of the
longwall working face at any point in time. Consequently, there is a high potential for

52 |ICHPL (2010c), p.5.

53 . - . .
See Section 4.5.1 of Appendix A for further information.

> Reproduction of Figure 3.4 of Appendix A of EA.

> EA, Appendix A, Section 3.9.1 and 3.9.2.
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outcomes to be influenced by factors such as the location of survey lines and the
frequency that these lines are surveyed.

The third approach is specific to predicting the maximum value of strain that very
long structures (linear features), such as roads and railways, may experience®.
Instead of plotting maximum strain values within each survey bay along a survey line,
only the maximum values of tensile and compressive strain along each entire survey
line have been included in the data set for statistical analysis. This data has been
plotted in the form of frequency diagrams and conclusions drawn as to how often a
specific maximum strain has been recorded. Whilst the need still remains to carefully
scrutinise the input data base, the process is more likely to produce a reasonable
estimate of maximum (worse case) tensile and compressive strain.

The fourth approach is premised on deriving curvature from measured profiles of
vertical displacement®. Because curvature is the second differential of vertical
displacement (that is, it is the rate of change of tilt which, in turn, is the rate of change
of wvertical displacement), minor localised ‘steps’ in the profile of wvertical
displacement can result in spurious spikes in predicted curvature profiles. Therefore
MSEC has applied an algorithm to produce smooth vertical displacement profiles
from which to derive curvature profiles. Predicted and measured curvature profiles
have then been compared to gauge the accuracy of the IPM technique. The Panel
considers this approach to be sensible and to have produced outcomes of reasonable
accuracy for the purpose to which they are put.*®

The four approaches to strain prediction presented in Appendix A are concerned with
improving the accuracy of strain prediction and quantifying confidence levels in these
predictions. In the end, MSEC has moved away from predicting strain in terms of
millimetres per metre of tension or compression and instead, expressed most
predictions in the EA (not just confined to Appendix A) in terms of curvature. Whilst
from a theoretical perspective, strain derives from curvature, this approach limited the
Panel’s capacity to conceptualise and assess the significance of the subsidence
movements and to draw comparisons with information in the public domain. With the
exception of houses for which the EA provides recent research findings that correlate
curvature with structural impact, the Panel had no point of reference for assessing
impacts associated with curvature.

Accordingly, the Panel requested ICHPL to retabulate all curvature predictions in
terms of strain. As the EA also does not provide points of reference for the
significance of strain predictions on ground behaviour, the Panel reverted to those
provided in Appendix A of the Metropolitan Coal Project, being:

‘Fracturing of sandstone has generally been observed in the Southern

Coalfield where the systematic tensile and compressive strains have exceeded

0.5 mm/m and 2 mm/m, respectively *°.

S EA, Appendix A, Section 3.9.3.

" EA, Appendix A, Section 4.5.1, p.27.

%8 Comparisons between strain predicted on the basis of curvature and strain measured in the field are
constrained in the Southern Coalfield because the predicted strain is based only on conventional
subsidence whilst the measured strain may include a component due to non-conventional subsidence.

% EA for Metropolitan Coal Project, Appendix A, p.88.
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The EA reports that the standard Southern Coalfield profiles from the empirical
database, based on monitoring data predominantly from the Bulli Seam, were used to
predict the systematic subsidence, tilt and curvature profiles for the longwalls®. The
Panel is of the understanding that the bulk of the Southern Coalfield data is related to
Appin, Tower and West Cliff Collieries. In applying the standard Southern Coalfield
incremental profiles, the EA acknowledges that this approach has previously resulted
in vertical displacement being under-predicted at Tahmoor Colliery, which is to the
south-west of the Area 8 mining domain, and at Metropolitan Colliery, which is
immediately to the east of the North Cliff mining domain, Figure 2.

In the case of Tahmoor Colliery, Appendix A reports that there has been one
exceptional (rare) case where measured vertical displacement was more than twice
that predicted by the IPM technique. The Panel is aware from its assessment of the
Metropolitan Coal Project that the IPM technique under-predicted vertical
displacement over Longwalls 1 to 14 at Metropolitan Colliery by up to 50%. In both
cases, MSEC attributed the causes to changes in geology. Reference to Figure 2
shows that the BSO Project is some 30 km wide, of which Appin, Tower and West
Cliff Collieries occupy the middle third. Therefore, the Panel considers it quite
plausible that geology could change over this distance.

This raises the question of how much confidence should be placed in subsidence
predictions in the BSO Study Area as mining operations move away from the central
section for which the subsidence prediction model was developed. In the absence of
an assessment of changes in geology, it appears to the Panel that it would be wise to
undertake sensitivity analysis based on the outcomes at Metropolitan Colliery in the
east and Tahmoor Colliery in the west®. Appendix A does not directly address this
matter, simply advising that:

It is expected, therefore, that the standard Incremental Profile Method should
generally provide reasonable, if not slightly conservative predictions for
systematic subsidence, tilt, and curvature resulting from the extraction of the
longwalls. Allowance should, however, be made for the possibility of observed
movements exceeding those predicted as the result of anomalous or non-
systematic movements, or for greater subsidence, to occur in some places, such
as observed at Metropolitan and Tahmoor Colliery.

The Panel has been conscious of this advice in assessing critical features, particularly
in the North CIliff domain immediately adjacent to Metropolitan Colliery.

Figure 12 shows the correlation between predicted and measured vertical
displacement, tilt and curvature for one of the subsidence monitoring lines utilised in
the EA to illustrate the order of accuracy of the IPM technique. The impact of
upsidence on these predictions is clearly evident. Another factor that accounts for
‘spikes’ in the measured tilt and curvature profiles is that subsidence movements are
not necessarily uniformly distributed in accordance with theoretical predictions.

S EA, Appendix A, p.13.

%! The Panel acknowledges that, at this point in time, the Tahmoor Colliery behaviour appears to have
been associated with very localised conditions and that the ‘standard” Southern Coalfield profiles may
still be generally applicable in this mining region.
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Appendix A reports that in sandstone dominated environments, much of the earlier
ground movements can be concentrated at the existing natural joints, which have been
found to be at an average spacing of 7 to 15 metres. This is conducive to tensile
strains of, say, 2 mm/m being expressed in the field as 14 mm wide fractures every
7 m, or 30 mm wide fractures every 15 m. Due to the influence of gravity, ground
movements are also less likely to be distributed uniformly in steep topography. These
and other limitations noted in Appendix A of the EA are associated with all
subsidence prediction methodologies.

It is sometimes the case that the magnitude of predicted vertical displacement may be
well replicated in the field but the profile of this vertical displacement may be offset
laterally to that predicted. This can have significant implications for tilt and strain at
specific sites on the surface. Hence, MSEC has based its assessment of subsidence
movements at surface features on the highest predicted values of vertical
displacement, subsidence, tilt, curvature and strain within a radius of 20 metres of
each feature, rather than on the values predicted at the point. The Panel considers this
an appropriate approach.

The Panel concludes that:

e The IPM technique utilised by MSEC to predict the conventional component
of subsidence is appropriate and has produced predictions for existing mine
workings associated with the BSO Project that are at least as reliable as those
associated with alternative techniques.

e As with all subsidence prediction techniques, the poorest correlations between
measured and predicted ground movement relate to strain.

e The maximum conventional tensile strains predicted for the BSO Study Area
could be underestimated by 15 to 20%.

e As the BSO Study Area is very large and site conditions (such as geology)
could vary across the Study Area, the IPM technique may need to be
recalibrated periodically as a precursor to preparing Extraction Plans over the
course of the project.
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82 Figure 4.5 of Appendix A of the EA for the BSO Project
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4.2.2.2. 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. 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 methodology developed from coal industry
funded research undertaken by MSEC some 8 years ago®™ and upon which its
predictions for the BSO Project have been based.

The EA reports that the level of confidence in the prediction methodology is not as
high as that associated with the prediction of systematic subsidence but that it can be
used ‘so long as sensible factors of safety are applied™. No guidance has been
provided on the value of these factors of safety.

The EA notes that whilst the major factors that determine ground movement have
been identified, there are some that are difficult to isolate. Three factors that are
‘thought to influence upsidence and closure movements’ have been identified and
commented on in the EA, namely:

e In-situ horizontal stress. Appendix A reports that the prediction methodology
is based predominantly upon the measured data from Tower Colliery®, where
the in-situ horizontal stress is high. It is conjectured that the methods (for
predicting closure and upsidence) will, therefore, tend to over-predict the
movements in areas of horizontal lower stress. The EA does not identify what
portions of the BSO Study Area may be subjected to lower levels of horizontal
stress.

e Near surface geology, particularly in stream beds, with thin beds responding
differently to thick beds.

e Geomorphology, with recent monitoring showing variations in ground
response around bends in valley alignments.

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
intended to reflect the shape of the valley. MSEC has undertaken such an assessment
for streams and stream sections and produced plots of equivalent valley height in
Appendix A% and in Appendix P (Stream Risk Assessment). This process is another
source of error in the prediction methodology.

Figure 13 shows comparisons between measured incremental closure and incremental
upsidence and those predicted by MSEC’s methodology®”. The wide scatter in

% Waddington and Kay (2002)

% EA, Appendix A, p.36.

% Tower Colliery is now known as Appin West Colliery.

% EA, Appendix E of Appendix A.

% The summation of the incremental values produces the final value.
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outcomes is obvious. However, as Appendix A reports, the prediction methodology
over-predicts valley related movements in more than 95% of cases.

Comparison b Observed | tal Upsid and
Predicted Incremental Upsidence using ACARP Method

Fig. 411 Comparison of Predicted and Observed Upsidence Movements in Database

c Observed Incr Closure and
Predicted Incremental Closure using Current ACARP Method

Fig. 412  Comparison of Predicted and Observed Closure Movements in Database

Figure 13: Plots Showing Comparisons between Measured and Predicted Closure
and Upsidence Based on MSEC’s Prediction Methodology®®

Appendix A goes on to report on research currently being undertaken into upsidence
and closure prediction, stating that:

e ‘Lower values of upsidence, closure and strain have been observed within
valleys that have not been undermined (in the immediate vicinity) by current
or previously extracted longwalls .

o ‘Wherever the geology of the bedrock in the base of the valley comprises think
highly jointed layers, the resulting upsidence and closure can be higher than
where the bedrock comprises strong thick homogenous strata layers’".

% Reproduced from Appendix A of the EA.
% EA, Appendix A, p.73 and multiple other references in Appendix A.
O EA, Appendix A, p.42.
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On this basis, the EA concludes that a reduction factor of about 0.5 could be applied
when predicting upsidence and closure for those creeks that have not been
undermined by current or previous longwalls. However, ‘fo be conservative, for now,
a reduction factor of 0.7 has been adopted until the ongoing current research proves
that lower reduction factors would be appropriate’™. The 0.7 factor was only applied
to points along a stream that are not directly mined beneath anywhere along their
length within a distance of one depth of cover from a goaf area by the current
longwall or any previous longwalls. It is reported that after applying this reduction
factor, the majority of the observed closures were still less than half of those predicted
and only 2% of the observed exceeded those predicted.

The application of a 0.7 reduction factor represents a change in the closure prediction
methodology that the Panel assessed in the Metropolitan Coal Project. Arising out of
the Panel’s difficulties in reconciling closure values quoted in the main text of
Appendix A of the BSO EA with the corresponding closure stream profiles presented
in Fig. 100-01 to Fig. 200-35, the Panel has been informed that the plotted upsidence
profiles, but not the corresponding text, have already been modified to incorporate the
reduction factor of 0.7"%. Hence, for example, a predicted closure value previously
computed to be 285 mm might now have been plotted as a predicted value of
200 mm. Therefore, care must be exercised when using closure values reported in the
main text of Appendix A and in earlier reports’ as points of reference for impact
assessment.

A number of subtleties are associated with the manner in which non-conventional
subsidence effects and associated impacts have been predicted in the EA, such that
conservatism in the prediction of closure and upsidence effects does not translate into
conservatism in the prediction of closure and upsidence impacts. 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.”® However,
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:

e 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).

o 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.

"LEA, Appendix A, p.44.

2 MSEC (2009).

® For example, Appendix A of EA for the Metropolitan Coal Project.

" Impacts on houses provide a good example of this later in the Panel’s report.
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e In the case of some features, some high consequence impacts occur at very
low levels of movement. Further increases in the magnitude of the effect
(movement) do not always result in an incremental increase in the magnitude
of the impact and its consequences, albeit that they might increase other
impacts and consequences. Field observations’™ reveal that this is the case in
particular for watercourses controlled by rock bars.

The impact assessment presented in the EA and expanded upon in response to the
Panel’s inquiries of ICHPL, attempts to deal with these limitations by basing impact
assessment on a threshold value of predicted closure, rather than measured values of
closure. Figure 14, reproduced from the EA, provides the basis for this approach to
impact assessment, which is premised entirely on impacts on rock bars that controlled
stream pools. The approach means that conservatism in the MSEC methodology for
predicting effects has already been taken into account when associating levels of
observed impact with predicted closure movements.

Figure 14: Correlation between Predicted Total Closure and Total Upsidence at Time
of Pool Impacts in the Southern Coalfield”®

Three categories of impact at rockbars controlling pools have been identified in the
EA and identified in Figure 14, namely:

e Type 1. Nil or negligible. The terms nil and negligible have not been defined
in Appendix A or elsewhere in the EA”’.

> ¢.g. Galvin (2005); Mills (2008).
"® Figure is reproduced from Fig. 4.210f Appendix A.
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e Type 2: Includes isolated fracturing, gas releases and iron staining.

e Type 3. Those in which the pool water levels were observed to drop more
than expected after considering the rainfall and surface and groundwater flow
conditions.

Appendix A reports that Figure 14 ‘indicates that no pool impacts have been
observed, to date, where the predicted total closure was less than 200 mm’®’. Based
on the database accumulated to date, it concludes that there is around a 10%
probability of a Type 3 impact being associated with a 200 mm to 215 mm closure
range. The Panel concurs with this finding but notes that it is sensitive to the size of
the database and the timely detection of impacts. Therefore, the probability may
increase or decrease as more case studies become available.

The Panel cautions against the following conclusion in Appendix A:

‘The adoption of 200 mm predicted total closure as an impact criterion is also
considered conservative for future mining cases where many longwalls are
near a creek or river, especially after recognising that the data shown in
Fig. 4.21" is derived from historical case studies where the Type 3 impact
sites are almost all located either directly above the mined longwalls, or, to
the side of a series of longwalls. Only one type 3 impact was observed beyond

the end of a series of longwalls, where the offset distance was 74 metres .

This caution is specific to the BSO Project and arises for two reasons:

e The conservatism to which the text refers has already been accounted for in
the (updated) closure profiles for streams presented in Fig. 100-01 to Fig.
200-35 of the EA®.

e The impact assessment methodology used in the EA applies only to pools
controlled by rockbars. In responding to the Panel’s questions, ICHPL has
reported that in addition to there being 169 pools upstream of rockbars,
another 175 pools are upstream of boulder fields and another 14 are upstream
of other obstructions.®? ICHPL makes a series of statements as to:

‘boulder field controlled pools are less likely to have increased
leakage as a result of subsidence movements’.

" In its report on the Metropolitan Coal Project, the Panel stated that it considers negligible
consequence 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. The approval conditions for Metropolitan Coal Project defined negligible to mean:
Small and unimportant, such as to be not worth considering

" The Panel notes that this statement should be qualified with the inclusion of the word Type 3; that is
......... no Type 3 pool impacts......

™ Figure 14 of the Panel’s report

8 EA, Appendix A, p.48.

81 EA, Appendix A, p.52.

8 ICHPL (2010b), response to PAC Question 52.
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and if

‘leakage through the sediments is enhanced due to cracking of the
sediments they are more likely to infill with local and transported
sediments during subsequent flow and flood events within the stream .

and

‘Where boulder fields or sediment accumulations occur over bedrock
there could be fracturing of the underlying bedrock as a result of
subsidence movements. These fractures are likely to infill over time
due to the immediate availability of sediments to the fracture network’.

These and other related statements are not supported in the EA by any factual
observations or measurements. They may well prove to be accurate but in the
absence of any supporting evidence, the Panel has no option but to consider them
conjecture. In so doing, it notes that ICHPL does not commit to these pools
experiencing negligible impact, being the performance standard applied to rockbars
throughout large portions of the BSO Study Area.

Total closure across a valley is particularly important in its own right when structures
span across a valley as they are exposed to the total closure movement. On the other
hand, because the valley sides tend to move en-masse, closure may hold few
implications for features located on the flanks of a valley. However, closure becomes
critical for features located in the base of a valley because this is where most of the
closure displacement occurs. The most important aspect of this movement is the
generation of very high compressive strains (in the valley floor), as evidenced in
upsidence. This being the case, it would be much more logical and useful if closure
movements were assessed in terms of these compressive strains. The DII placed a
high emphasis on this approach in its presentations to the Panel and supported it with
a range of measured strains that correlated reasonably well with resulting subsidence
impacts.

The Panel notes that the Swamp Matrices presented in Attachment OB of Appendix O
(Upland Swamp Risk Assessment) report predicted closure strain in addition to
closure. This is considered to be a significant step forward.

The Panel concludes that:

e There is considerable uncertainty associated with the methodology used in the
EA to predict non-conventional subsidence effects. However, currently there
is no better alternative technique available and predictions of effects are more
likely to be over-estimated because they are based on a conservative upper
bound approach.

e The relationship between the prediction of non-conventional subsidence

effects and the impacts and consequences that result is poorly defined and too
limited in scope.
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e In the case of rock bars that control pools on watercourses, there is a
‘disconnect’ between the methodology used to predict effects and that used to
predict impacts. Hence, conservatism in the prediction of closure and
upsidence effects does not translate into conservatism in the prediction of
closure and upsidence impacts.

e The prediction in the EA of closure strain at swamps is a significant step
forward.

The Panel notes that although the impacts at rockbars in the BSO Project and the
Metropolitan Coal Project have been assessed on the basis of predicted closure, this
approach is illogical and unsatisfactory. This is because it is based on a correlation
between predicted closure (an estimate) and observed impact (a fact) rather than
measured closure (a fact) and observed impact (a fact). The illogical nature of this
approach is reinforced when it is realised that it is mainly employed because of the
poor correlation between measured closure and observed impact.

4.2.3. Implications of Increasing Longwall Panel Width

The prediction and assessment of subsidence effects, impacts and consequences in the
EA are premised on the Base Case layout. Appendix A reports that this layout could
change within the Extent of the Longwall Mining Areas as a result of:

e Shifting the location of the longwalls
e Re-orientating the direction of the longwalls
e Modifying the length of the longwalls

e Modifying the widths of the longwalls and/or the chain pillars

According to Appendix A, the first three modifications are unlikely to result in any
significant changes in the maximum predicted systematic subsidence parameters
which have been provided in the EA for the Base Case layout. However, the
locations of the maxima are likely to change depending on the final locations of the
longwalls. The Panel notes that critical isolated features and linear features have been
assessed in the EA on the basis of the maximum predicted systematic subsidence
effects across the whole mining domain in which they are located and, therefore, these
worse predictions should not be affected by a change in longwall panel location or
orientation. However, they can impact on predictions at specific sites, causing them
to be either greater or less than predicted depending on their location relative to the
longwalls. The Panel agrees with these assessments.

The fourth manner in which the longwall layout may be modified in time to come,
namely by increasing the panel width, has much greater implications because it results
in changes in the predicted maximum subsidence effects. As noted in the EA, the
extent of these changes depends on a number of factors, including the modified panel
widths, the chain pillar widths, the depth of cover, and the geology of the overburden.
The EA reports that as longwall mining technology improves, it is likely that it will
become more efficient to extract wider longwalls. However, it acknowledges that
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there are no longwall panels wider than 325 m in the Southern Coalfield and none
wider than 410 m in Australia. Hence, there is no longwall database for deriving
incremental subsidence profiles and calibrating the IPM technique for wider longwall
panels.

MSEC has approached this problem by utilising subsidence data associated with
multiple pillar extraction panels at Tahmoor Colliery, to the south west of the BSO
Study Area, and at Coal Cliff and Metropolitan Collieries to the east of the Project
Area. The IPM technique was applied to generic mine layouts to determine increases
in subsidence effects for longwall panel widths of 350 m, 400 m, 450 m and 500 m.
These are reproduced in Table 5 of this PAC report.

Table 5: Predic'%%d Increase in Subsidence Effects Associated with Wider Longwall
Panels

Table 4.3 Changes in the Maximum Predicted Systematic Subsidence Parameters for
Longwall Void Widths of between 350 and 500 metres

Depth of Cover Change in the Predicted Maximum Systematic Subsidence Parameter
s Longwall
(Mining Width (m) from those Based on the Base Case Longwall Layout
Domains) Subsidence Tilt Curvature Average Strain
300m to 450m 350 % 1.05 %x1.15 x 1.05 x 1.05
400 x1.10 x1.20 x1.10 x1.10
(Area 2, Area 3 450 x1.13 x1.25 x1.20 x1.20
and North Cliff) 500 x1.15 x 135 x130 x130
400 x1.25 x1.25 x1.20 x1.20
(Areas 5.7, 8,9 450 x 1.30 x 1.40 x 1.30 x 1.30
and North Cliff) 500 x1.35 x1.50 x1.40 x1.40
350 x1.15 %125 %120 %1.20
550m to 700m 400 x1.30 x1.30 x1.30 x1.30
(Areas 7, 8 & 9) 450 x1.35 x 1.50 x 1.40 x 1.40
500 x 1.40 x 1.60 %50 x 1.50

The subsidence numbers presented in Table 5 are comparative and do not enable a
ready assessment of the scale of the changes arising from wider longwall panels. One
needs to refer to the actual predictions for each mining domain in the Base Case
layout in order to appreciate both the increase in subsidence effects in each mining
domain and the absolute magnitude of the subsidence effects. For example, one
cannot determine from Table 5 if the projected 35% increase in tilt for a 500 m wide
longwall in Area 2, Area 3 and North CIliff results in a smaller or larger increase in
absolute tilt than the corresponding 60% increase in Area 7, Area 8 and Area 9.

More critically, the assessment does not address changes in non-conventional
subsidence effects and provides no insight into changed subsidence impacts and
consequences.

The Panel concludes that:

e Performance criteria need to be framed such they are insensitive to any
changes in the Base Case layout.

% Note: the term average strain is erroneous. It represents maximum strain as derived from maximum
curvature.

52



4.3. MANAGEMENT OF EFFECTS AND IMPACTS

4.3.1. Options Relating to Risk

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

e Eliminate
e Mitigate
e Tolerate

Adaptive management and remediation can find application across all three options.
Adaptive management is concerned with monitoring subsidence effects and impacts
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 recovery measure for limiting the
consequences of an impact.

Elimination of subsidence impacts is achieved by not 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
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 200 m from the edge of the structure.

# The NSW Land and Environment Court has recently defined adaptive management as:

‘Adaptive management is a concept which is frequently invoked but less often implemented in practice.
Adaptive management is not a “suck it and see”, trial and error approach to management, but it is an
iterative approach involving explicit testing of the achievement of defined goals. Through feedback to
the management process, the management procedures are changed in steps until monitoring shows that
the desired outcome is obtained. The monitoring program has to be designed so that there is statistical
confidence in the outcome”.

Newcastle and Hunter Valley Speleological Society Inc v. Upper Hunter Shire Council and Stoneco Pty
Limited [2010] NSW LEC 48.
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Mitigation involves measures undertaken to reduce the impacts of subsidence on
features. Six common means are:

4,

5.

Restriction of ground movement, which may be achieved in one of two ways:

e Selecting mining dimensions so as to increase the width of pillars
between panels, and/or restrict mining height and/or excavation width
and/or the distance that mining can approach within a feature. Mining
layouts in which percentage extraction is restricted for the purpose of
controlling subsidence are referred to in general as partial extraction
mining systems. A reduction in longwall panel width from 310 m to
163 m, for example, results in about an 8.5% reduction in percentage
extraction.

e Backfilling of mine voids, also referred to as stowing. Backfilling of the
mining void immediately behind a longwall face has been practiced
extensively in coal mines in Europe to reduce surface subsidence
typically by 50 to 70%. It is an expensive process that requires mining
to be slowed in order to provide time to place the fill. This, in turn,
impacts adversely on productivity. It may also affect safety if ground
conditions deteriorate as a result of the slow rate of mining®. Many of
the European mines that utilized this technique have become
uneconomic and closed over the last two decades.

A second subsidence reduction stowage technique practiced in Europe
and China is the injection of backfill into the partings planes that form in
the roof strata in the vicinity of a longwall face as it retreats out of a
panel. This restricts closure of the partings as the strata sags after the
passage of the longwall, resulting in a reduction in surface subsidence of
typically 10 to 30%.

Isolation of ground movement: This involves isolating a feature from ground
displacements, strains and shear displacements. Techniques include placing
bearings beneath structures (such as bridges), uncovering buried structures
(such as pipelines), and constructing slots in the ground at strategic locations
adjacent to a feature to encourage ground movements to 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 but has produced encouraging results at Waratah Rivulet
and Marnhyes Hole on the Georges River.

Rigid ‘floating’ foundations: By placing a structure on a rigid raft foundation
that can ‘slip’ on the ground surface, the structure can move as one entity and
so be protected from curvature and horizontal strain. However, it is still
susceptible to tilt. This technique is often applied to houses in mining areas.

% The strength of weak rock under load can reduce over time.
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7. Flexible construction: Structures may be designed such that they can sustain a
degree of differential movement whilst remaining safe, serviceable and
repairable®®. For example, weather board structures generally have a higher
tolerance to tensile strain than masonry structures, whilst the tolerance of
masonry structures to differential movements can be increased through the use
of strategically located expansion and contraction joints.

8. 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, installing support in overhangs and cliff faces prior
to undermining, and periodically relevelling and realigning man-made
structures.

9. Preservation responses: Objects and structures 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.

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.
Remediation of the built environment usually involves re-levelling and restoring
surface finishes, although reconstruction is sometimes undertaken. In the case of
natural features, options include backfilling and/or grouting of cracks and fracture
networks, stabilisation of slopes, and implementation of 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 can be utilised in one of two ways. The first is the creation of a
grout curtain to act as a vertical barrier to the transmission of fluid. The second is
shallow pattern grouting to seal the immediate bed of a watercourse. Pattern grouting
is not targeted to seal deeper underlying fracture networks.

Some grouting agents used for sealing similar types of fracture networks in other civil
and mining environments have not been permitted in sections of the Southern
Coalfield because of concerns regarding pollution of water supplies. Until recently,
the SCA did not permit any form of grout to be used within its Special Areas.
Consequently, in sections of the Waratah Rivulet, unconsolidated sand was used in
attempts to fill cracks within the river bed. This material quickly washed out of the
cracks during high flow events and now can be found downstream within various
pools in the watercourse. More recently, injection of polyurethane has produced

% Safe means no danger to users; Serviceable means available for its intended use; Repairable means
damaged components can be repaired economically. (DoP, 2009b).
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mixed but promising results at this site. The main concerns appear to relate to
potential breakdown of the sealant at the surface and long term durability.

The degree of success of grouting is dependent on the accessibility of the site, on the
type of grouting materials used and on timing. 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.

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.

4.3.2. Application in General to BSO Study Area

In the course of this Inquiry and previous Inquiries, Panel members have inspected a
broad range of sites and measures invoked for eliminating, mitigating and tolerating
subsidence impacts in the Southern Coalfield. The Panel has also been made aware of
and observed a number of rehabilitation and adaptive management techniques. These
matters were well canvassed in submissions to the Panel. Many are dealt with in
detail in the context of specific features in later sections of this report.

Appendix A has identified a very large number and variety of man-made structures
that could potentially be impacted by subsidence in the BSO Study Area. The EA
invokes a wide range of options for managing these impacts so that they do not
present an unacceptable level of risk.

Mitigation measures involving isolating structures from ground movement, allowing
structures to move en-masse, and/or building flexibility into structures should have
been implemented during construction in areas already declared a Mine Subsidence
District at that time. This is the case for many houses in the BSO Study Area.
Mitigation measures have been implemented for other structures, such as the Main
Southern Railway and the Upper Canal, prior to them coming within the influence of
mining. On occasions, additional mitigation measures have also been undertaken for
structures built in compliance with MSB construction requirements.

Extensive remediation of the built environment has occurred in areas affected by
previous mining in the BSO Study Area. This ranges from repair of minor hairline
cracks in plaster walls through to the realignment of the Twin Bridges on the Hume
Highway at Douglas Park. Mining in the vicinity of the Twin Bridges also serves as
an example of adaptive management, with the nearby Longwall 17 Panel at Tower
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Colliery®” being cut short and mining proceeding in approved increments of 50 m to
avoid exceeding a threshold level of movement at the Twin Bridges.

A detailed review of potential impacts and consequences associated with subsidence
of the man-made features in the BSO Study Area is presented in a later chapter of this
report. In general, the Panel is satisfied that technologies, processes and controls are
sufficiently well developed to enable risk to built environment presented by
subsidence to be effectively managed.

In regards to natural features, the Panel is unaware of any example of where it has
been decided to eliminate subsidence effects at a natural feature in the BSO Study
Area by not mining within its zone of influence. However, it is possible that the BSO
Study Area was defined so as to provide this level of protection to one or more natural
features.

The mining layout assessed by the Panel in the case of Metropolitan Coal Project
invoked restricted mining dimensions as a subsidence management control measure,
with longwall panel width being reduced from 163 m to 133 m beneath Woronora
Dam. The Base Case layout for the BSO Project does not utilise this type of
mitigation measure. Appendix P (Stream Risk Assessment) and Appendix O (Upland
Swamp Risk Assessment) report that alternative mine plans were used to examine the
relative costs and benefits of modifying the BSO Base Case layout in the Area 2,
Area 3 and North Cliff mining domains by narrowing the longwall panel width to
163 m. The analysis indicated this would result in a substantial cost increase whilst
not significantly altering the expected environmental consequences®.

The basis for this conclusion in respect of environmental consequences for streams is
premised on the very high level of closure and upsidence already predicted for Dahlia
Creek, Wallandoola Creek and Allens Creek as indicated on Figure 15. The Panel
concurs that the 100 to 200 mm reduction in closure afforded by reducing longwall
panel width to 163 m is unlikely to cause a meaningful change in the severe
environmental consequences for these streams.

¥ since renamed Appin West Colliery
% page P-25 of Appendix P and Page O-36 of Appendix O
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Figure 15: Profiles of Predicted Closure and Upsidence for Dahlia Creek and
Wallandoola Creek Showing Effect of Narrower Longwall Panels®

The Base Case layout makes extensive use of buffer zones between the start and/or
finish points of the longwall panels and many of the natural (and man-made) features
as a means to mitigate subsidence impacts on these features. In these circumstances,
the effectiveness of the measure and the opportunity to implement adaptive
management practices may be very dependent on the direction of longwall mining
relative to the feature. If longwall mining retreats away from a feature, there is little
opportunity to practice adaptive management in that longwall panel. However,
because subsidence effects are cumulative across a number of panels, the opportunity
exists to change the start or finish lines of subsequent longwalls in order to manage
subsidence impacts. As reported in the EA, this concept can also be applied to mining
on either side of features such as watercourses™.

The Panel concludes that the Base Case layout is amenable to adaptive management
to control impacts on some features that are located at the start or finishing lines of the
longwall panels and has been well utilised for this purpose. It also concludes that the
direction of longwall panels in the Base Case may be able to be changed without
unduly jeopardising this situation. However, the approach is not universally
applicable and the effectiveness of it is likely to reduce with any increase in longwall
panel width both because a larger increment of subsidence will be associated with the
extraction of a wider longwall panel and because this increment will affect a larger
area of the surface.

% Sourced from Appendix P of the EA.
9 EA, Appendix A, p.61.

58




The EA makes no mention of backfilling the mining void immediately behind the
longwall face in order to mitigate subsidence. The Panel notes the submission of the
New South Wales Mineral Council (NSWMC) to the Southern Coalfield Inquiry in
this regard:

The mining industry in Australia has investigated the feasibility of
backstowing with a view towards reducing subsidence impacts on the surface.
At this stage it has been found not only is the practice extremely
uneconomical, there are significant practical and mine safety issues to
address with this methodology in Australia. Technological advancements may
one day lead to backstowing however. Backstowing does not completely
reduce subsidence to zero. The amount of subsidence reduction achieved to
date is approximately 50 to 70%°,

The EA also makes no mention of filling parting planes in the roof strata in the
vicinity of a longwall face. However, the Panel is aware that pre-trial feasibility
studies of this technique utilizing coal washery waste were recently undertaken at
West Cliff Colliery under funding from ACARP (Shen et al, 2010).

The Panel has inspected the sites of slotting operations on the Waratah Rivulet and on
the Georges River, the latter site being within the BSO Study Area. At Waratah
Rivulet, the full array of slot holes could not be drilled in the allocated time frame. A
limited amount of horizontal ground movement was observed in some of these holes.
At the Georges River, a stress relief slot cut in the river bank adjacent to Marhnyes
Hole®, Figure 16, is reported to have delayed the onset of fracturing and reduced its
extent at this site®® The Panel concludes that the technique has shown promising
results to date. However, practical considerations related to factors such as
topography, site access and availability of services, limit the scope of this mitigation
measure in the BSO Study Area.

1 NSWMC submission to the SCI, p.14.

% Marhnyes Hole is the general name for the prominent rockbar and the two pools upstream and
downstream of the rockbar overlying Longwall Panels 27 and 28 (EA, Appendix C, p.161).

% BHP Billiton (2006), Attachment 13 of ICHPL (2010b).
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Figure 125 West CIiff Longwalls 25 to 28

Figure 16: Location of the Georges River over West Cliff Longwalls 25 to 2894

Cement based grout injection has been utilised in the immediate vicinity of the BSO
Study Area in attempts to form grout curtains in the Cataract River Gorge and along
the Georges River (e.g. Jutts Crossing, Figure 16) and to seal the base of ponds along
Georges River (e.g. Marnhyes Hole). The EA reports that flow monitoring data
suggest that up to 1 ML/day was being diverted (post mining) via the subsurface
fracture network in some sections of the Georges River®. It states that remediation
works have been successful in re-establishing flow over rockbars during normal low
flow conditions but there is little evidence of recovery in adjacent groundwater levels.
It was concluded from the grouting activities that underflow bypassed rockbar RB16
by cutting across the bend in the river.

It is reported that remediation at the site of Marhnyes Hole consisted of backfilling the
stress slot, pattern grouting of the top 1 to 2 metres of Pool 14, repairing some of the
visible fractures using hand mortaring with cement and natural oxides, and removing
a rock fall that had occurred below the overhang at Marhnyes Hole during
undermining®. Further movement of the rock bar occurred after the fractures were
grouted, resulting in minor fracturing of the grout that was subsequently repaired.

% Figure 125 of Appendix C of EA; Note — ‘Marnheys’ is misspelt on source drawing, and Longwalls
25, 26, 27 and 28 are numbered as LW5A1, LW5A2, LW5A3 and LW5A4 in BHP Billiton (2006).

% EA, Appendix C, p.162.

% BHP Billiton (2006).
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The Panel inspected Marhnyes Hole in early 2010, Figure 17. It noted that some
fractures that had not been grouted appeared to have a degree of fresh (but minor)
movement on them, Figure 18, and that some grouted fractures may have recently
undergone another cycle of repair, Figure 19.

Figure 18: Examples of cracking at Marhnyes Holes as at 6/1/10 which appeared to
be associated with past mining in the area
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Figure 19: Cosmetic cement based remediation of mining induced cracking at
Marhnyes Hole as at 6/1/10

Against this background, the Panel does not accept without qualification the claim in
the EA that: ‘Remediation of ﬁactured rockbars has been successfully undertaken
within the Southern Coalfield ™".

The BSO Panel made a number of observations related to ‘self-healing’ of fractures
during its field inspections. On a number of occasions it observed that although
fractures gave a superficial impression that they had sealed naturally, excavation
revealed that the fracture planes were still quite porous and permeable. It was also
deduced with a reasonable level of certainty that there was substantial sub-surface
flow at some of these sites. The Panel concludes that the knowledge base relating to
self healing is inadequate for it to be relied upon as a remediation measure, at least in
sandstone settings.

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. ICHPL has reported that grouting has not been used to
remediate a pool retained by boulder field, although it has been used previously
within sediment accumulations®. The SCI Panel was also not aware of any
remediation having been undertaken 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

T EA, Appendix A, p.79.
% ICHPL (2010b), response to PAC Question 52.
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aspects that warranted more detailed consideration and research in order to reduce this
level of risk. The BSO Panel considers the situation reported by the SCI to be largely
unchanged.

Based on the accumulated field inspections of its members, the Panel concurs with the
NSWMC submission to the SCI that:

The discussion of subsidence mitigation and remediation needs to balance a
number of pertinent issues. These include:

1. The level of required mitigation and remediation needs to be clearly
understood in terms of both safety and also the impact the rehabilitation
measures themselves may have. Active rehabilitation at the remote
location of many of the areas subject to subsidence in the Southern
Coalfield may require the disturbance of otherwise undisturbed habitat. It
will be important to ensure that the level of impact for the remediation is
comparablg/ less than the subsidence related impacts they seek to
remediate®.

The Panel is of the view that the consequences of having to undertake mitigation and
remediation have been underestimated to date and need to be given a higher level of
consideration when assessing underground mining projects and framing approval
conditions.

The Panel concludes that:

1. There are extensive lengths of watercourses, including rock bars, which are
not amenable to remediation utilising grouting techniques.

2. Techniques for effectively sealing upsidence networks such that there is no
subsurface flow are yet to be demonstrated.

3. The knowledge base relating to self healing is inadequate for it to be relied
upon as a remediation measure in sandstone settings.

4. There is no experience base of either natural processes or engineered measures
for remediating swamps impacted by fracturing.

5. Mitigation and remediation measures associated with subsidence constitute
subsidence impacts in their own right.  Furthermore, high negative
consequences can be associated with these impacts.

Based on these findings, remediation cannot be considered at this time to be an
alternative to prevention where the functionality of water-dependent natural features
is an objective. At best, remediation is a strategy that may have limited application to
a limited range of natural features (i.e. some rock bars), either where:

% NSWMC submission to the SCI, p.18.
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1. Performance Criteria have been exceeded and some attempt to repair is
feasible in addition to application of appropriate sanctions, or where

2. Performance Criteria have not been drafted to allow for some impacts and
remediation attempts may be a way of restoring some level of functionality.

The Panel recommends:

1. That at this time neither Approval conditions nor Extraction Plans should rely
on remediation as a means of maintaining (or restoring) functionality of water-
dependent natural features that are potentially exposed to subsidence-related
impacts; and

2. That research should continue to explore remediation techniques with a view
to improving their effectiveness, expanding the range of impacts and features
to which they may be applied, demonstrating their longevity, and minimising
collateral impacts.
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5.0 GROUNDWATER IMPACTS AND CONSEQUENCES

The SCI identified two fundamental groundwater domains for consideration in project
impact assessments:

1. The deep systems generally associated with geological strata at depths greater
than 20m or so. These strata include the greater part of the Hawkesbury
Sandstone down to and beneath the Bulli Seam. The system is typically
confined and pressurised except for the uppermost parts which are unconfined.
The shallowest units in the project area are either Hawkesbury Sandstone or
Wianamatta Shale.

2. The shallow systems associated with surface drainage lines and swamps.
These are typically unconfined systems where the stream courses tend to act as
‘hydraulic sinks’ attracting groundwater flows from adjacent strata then
draining the system via surface flows. There are also perched systems where
for example, some swamps in elevated terrain provide a water store which is
located above the regional water table and which may sustain downwards
leakage into underlying strata.

In consideration of the deep groundwater system(s), the SCI determined that
environmental impacts arising from historical mining operations were not easily
characterised but were related mostly to the extent of deep strata depressurisation
associated with drainage of the fractured subsidence zone above extracted longwall
panels. The magnitude of these impacts depends upon the depth of cover above the
coal seam, the strata permeability and the mine plan — a shallow depth of cover could
lead to hydraulic connectivity from the surface to the underlying mine workings with
potentially significant impacts on shallow groundwater and surface water systems.
However the SCI also noted that ‘more commonly, mining is conducted at a sufficient
depth to support the long term presence of a constrained zone’ which is a zone where
vertical connectivity is negligible and downwards flow is governed by the natural
(vertical) permeability of the strata.

In consideration of the shallow systems, the SCI determined that the potential impacts
of mining included cracking of stream beds and rock bars as a result of tensile failure
and/or bedding shear associated with normal subsidence, or with valley closure
mechanisms. Tilt was also noted in relation to upland swamps. Consequences of
these mechanisms on stream beds are known to include partial to complete loss of
surface flows as water is redirected into underlying fractures, draining of pools
upstream of cracked rock bars, erosion of swamp materials as flows are
reconcentrated (from tilts), changes to the water table in swamps and associated
changes to habitat, and water-rock geochemical interactions along newly exposed
fracture pathways. The latter is typically associated with iron (Fe) staining along
creek beds and on rock bars, bacterial matting, reduced oxygen levels and unnatural
discolouration of stream waters.

A precautionary approach for impact assessments was advocated by the SCI for both
shallow and deep groundwater systems. In addition, the SCI noted a need for
improved accuracy in the prediction of subsidence impacts, expanded monitoring
systems, and the employment of 3D groundwater modelling to quantify flows
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(including losses to stream and swampland baseflows) and strata depressurisation.
The SCI further noted a need for improved strata hydraulic properties measurement
(permeability and porosity) using borehole tests, core inspections and analyses, and
geophysical wireline logging. An accurate mine water balance for existing or future
operations was considered especially important since it provided a means of
validating predicted underground flows to a mining operation, and a first indication of
anomalous conditions that might be associated with hydraulically charged structures
like faults or intrusives.

The SCI categorisation of groundwater domains into deep and shallow systems and
the associated potential impacts have been adopted by the Panel in the current
assessment.

5.1. OVERVIEW OF BSO GROUNDWATER STUDIES

Groundwater issues are reported in Appendix B of the EA (Heritage Computing). In
reviewing Appendix B, the Panel notes that the content focuses largely on the deep
groundwater systems and computer modelling of those systems. Shallow and
perched systems, while reviewed in the context of setting and historical monitoring,
are not included in the groundwater modelling effort due to scale - these systems tend
to be localised. However, the potential impacts on baseflows to the major rivers and
streams were considered as part of the modelling effort.

Shallow groundwater system impacts are also addressed by ICHPL in Appendix A of
the EA (Subsidence Assessments), Appendix C (Surface Water Assessments) and
Appendix O (Upland Swamp Risk Assessment).

The Panel has adopted a similar division by providing overview and findings with
respect to shallow groundwater systems in Chapter 6 (Swamps) and Chapter 7
(Surface Waters and Aquatic Ecology) of this report.

5.2. HYDROGEOLOGIC SETTING FOR GROUNDWATER SYSTEMS

A generalised stratigraphic section for the BSO Project Area is summarised in
Chapter 4 along with a brief description of the stratigraphic sequence.

Briefly, the uppermost unit is the Ashfield Shale which outcrops over much of the
western part of the BSO Project Area as indicated by the geological map, Figure 4.
The unit exhibits low primary intergranular (matrix) permeability and as such,
groundwater flow rates are likely to be extremely low. It is regarded as an aquitard or
aquiclude™®.

The Hawkesbury Sandstone underlies the Ashfield Shale in western areas but
outcrops over much of the eastern part of the Project Area. It comprises bedded and
cross bedded quartzose sandstones with bedding thickness varying from relatively
thin (less than a few centimetres) to more commonly massive. The permeabilities and
porosities of the different layers are known to vary with some layers being

1% An aquitard is strata of low permeability that restricts flow within or across it. An aquiclude is
essentially an impermeable strata.
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particularly conducive to groundwater storage and transmission'®’. These may be
regarded as aquifers.

The Bald Hill Claystone resides at the base of the Hawkesbury Sandstone. This
claystone unit is generally recognised as an aquitard which impedes groundwater flow
across it. Beneath the claystone is the Bulgo Sandstone, a regionally continuous
sandstone unit which can host frequently interbedded siltstone layers. This unit is
relatively thick and has been previously used to dispose of waste water using injection
wells'®. The Stanwell Park Claystone resides at the base of the Bulgo Sandstone.
This claystone probably acts as an aquitard in its undisturbed state but is a candidate
for subsidence induced fracturing above longwall panels. More detailed descriptions
are provided in Appendix B of the EA.

The Panel has inspected many catchments hosting shallow groundwater systems and
noted the steeply incised terrain, extensive rock outcrop and joint controlled drainage
lines associated with Hawkesbury Sandstone terrain. The Panel has also noted the
more subdued terrain generally associated with Ashfield Shale catchments. The
Razor Back Range situated in Area 8 and Area 9, is an exception where steeper slopes
prevail in shale terrain. However drainage lines tend not to be as sharply incised
when compared to sandstone terrain to the east (see Chapter 7 for a more detailed
overview of surface water systems).

5.2.1. Conceptualised Groundwater Flow Systems

The conceptual hydrogeologic cycle associated with the region was described in the
SCI and is adopted herein. Fundamentally, the hardrock systems have been recharged
by rainfall and runoff over a very long period of time. This recharge sustains a water
table that commonly resides in the shallower strata at elevations equal to or higher
than the beds of the creeks and rivers throughout the region. Where the water table is
at shallow depths, it is observed to respond quite rapidly to rainfall but with
increasing depth, it tends to respond more slowly.

Natural groundwater flow systems are established by the rainfall recharge process.
The flow paths within these systems are largely governed by the prevailing drainage
lines - groundwater reports to these drainage lines as baseflow from adjacent areas of
elevated water tables. Both porous matrix flows and groundwater flows associated
with joints, shears and faults, have been identified or inferred in most catchments
throughout the Project Area. The deeper matrix type flows are apparently constrained
in some areas to near horizontal flows by the presence of aquitards and aquicludes
like the Bald Hill Claystone while fracture flows may follow tortuous and somewhat
unpredictable pathways.

Swamp lands in upland catchment areas act as water stores and baseflow contributors
by virtue of their composition (unconsolidated sandy materials), fabric and location.
Rainwater falling on swamps is capable of infiltrating the porous soil matrix if that
matrix is unsaturated, or being retarded in its surface flow to the outlet of a swamp
system by the presence of dense hydrophidic vegetation.

01 See for example the Proposed Kangaloon water supply area. SCA Metropolitan Water Plan
Groundwater, Project Technical Reports (2005-2009), Vol.1 and 2.
192 EA Appendix B, Section 2.11.1
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Two categories of swamps were identified in the SCI and are adopted herein. These
are the upland headwater swamps located in upper parts of the catchments where
topographic grades are generally slight, and valley infill swamps that are situated
within established and incised drainage lines. Headwater swamps can occupy very
large areas of the upper catchments while valley infill swamps tend to be more
localised and elongate depending on the host drainage line. The Panel visited a
number of swamps and observed the sandy nature of the contained sediments, the
generally limited thickness of sediments (typically 0.5 to 2 m), the often shallow
topographic grades, and the presence of dense vegetation (see Chapter 6 on Swamps).
Headwater swamps are reported to be perched above the regional water table while
valley infill swamps may be partly perched or fully connected to the groundwater
table.

5.3. SUBMISSIONS IN RELATION TO GROUNDWATER

e Concerns raised in submissions to the Panel can be categorised into:

e the deep system and the potential for loss of surface waters via connected
cracking in the subsidence zone, or the loss of strata pore pressures affecting
boreholes or other water supplies;

e the shallow systems and the potential for redirected surface water flows into
underlying strata, leading to reduction or loss of flows, degradation of aquatic
habitat and impairment of stream water quality;

e the surficial systems and the potential for degradation of swamp lands via
changed surface and subsurface flow paths.

While many submissions highlighted specific issues, a number raised concern about
the generalised nature of the outcomes from hydrogeologic analyses conducted by
ICHPL and the potential for changed conditions in the event of departures from the
BSO Base Case mine plan.

SCA noted that the groundwater assessment ‘has shortcomings which are likely to
result in the failure to identify probable impacts and under-estimate the extent of
impacts’'®. Particular issues that were identified included insufficient groundwater
monitoring, under-estimation of the height of fracturing in the subsidence zone,
limited site-specific data, inappropriate groundwater model grid size, inappropriate
hydraulic properties adopted in groundwater modelling, and no assessment of perched
groundwater levels (swamp systems implied). SCA also maintained concerns
previously raised in the Metropolitan Coal Project Review in relation to diversion of
surface waters to shallow groundwater systems as a result of enhanced cracking
noting that ‘SCA is therefore concerned that the Project may reduce catchment yield
to Cataract Dam, Woronora Dam and Broughtons Pass Weir’. Additional to these
concerns were important issues relating to surface water quality changes arising from
re-directed flows, and the accumulation of metals like iron and manganese as a result
of minerals dissolution in the shallow groundwater systems.

DECCW raised numerous areas of concern noting the conceptual nature of the
proposal and the limited survey with respect to swamps, streams and related

1%3 SCA (2009), p.23.
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ecologies’™. In particular, DECWW noted the sparse monitoring of groundwater
interactions for upland swamps and identified potential loss of groundwater associated
with mining beneath swamps as a key concern. Swamp 1 located in Area 2 at
Dendrobium Colliery was provided as an example where groundwater monitoring
piezometers suggest significant draining of contained groundwaters as a consequence
of undermining. DECWW suggested monitoring of conditions at a further 5 swamps
in Area 3A at Dendrobium which are due to be undermined ‘should be used to inform
further swamp risk assessment’*®® prior to any approval to undermine any swamps in
the BSO Study Area. In view of the uncertainties in predicting the consequences of
mining on the natural features including streams and swamps, DECWW also
recommended ‘staging of the mining, so that the Eastern domains be delayed until the
science of predicting environmental consequence and developing preventative
measures, is improved’.

NOW identified numerous issues relating to surface water impacts /losses and
interaction with shallow groundwater systems'®. In particular ‘NOW consider the
groundwater impact assessment does not answer very significant questions related to
the long term potential impacts... ... and the potential for long term changes in
surface/ground water interchange’. NOW also identified a number of issues relating
to computer modelling of the deep groundwater system and potential ambiguities or
errors arising from limited extents of the groundwater model and calibration based on
a steady state flow system. NOW indicated to the Panel that macro Water Sharing
Plans for the Greater Metropolitan Region Groundwater Sources 2010 and Greater
Metropolitan Region Unregulated River Water Sources 2020, are imminent. These
plans will effectively embargo any further entitlements for extraction (or diversion-
loss) under the Water Management Act 2000. This may have implication for ICHPL
if it is demonstrated in future monitoring-measurement of surface water systems, that
losses in catchment yield are occurring.

Issues arising from Special Interest Groups and the wider public domain
overwhelmingly focused on interactions between surface water systems (including
swamps) and the shallow groundwater systems. Specific concerns related to changed
flows (swamps), diversion and loss of flows in streams, and water quality
degradation. Except for the potential loss of borehole water supply yields in the
Wedderburn area, issues relating to the deep groundwater systems were not raised.
Dr. A. Young also drew the Panel’s attention to the potential impacts of mining on

swamps™’.

5.4. DEEP GROUNDWATER SYSTEMS ASSESSMENTS

In a mining context, deep groundwater systems once disturbed, are not easily
manipulated or engineered to achieve a desired outcome, at least not within a short
time frame. Indeed it may take many hundreds of years for a disturbed groundwater
system to re-equilibrate after the cessation of mining. Accordingly the depth of study
undertaken in characterising and assessing these systems needs to be sufficient to
provide a high level of confidence in impact predictions especially with regard to

14 DECCW (2010c).

1% DECCW (2010c), p.4.
1% NOW (2009).

7 Young (2010).
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potential baseflow losses from creeks and rivers, storage losses from swamps and
deeper aquifers, and yield reductions at existing bore water supplies. For these
reasons, BSO groundwater studies (Appendix B) have been rigorously reviewed by
the Panel. The process has involved discussion with the Proponent, field inspections
to assimilate the hydrology of differing catchments, inspections of rock core in order
to gain an appreciation of strata properties, review of additional data provided by the
Proponent, and careful analysis of groundwater flow modelling procedures and
outcomes.

The Panel notes that after extensive consultation with Government Agencies, the
consensus view held that insufficient study and analyses had been conducted to
provide a high level of confidence in the impact predictions relating to the deep
groundwater systems. The Panel found that:

1. The density of testing to assess the permeability of subsurface strata (a key
property which underpins a groundwater model and the subsequent impact
predictions), was entirely inadequate for a project of the scale and magnitude
envisaged. Only one borehole was subjected to permeability testing in a
Project Area comprising some 220 km? and no data were presented in the EA
to support such testing. Rather, permeabilities that were subsequently adopted
in computer based simulations of the BSO Base Case longwall panel layout,
were apparently informed by SCA studies at Dendrobium Mine 12 km to the
south, Kangaloon some 30 km distant, Metropolitan Mine a few kilometres to
the east (one borehole), and Mangrove Mountain more than 100 km to the
north-east;

2. The expected height of connected (drainable) fracturing within the subsidence
zone was poorly defined. The height of this zone is noted to be in the order of
130 m at Metropolitan Colliery where a panel width of the order of about
140 m was employed. The actual height of connected cracking adopted for the
Base Case layout is not reported but has apparently been inferred from
groundwater model simulations and calibrations. The increased ICHPL Base
Case panel width of 310 m (compared to 140 m at Metropolitan Colliery)
together with a stated height of fracturing of 385 m suggested to the Panel that
the drainable fractured zone might logically be greater than the 130 m;

3. Computer simulations of the deep groundwater systems reported in
Appendix B of the EA, illustrate a subsidence zone which does not exhibit any
strata desaturation above extracted panels. This scenario conflicts with
reported groundwater modelling studies at the nearby Metropolitan Colliery'%
where a zone of desaturation was predicted to extend upwards from the Bulli
Seam into the Stanwell Park Claystone. The Panel therefore concluded that the
negligible desaturation of strata above mined panels (as represented in the
BSO groundwater model) was implausible. In contrast, model results showed
complete desaturation of strata to a depth of at least 40 m below the Bulli
seam floor, reflecting a seemingly unrealistic situation — pore pressures would
normally be zero at the seam floor with increasing pressures below the floor.
The Panel also considered this scenario to be implausible;

1% Re-modelling of Metropolitan Colliery Impacts, 2009.
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4. The groundwater model extents (perimeter boundary) appeared to be
insufficient to accommodate the calculated depressurisation regime,
potentially influencing the depressurisation of strata in internal parts of the
model in an ambiguous way;

5. Model calibrations were based on steady state conditions which essentially
replicated a situation which was unchanging in time. Mining operations and
the induced strata depressurisations are changing continually and the Panel
therefore considered this type of calibration to be unacceptable in view of the
long history of mining in the region;

6. The groundwater model failed to properly account for cumulative impacts of
surrounding mining operations including operations at Metropolitan, Bulli and
Tahmoor Collieries. Inappropriate model storage (porosity) parameters were
found to have been adopted in the model resulting in substantial or complete
recovery from groundwater impacts related to these operations within a
completely unrealistic period of less than 5 years. Recovery of impacts from
BSO operations was also noted to be more rapid than experience would
suggest;

7. Modelling results inadequately quantified impacts on baseflows for many of
the drainage systems and swamps.

Given the numerous issues and identified problems with respect to groundwater
assessments, and the identified abnormalities in the groundwater model, the Panel
indicated to ICHPL that the reported studies were considered to be inadequate for
assessment purposes. The characteristics and impacts of strata depressurisation,
impacts of that depressurisation on shallower groundwater systems and on surface
drainages and swamps could not be sensibly assessed from the information provided.

5.4.1. Additional Groundwater Studies Conducted by the Proponent

In response to questions posed by the Panel, the proponent undertook a number of
additional studies including:

e a review of reported and measured heights of fracturing in the subsidence
Zone;

e core sampling and testing to expand the knowledge base with respect to strata
hydraulic properties (permeability and porosity);

e modifications to the groundwater model.

The additional studies have not been consolidated into a summary report. The Panel
has therefore had to formulate its views in relation to deep groundwater systems by
relying in part upon the reported studies in the EA and in part upon the answers to
questions asked of the proponent.

5.4.2. Height of Fracturing in the Subsidence Zone

ICHPL provided an expanded review of the height and nature of fracturing within the
subsidence zone. A critical analysis (by the Panel) of that review has been addressed
in Chapter 4. While the proponent’s review is less than convincing, it is
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acknowledged by the Panel that given the weight of empirical data, the height of
fracturing may well extend to 385 m above the Bulli Seam for the Base Case panel
layout, but the height of connected and relatively free draining fracturing is likely to
be lower than 385 m since the frequency and magnitude of vertically transmissive
fractures which provide the connectivity, tend to diminish with increasing height.

There is a distinct lack of deep pore pressure monitoring within strata overlying
ICHPL subsided areas which might cast some light on the groundwater flow systems
and the height of free drainage within the subsidence zone. The nearest observations
which provide a continuous vertical profile record above a previously mined longwall
panel are reported to be those associated with borehole LW10 at Metropolitan
Colliery but at that site, monitoring only extended down to the Bulgo Sandstone. In
response to Panel questions, ICHPL note that monitoring results for LW10 indicate
the ‘highly connected fractured zone extends to the vicinity of the Stanwell Park
Claystone (approximately 130m above the mined seam)’'%°. At this location the depth
of cover is 460 m and the extracted panel width was 140 m. Groundwater flow is
inferred to be downwards within the Bulgo Sandstone but since there are measurable
pore pressures in the sandstone, it is inferred that the Stanwell Park Claystone acts as
an aquitard.

Injection trials into the Bulgo Sandstone together with limited monitoring data from
an extensometer installation above LW32 at West Cliff'*° also suggests the Stanwell
Park Claystone may act as an aquitard that would impede desaturation of overlying
strata. However, another ICHPL vertical array piezometer identified as S1997 located
near to the old Darkes Forest Mine, exhibits an increasing loss of pore pressure from
the shallowest piezometer in the Hawkesbury Sandstone to the deepest piezometer in
the Bulli Seam. Pressure loss at the base of the Bulgo Sandstone and below the
Stanwell Park Claystone appears to be of the order of 200m head of water indicating
the Stanwell Park Claystone may not be an impediment to downwards flow'!! in

subsided areas.

While there remains some doubt as to the hydraulic connectivity within the fractured
zone and hence the specific height of a freely draining zone for longwall panels up to
310 m wide, the Panel accepts that the available (but limited) monitoring history
suggests the desaturation interface (zero pore pressure) is most likely to remain below
the Bald Hill Claystone and possibly below the Bulgo Sandstone in the course of
time. However, the Panel also notes that there is an extremely sparse knowledge base
and limited understanding of the connectivity and drainability of groundwaters
contained within this zone. Increased longwall panel width is likely to increase the
height of the freely draining fracture zone and so lead to more widespread reductions
in strata pore pressures.

5.4.3. Increased Sampling of Strata Hydraulic Properties

In addressing Panel questions relating to hydraulic properties sampling, ICHPL
undertook additional core analyses at 10 locations, 8 being within the Project Area.
Of these 10 locations, only one fully cored borehole identified as S2037 and located

19 DECCW (2010c), p.16.
19 Shen et al (2010).
1 DECCW (2020c), p.75, Figure 51.
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in Area 9, seems to have provided information from the Hawkesbury Sandstone down
to the Coal Cliff Sandstone-Bulli Seam. The remaining locations are understood to
have been only partly cored and as such, only discrete stratigraphic sections below the
Bulgo Sandstone appear to have been sampled and tested.

Information relating to laboratory measured permeabilities and porosities has only
been supplied to the Panel in the form of summary statistics'*?. Specific core depths
and lithological descriptions have not been provided. It has therefore been difficult
for the Panel to correlate permeability values with specific rock types, and to assess
regional variance in hydraulic properties and its relevance to the groundwater
modelling effort. In addition, very limited geophysical wireline logging data has been
supplied in response to requests and as such, it has not been possible for the Panel to
gain an appreciation of the distribution of geophysical properties that might correlate
to strata hydraulic properties within particular formations like the Hawkesbury or
Bulgo sandstones, or to consider the continuity or otherwise, of such properties in a
regional context.

Notwithstanding the data limitations and the manner in which the data has been
provided, the results of the core testing program tend to support a regime of generally
low permeabilities with occasional high permeability strata. The Panel believes the
range of values point to the likelihood of low rates of groundwater flow in
undisturbed deeper strata which are likely to impede strata depressurisation that might
otherwise impact upon surface water resources in a measurable way.

5.4.4. Modifications to the Groundwater Model and Revised Qutcomes

ICHPL has generated a revised groundwater model. The model extents and number
of layers have been increased, hydraulic properties distributions amended, and
transient calibrations conducted in response to Panel concerns.

The proponent has utilised the revised groundwater model in responding to questions
but has not indicated that the revised model supersedes the model reported in the EA.
Indeed in responding to some questions posed by the Panel, there is a continuing
reference to the model reported in the EA while in responding to other questions, the
revised model takes precedence. In the absence of any clear direction from ICHPL,
the Panel has assumed the revised groundwater model supersedes the model provided
in the EA.

In developing the revised model the proponent has utilised hydraulic properties data
derived from limited core testing. This has resulted in a general reduction in the
adopted values for strata permeabilities with the revised model being based on a
vertical permeability distribution (governing the rate of downwards flow) that is
typically between 5 and 75 times lower than the model presented in the EA. The
revised model also includes a gradational trend in fracture (subsidence) zone
permeability from the highest enhancement value at the coal seam, to the lowest
enhancement in the Bulgo Sandstone. This ‘ramp’ is considered by the Panel to more
appropriately reflect the fracture connectivity regime than the distribution employed
in previous modelling, and is more likely to promote the upwards migration of a zero
pore pressure interface within the subsidence zone. While these changes represent

12 DECCW (2010C), p.35.
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significant departures from the original EA model, they appear to be more consistent
with measured properties and field observations.

Transient calibration of the revised groundwater model has apparently been
undertaken for a 40 year period of mining commencing in 1969. The calibration has
been demonstrated in the form of matching of observed and calculated vertical head
profiles at 10 piezometer locations over a limited period of observation from mid
2007 to the first quarter of 2009, together with matching of mine water seepage rates
at four sites.

Revised model outputs have been generated to illustrate the strata depressurisation
impacts likely to result from the Base Case layout. These impacts are indicated on
Figure 48c™, which clearly illustrates regional depressurisation of the Bulli Seam
extending from Metropolitan Colliery in the east, to Tahmoor Colliery in the west;
BSO and existing-historical mining operations at West Cliff, Appin, and Appin West
exhibit a merged and continuous head loss regime consistent with the expected
cumulative impacts.

The most common and widely accepted means of assessing predicted impacts of
mining on the hydrogeologic systems is through the calculation of drawdown from the
model outputs. That is, the impacted piezometric surface at any time during or after
mining, is subtracted from the pre-mining piezometric surface to derive the
difference. Unfortunately, ICHPL has provided impact drawdown plots calculated as
the difference in piezometric heads immediately prior to simulating the Base Case,
and heads generated by the Base Case mine plan. By adopting this procedure, the
reported impact plots do not show the substantive cumulative impacts resulting from
the long history of mining in the region prior to simulation of the Base Case. Hence
historical areas of mining and areas currently being mined, appear to exhibit no
impacts when represented as drawdowns''*. It is therefore not possible to assess in a
robust way, the likely magnitude and extent of cumulative impacts arising during the
period of mining. Instead the Panel has relied upon the ‘differential’ drawdown
impacts provided by the proponent in the interest of progressing the assessment.

Revised drawdown plots generated for the end of mining differ significantly from
plots provided in the EA. An example can be found in the lower Hawkesbury
Sandstone where numerous existing boreholes were identified by the proponent as
being at risk. Figure 20 provides output from the EA™ which clearly shows
significant drawdown attributed to mining in Area 8 and Area 9 with a maximum 26
m indicated in the north-eastern part of Area 8. The remainder of the Project Area
exhibits drawdowns (relative to the commencement of the Base Case mining) of the
order of 1 to 4m. The consequences of significant drawdown relate almost entirely to
bore water supplies insofar as there may be significant loss of yield at boreholes
situated within this province.

In contrast, Figure 21 provides output for the revised model which shows much
reduced drawdowns ranging from 3 to 8 m in Area 8 and Area 9 or about one third the
impacts represented in the EA. However, a significant drawdown of up to 26 m is

3 DECCW (2010c), p.71.
4 DECCW (2010c), pp.54-59, Figures 31 to 36.
S EA Appendix B, Figure 57,
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indicated adjacent to and north of Area 3, and extending southwards into Area 3. This
feature is reportedly associated with the Bulgo Sandstone injection trial (decay of the
elevated pore pressure regime following cessation of injection) and should not affect
other stakeholders. ICHPL seem to have inadvertently omitted the injection trials
from the original modelling. The much reduced drawdowns in Appin Area 8 and
Area 9 suggest yield related impacts on the 40 identified boreholes™® accessing
groundwater from the lower Hawkesbury Sandstone would be significantly reduced
but not removed when compared to the original EA predictions. Boreholes located in
shallower strata are unlikely to be yield affected according to the revised model.
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Mine inflows generated by the revised model are broadly similar to inflows
previously reported. Accordingly the mine water balances are expected to remain
close to the range previously reported.

Impacts on baseflows to surface drainages and swamps have been re-assessed by
ICHPL in response to Panel questions'®. These impacts potentially arise from
depressurisation within the deep groundwater system resulting in loss of piezometric
head in the water table which translates to a reduction in the baseflow contribution to
surficial systems and swamps. In respect of major streams and rivers, ICHPL predict
a reduction in baseflows but the reported outcomes from the revised modelling are
lower than those provided in the EA. Reported baseflow changes in Table 9% are not
easily equated to the characteristics of a particular drainage system. One measure
compares the losses to catchment area which loosely correlates to runoff.
Calculations based on catchment area indicate that all baseflow losses are likely to be

small and inconsequential. The Panel concurs with these findings.

Recovery of pore pressures throughout the strata has been addressed in the revised
model. Reported outcomes differ significantly from those reported in the EA as a
result of changed model porosities in the coal seam and overlying layers. These
changed porosities are mostly associated with the open voids created by roadways and
headings, and the fragmentation of collapsed roof materials in goaf. Revised results
indicate a period of 200 to possibly more than 400 years for full recovery of pore
pressures in stark contrast to predictions made in the EA. The Panel concurs with
these findings.

With respect to the above noted findings, and findings summarised in Chapter 5 the
Panel recommends the following studies be undertaken prior to the preparation and
submission of any longwall panel Extraction Plan. The purpose of these studies is to
improve the accuracy of prediction of impacts in order to ensure they remain within
any Performance Criteria established as part of an Approval. The Panel recommends
studies in relation to the following issues pertaining to deep groundwater systems:

e While the number of bore locations at which permeability tests have been
conducted, has been increased from 1 to 11, the Panel considers this to be an
under-sampling for the proposed extent of mining. Further core sampling and
hydraulic properties testing should be undertaken to validate assumptions with
respect to regional continuity of those properties, particularly in the North
Cliff area where no hydraulic properties testing has been conducted;

e The Panel considers that any predicted vertical drainage induced by mining,
should be confined to strata below the Bald Hill Claystone or to drainage rates
that will have no impact on surface water resources or dependent ecosystems.
In order to establish the mining parameters that will achieve this, the Panel
recommends the establishment of a network of pore pressure monitoring bores
and vertical arrays of pore pressure transducers, to assess/quantify the height
of connected and freely drainable fracturing as recommended in
Chapter 5.2.1.2. Installations should be targeted above extracted panels with
similar dimensions to the proposed Base Case layout;

19 gpecifically Question 28.
120 Table 9, in Response to Panel Questions Part 2.
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e The predicted (revised) drawdowns in the Hawkesbury Sandstone may still
affect the yield of bore water supplies and certain locations may also be
affected in the long term after cessation of mining. A borehole census should
be conducted on all potentially yield (or structurally) affected boreholes, and a
long term monitoring program initiated. The census should catalogue bore
location, construction parameters, pumping equipment and usage together with
any other parameters considered necessary in the event of water supply
replacement. Monitoring should include depth to standing water, basic water
quality parameters (pH and EC), ionic speciation and any other parameters
necessary to characterise the location to the satisfaction of the Director-
General of the Department of Planning. Monitoring data should be regularly
reviewed and trends in water levels and water qualities assessed using
appropriate methodologies to establish the likelihood of sustained long term
impacts on yield. The Panel notes that ICHPL have provided a commitment to
repair, replace or compensate any landholder suffering partial or complete loss
of productive yield. Such commitment must include provision for post mining
conditions.*?!

e Inview of the numerous abnormalities identified in (EA) modelling outcomes,
and the marked changes in outcomes reported for the revised groundwater
model, the Panel also recommends a comprehensive independent audit of the
revised groundwater model be undertaken.

55.  SHALLOW GROUNDWATER SYSTEMS

Shallow groundwater systems impacts are addressed in various parts of the EA
including Appendices A, B and C. They include potential impacts associated with
surface flow diversions along stream channels, and potential impacts associated with
swamp systems. ICHPL acknowledge the likelihood of these impacts and have
designed the Base Case longwall layout to mitigate impacts on rivers. However
numerous 3™ and higher order streams and many swamps and lower order streams
that provide baseflow from swamps, are proposed to be undermined.

The Panel has considered the associated groundwater systems and impact
consequences with respect to swamps and streams (diverted flows). Detailed findings
are provided in Chapter 6 (Swamps) and Chapter 7 (Surface Water and Aquatic
Ecology).

5.5.1. Diverted Waters in Upland Swamps

Upland headwater swamps constitute a large part of the North Cliff Area and Appin
Area 2. These swamps which dominate the Woronora Plateau and large areas of the
SCA Special Areas and Dharawal State Conservation Area, act as significant regional
water stores providing baseflow to the drainage systems of the plateau.

The porous matrix of swamp soils is comprised of unconsolidated sands derived from
weathering of the Hawkesbury Sandstone, and peaty matter. These materials are
limited in thickness from less than 0.5 m to typically no more than about 2 m above

121 pore pressure losses are predicted to continue for many years after cessation of mining before
recovery commences. This may affect certain borehole supplies accessing groundwater in deeper parts
of the Hawkesbury Sandstone or below the Bald Hill Claystone.
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the sandstone base. They serve to retard catchment runoff by infiltration of rainwater
during rain events (until runoff is initiated) and exfiltration of stored groundwater
after those events. This groundwater contributes to downstream baseflow. During
dry or drought spells, exfiltration is likely to occur progressively down slope with the
most elevated and peripheral parts of a swamp draining first. This process will be
governed to a large extent, by the topographic grade, saturated thickness and
hydraulic properties of the soils, and the prevailing floral habitat. In sustained dry
spells, baseflow may fall to very low levels, especially where swamp size (aggregated
within a catchment) is low and the material thickness is small.

The SCI noted that upland headwater swamps are generally perched systems based on
information supplied to it. ICHPL also state in Appendix B and Appendix C and
elsewhere that the swamps in the Project Area are perched and are ‘independent of the
regional water table in the underlying Hawkesbury Sandstone’. The Panel has not
been provided with any data that establishes such independence for swamps. Indeed
the Panel finds it disturbing to note that no groundwater monitoring has been
instigated on any swamp within the Project Area. Rather, perching and independence
seem to be inferred from piezometric monitoring data in the Kangaloon area some
30 km beyond the Project Area to the south.

Potentially, the headwater swamp systems while contributing to baseflow in surface
drainage systems, could also contribute significantly to the deeper regional
groundwater systems when it is considered that:

1. the swamps are saturated water stores that are essentially permanent, and

2. they provide a sustained driving head for downwards migration of water into
the underlying sandstones which are semi-perveous, and

3. downwards seepage may be very significant where swamp lands occupy large
areas, especially within North CIliff Area and eastern parts of Area 2. This
contribution would logically support regional groundwater flows within the
Hawkesbury Sandstone.

It is possible that a number of upland headwater swamps are also directly connected
to the underlying hardrock groundwater system (rather than being perched) since they
occupy very large areas of the Woronora Plateau.

The valley fill swamp systems within the BSO Study Area probably exhibit slightly
greater sediment thicknesses than headwater swamps simply because they occupy
more incised parts of the stream systems. They are also more likely to be connected
to the groundwater systems.

The Panel regards the hydrology of swamps to be especially vulnerable in view of
their thin plate-like structure extending typically over areas of 1 ha or more. Indeed
the Panel observed a number of areas where the sediment thickness appeared to be
less than 0.5 m. Any subsidence induced changes of this magnitude would clearly
have the potential to impact upon the hydrology of swamps as would any diversion or
loss of water via subsidence induced cracking in the sub-strata. Diversion of flows
may in turn have implication for downstream water quality in a similar manner to that
observed for surface streams. These issues are dealt with in Chapter 6.
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5.5.2. Diverted Flows in Surface Streams

The SCI and Metropolitan PAC assessments provide a comprehensive overview of
the impacts of subsidence on streams:

Draining of rock pools as a result of rock bar cracking, leading to partial or
complete loss of aquatic habitat. The rate of draining of a pool is governed by
the extent and connectivity of cracking in a rock bar and underlying strata
which in turn is governed by many parameters, some of which were outlined
in Chapter 4.

Diversion and loss of surface flows over significant sections of streams via an
extended subsurface network of connected cracks. This process can be
naturally occurring or be stimulated by subsidence. Both have been observed
by the Panel however diversions resulting from subsidence are more common
and generally coincidental with numerous fresh and commonly unweathered
crack faces. Appendix B of the EA reports that such systems show a variable
response to deep mining which depends ‘on the randomness of surficial cracks
or bedding plane separations’. Mining induced diversions with complete loss
of flow over stream lengths of more than 100 m can be observed in Lizard
Creek and over shorter distances in Waratah Rivulet and numerous other
channels. Permanent losses may also be generated but the extent to which this
is occurring is the subject of considerable debate. SCA have highlighted the
probability of such losses in Waratah Rivulet through analysis of stream flow
records. NOW has also pointed to the possibility of these same losses. An
alternative view was advanced by Peabody Resources'?? in the course of the
Metropolitan PAC based on catchment runoff modelling. That view held that
no permanent losses could be identified. In the Panel’s view the issue remains
unresolved.

Iron staining resulting from water-rock geochemical interactions. The
process is based upon the dissolution of iron bearing minerals like marcasite,
hematite and siderite, by stream waters migrating along new sub surface
fracture pathways and emerging (as springs) at some point downstream.
Where the redirected waters emerge as surface flows, the iron precipitates in
the form of oxy-hydroxides leaving the characteristic iron staining. SCA notes
that manganese dissolution and precipitation accompanies iron dissolution,
and that remobilisation of both iron and manganese may be contributing to an
increasing presence in the sediments of Woronora Reservoir. *%

Bacterially mediated opaqueness of pooled (stagnated) waters. During
periods of low or intermittent stream flow, the presence of iron oxidising
bacteria often results in the growth of bacterial mats on submerged litter and
plants. This matting also leads to reduced oxygen levels and discolouration of
pooled water. The recurrence of continuous flows can remove the matting and
clarify stream waters.

These issues are dealt with in more detail in Chapter 7.

122 The Proponent for the Metropolitan Coal Project.
123 SCA (2010), p.17, response to Question No. 6.
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6.0 SWAMP IMPACTS AND CONSEQUENCES

6.1. INTRODUCTION

The Woronora Plateau contains the largest concentration of upland swamps on the
Australian mainland, with 226 of these identified in the BSO Project Area. The vast
majority of these 226 are found in the North Cliff and Area 2 mining domains, Figure
22. 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.
The Panel has therefore had discussions with the Proponent's experts, government
agency experts (SCA, DECCW) and an independent expert. The Panel also sent
formal requests for additional information to the Proponent and to government
agencies.

6.2. 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” swamps.***

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
recedes, groundwater seepage dominates through gravity drainage towards the lowest
drainage point in each particular swamp. It is this drainage which, importantly,
contributes to downstream baseflow within the host drainage system. There are six
different vegetation associations found in headwater swamps.

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 two of the six vegetation associations
found in headwater swamps are generally found in valley infill swamps.

2DoP (2008), p.16.

125 Whilst this is the ‘conventional wisdom’ reported in the SCI and there is evidence for this perched
water table from a very limited number of investigations, the Panel is not aware of any substantial
studies that confirm this situation for a large number of swamps. It may well turn out to be the case
that some of these swamps have very little or no independence from shallow groundwater systems.
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Figure 22: Distribution of Swamps in North Cliff and Area 2 Mining Domains?

126 Reproduced from Appendix O of the EA.
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As with any sub-classification along an ecological continuum, some characteristics
overlap between upland swamp categories and some of the larger swamps may be
clearly headwater in one part, transitioning to valley infill in another.

The swamps in the BSO Study Area vary substantially in size and complexity, (Figure
22). The EA for the Metropolitan Coal Project Proposal utilised the distinction
between headwater and valley infill swamps extensively to demonstrate that swamps
in the Metropolitan Study Area were not valley infill and were, therefore, less likely
to suffer negative environmental consequences. Thus, it was of some interest to the
Panel to note that the EA for the BSO Project Proposal did not seek to make the
distinction between headwater and valley infill swamps in the BSO Study Area and
that ICHPL reinforced this in its response to submissions.?” The answer may lie in
the very large number of swamps (115) ‘which are located near the bases of valleys
within the Study Area’*?®. This is over 50% of the 226 swamps in the BSO Study
Area.

All upland swamps are considered by the Panel to be fragile groundwater systems in
so far as their sediment thickness is typically between 0.5 and 2 m while their areas
are commonly more than 1 ha (10 000 m?). They are, in effect, very thin plate-like
aquifers.

6.3. POTENTIAL IMPACTS ON UPLAND SWAMPS
6.3.1. Subsidence Effects

The assessment of the exposure of swamps to subsidence impacts is reliant on the
adequacy of the prediction of these effects and the manner in which this information
has been analysed to predict impacts. The EA for the BSO Project contains
deficiencies in both these aspects and this has created considerable confusion amongst
a range of stakeholders. The Panel sought clarification from ICHPL on a range of
these issues and undertook a considerable amount of analysis in order to try and better
understand them. The following are some of these issues as they relate to assessing
subsidence impacts on swamps:

1. The calculation of strain. As already noted, Appendix A (Subsidence
Assessment) of the EA does not report predictions of strain, a fundamental
parameter when assessing subsidence impacts. Instead, it presents predictions
of maximum curvature. The Panel requested ICHPL to express all curvatures
in the EA as strains, which was done by multiplying maximum curvatures by a
calibration factor of 15, based on Figure 11.

Whilst Table D.2 of Appendix A presents predicted maximum subsidence
effects at each swamp without any mention of strain, Attachment OB of
Appendix O does present strain predictions. However, these are referred to as
estimated average strain predictions. The use of the term average strain has
introduced an additional source of confusion. Confusion around both these

2T |CHPL (2010c), p.16.
128 EA Appendix A, p.93.

82



issues is evident, for example, in DECCW’s second submission to the PAC, in
which it states that:

‘the method [used in the BSO EA] does not appear to use an
incremental profile method where predicted peak strains should be
provided rather than average strain across an area, as used in this EA’

and

‘The subsidence prediction method used in the EA is different to that
used for the Metropolitan Coal Project............. the Department
requests a clear explanation of why the change has occurred ™

In its response to DECCW’s submission, ICHPL has pointed out that
conventional (systematic) strain can be calculated by multiplying curvature by
a factor of 15. ICHPL’s response does not address the discrepancy regarding
average strain and maximum strain. The Panel can confirm that the maximum
conventional strains predicted for the Metropolitan Coal Project were based on
this same methodology of multiplying curvature by a factor of 15. However,
the use of the term average strain in the BSO Project is erroneous and should
more correctly be referred to as predicted maximum strain.

DECCW has also expressed concern that most of the data points on which
predictions have been based relate to mine layouts in which panel widths were
considerably smaller and interpanel widths considerably larger than in the
BSO Project.™®® This is probably correct but because the strain prediction
methodology is based on an upper bound approach, it is likely that the
maximum predicted values of strain are based on the more extreme mining
dimensions employed in the Southern Coalfield to date. Nevertheless:

e The Panel does not accept without qualification, ICHPL’s response to
DECCW that:

“...this linear relationship [between curvature and strain] provides a
reasonable estimate of strain, and is particularly conservative at higher
levels of hogging and sagging curvature

As reference to Figure 11 shows, the relationship does not provide an
upper bound prediction of tensile strain.

e The Panel is concerned that end-users are aware that although strain
predictions in the EA have been based on an upper bound approach, they
are only relevant to the Base Case layout. Longwall panel width is open-
ended in the future. An increase in longwall panel width to 500 m, for
example, could result in up to a 40% increase in strain, Table 3.

129 DECCW (2009b), p.3.
%9 DECCW (2009b), p.3.
BLICHPL (2010c), p.5.
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1. The EA provides no points of reference as to the significance of either
predicted conventional curvatures or predicted conventional strains. This is
despite the EA relying on tensile strain as a criterion for assessing risk
associated with undermining swamps. The Panel reverted, therefore, to points
of reference for strain provided in the EA for the Metropolitan Coal Project,
namely:

‘Fracturing of sandstone has generally been observed in the Southern
Coalfield where the systematic tensile and compressive strains have
exceeded 0.5 mm/m and 2 mm/m, respectively **?.

The Panel has assumed that a similar approach was adopted by ICHPL in
respect of tensile strain in the Upland Swamp Risk Assessment (Appendix O),
where an average tensile strain (once again, erroneously named) of 0.5 mm/m
has been applied without explanation as a criteria for assessing risk to swamps
presented by subsidence.

2. The EA provides no points of reference as to the significance of non-
conventional strain. The Panel notes that the Swamp Matrices presented in
Attachment OB of Appendix O report both Maximum Predicted Closure (mm)
and Maximum Observed Closure Strain (mm/m)™.  The inclusion of
maximum closure strain as a subsidence effect parameter is considered to be a
significant and valuable advancement in subsidence prediction and is
discussed in more detail in Section 6.4.1. However, because it has not been
correlated to some measure of impact, the Panel has only been able to make
limited use of this information when assessing impacts and consequences.

The Panel notes that the higher levels of Maximum Observed Closure Strains
fall into one of three categories, being 9.5 mm/m, 13.5 mm/m, and 20 mm/m
of strain and that these categories are distinguished by being highlighted in
green in Attachment OB. The EA does not provide an explanation for the
colour coding or a discussion of the significance of these closure strain
predictions. The Panel can only hazard an educated guess that the green
highlighted values have been distinguished as such because they exceed the
maximum predicted non-conventional strain of 8.9 mm/m for swamps in the
Metropolitan Coal Project™*.

6.3.2. Subsidence Impacts

In the absence of mine-related surface works or other direct disturbance, the primary
source of any impact on swamps in the BSO Project Area will be subsidence. In
addition to the preceding discussion on subsidence, it has been dealt with at length in
the report of the SCI, in the Metropolitan PAC Report, in the EA for the BSO Project,
and in Chapter 4 of this report.

132 EA for Metropolitan Coal Project, Appendix A, p.88.

133 The concept that closure strain has already been ‘observed’ at swamps that are yet to be undermined
is another concept that has confused some stakeholders, accounted for in part by an incorrect reference
in Attachment OB as to where the concept is explained in the EA. It is based on closure strains
measured in the past across valleys of an equivalent valley height to those associated with each
respective swamp. The correct reference to the source material is Section 4.6.4 of Appendix A.

134 EA for Metropolitan Coal Project, Appendix A, p.97.
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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.

Three broad mechanisms by which subsidence could cause changes in swamp
hydrology were identified in the Metropolitan PAC Report. The first two of these are
caused by conventional subsidence and the third is caused by non-conventional
subsidence (valley closure and upsidence). Additional mechanisms that must be
added to the conventional subsidence group are:

e Fracturing of the bedrock beneath a swamp as a result of systematic
compressive strain. This can result in a fissured failure plane within the
bedrock and buckling of near surface strata, which although under
compression, may promote increased permeability of fractures. Once the
subsidence wave has passed through a compressive zone and the strata relaxes,
the permeability of fissured failure planes can be expected to increase further.
It is highly probable that such planes will frovide a pre-existing surface for
any subsequent tensile strain to concentrate™.

e Reduction in the elevation of the water table in a subsided area of a swamp,
relative to an unsubsided area leading to a localised redistribution of
groundwater. One potential consequence of this is a favouring of some
existing and/or new vegetation associations both within the subsided swamp
and around the un-subsided flanks of a swamp.

These mechanisms can be summarised in terms of impact pathways as follows:

1. The bedrock below the swamp cracks as a consequence of tensile or compressive
strains and water drains into the fracture zone. Here the fracture zone provides
enhanced storage and the water loss impact may be temporary**® until the storage
is filled.

2. The bedrock below the swamp cracks as a consequence of tensile or compressive
strains induced by conventional and non conventional subsidence processes and
water drains into the fracture zone. If the fracture zone is 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. This pathway is considered to be similar to re-directed flows encountered
beneath stream channels in the region.

3. Some parts of the swamp subside more than others (e.g. a longwall only impacts
part of a large swamp or a series of longwalls have different impacts on parts of a
swamp), causing the elevation of the water table to drop in the subsided area
relative to surrounding areas, so leading to localised redistribution of groundwater.
This could result in the favouring of some existing and/or new vegetation

135 This mechanism did not feature in the Metropolitan Coal Project because the maximum predicted
systematic strain for this Study Area was less than 2 mm/m.
1% Depending upon prevailing climatic conditions — eg. the effects of drought may be exacerbated
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associations over others, both within the subsided section of the swamp and
around the flanks of the subsidence area.

4. 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 vegetation associations over others.

Consequences of these impacts depend upon a wide variety of factors such as how
much water is lost, over what period, whether ‘self-healing’ occurs and to what
degree, 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.

6.3.3. Information Available on Undermining of Upland Swamps

The impacts and consequences for upland swamps associated with longwall mining
have been examined in the reports of the SCI and the Metropolitan PAC. In both
cases, the reports noted the lack of robust scientific information that would support a
conclusion about the relationship between longwall mining, risk of impact and
possible consequences.

Those in favour of the low or no risk view base their case on the fact that many
swamps have been undermined in the Southern Coalfield without apparent impact.
Where impacts have occurred they have argued that there were other factors present
(pre-existing scouring, erosion, drought etc) and mining could not be judged to be the
cause. There are a number of problems with this view.

The first problem is that there is no long term robust scientific information showing
before and after mining outcomes for swamps and, as yet, there is no accepted
approach to obtaining it. The approach adopted in the EA was to walk the length of a
select number of undermined swamps and record ‘significant’ negative environmental
consequences, including buckling/cracking, erosion or scour, vegetation dieback, or
dessication of vegetation or peat materials on a broad scale. The EA notes that:

‘It is recognised that there are limitations associated with the assessment ...

No carefully designed quantitative monitoring program has been implemented.
As such, the assessment of environmental consequences is based on anecdotal
observations ...

Evidence of cracking and minor erosion was observed during the site inspections,
however no evidence of significant'® environmental consequences was
observed. *®

The second problem is that most of the swamps that have been undermined previously
were undermined by either bord and pillar techniques or much narrower longwall

B ignificant’ is not defined, although it appears many times in the quoted criteria. There is no

information concerning the rigour of the assessment.
38 EA, Appendix O, pp.22-23.
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panels than those proposed in the Base Case layout. This calls into question the
relevance of many of the observations.

The SCI approach to this issue was to note that:

and

‘there is as yet no scientific consensus over the role that mining subsidence
may play in impacting swamps ... What is clear to the Panel is that the
interaction between subsidence effects and impacts such as vertical
displacement, strata fracturing, buckling and uplift (possibly leading to water
loss) do have potential consequences for swamps.’

‘no unaffected or ‘healthy’ valley infill swamps were observed where longwall
extraction had taken place beneath them. In most cases, where swamps
appeared largely unaffected by mining beneath, it was where mining had been
restricted to either narrow panels, or some form of partial extraction only (ie
bord and pillar operations) which restricted surface subsidence **

The Metropolitan PAC Report noted the following on the issues generally:

‘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. ™

The Metropolitan PAC Report then went on to conclude that, with the vast majority of
swamps appearing to be headwater swamps, and the substantial depth of cover and

39 DoP (2008), p.73.
140
DoP (2009a), p.84.
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narrow longwall panel width for that Project, the risks to upland swamps from
conventional subsidence were probably low.**! However, it took a different view of
the risks to some specific swamps from non-conventional subsidence and was highly
critical of the information provided in the EA on this issue.**

In the 18 months or so since the Metropolitan Coal Project information was collated,
the focus of some government agencies and NGOs has been on gathering information
on some swamps that have been recently undermined by longwalls. The information
points to significant impacts on the hydrology of the swamps in question and the
potential for serious environmental consequences. The swamps brought to the Panel’s
attention are Dendrobium Swamp 1, East Wolgan Creek Swamp-Newnes Plateau,
Kangaroo Creek-Newnes Plateau, Junction Swamp-Springvale Colliery, Swamp 18-
Elouera Colliery, and Swamp 32. In addition to these, the Panel observed that
multiple swamps either side of an undermined (and severely impacted) reach of
Lizard Creek appeared to be dry and undergoing compositional change from invasion
by wattles and eucalypts. Swamps associated with the unaffected reaches of Lizard
Creek did not show these same characteristics.

This Panel and previous Panels*® have sought examples of dessicated swamps that
have not been undermined but none have been forthcoming to date. The limited
monitoring data that is available is not adequate to preclude mining induced
subsidence as the root cause of changes in the hydrology of at least some, if not all, of
the swamps noted above. At this point in time, neither conventional nor
unconventional subsidence effects, singly or in unison, can be eliminated as the
source of changes in swamp hydrology.

There are compounding problems in the current lack of ability to detect and quantify
all but the most obvious change and the possibility that vegetation compositional
changes will take time (possibly decades). However, the bottom line appears to be if
mine subsidence has the potential to impact on near surface formations to an extent
that could cause changes in the hydrology of a swamp, then the swamp is at risk of
serious negative environmental consequences in whole or in part.

6.4. RISK ASSESSMENT

For the BSO Project, the Panel has used the same approach for assessment of risk to
upland swamps from subsidence as was used in the Metropolitan PAC Report.*** The
steps are:

Step 1. The mine parameters and likely types of subsidence impacts relevant to
swamps are described.

Step 2. All swamps in the Project Area are identified, have their vegetation

1 But not beyond doubt, hence the recommendation by the Metropolitan PAC Panel for substantial
further research on swamps undermined by the early longwalls - DoP (2009a), p.87.

142 DoP (2009a), p.86.

143 The SCI Panel and the Metropolitan Coal Project Panel

Y4 ICHPL notes in the EA (Vol. 1, Section 5, p.15) that it has followed the risk assessment approach
set out in Section 9.4.1 of the Metropolitan PAC Report which is the approach summarised here.
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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, should also be recorded. To the extent
possible, the overall significance of the swamps in the regional context
will be assessed.

Step 3. Any swamps or associations of swamps that are of special significance
(particularly in the regional context) are identified. The approach to
this is set out in Section 6.4.3.1.

Step 4. The risks of impact and consequences are then 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 consequences™* if they are undermined.

Step 5. The question of acceptability of negative environmental consequences for
swamps must be addressed at this point.

The standard adopted in the Metropolitan PAC Report is that 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.

6.4.1. Step 1 — Description of the Mine Parameters and Subsidence Impacts for
Swamps in the BSO Study Area

For conventional subsidence, the mine parameters of significance for swamps are the
depth of cover, longwall panel width, mining height and chain pillar width. Minimum
depth of cover for swamps in the BSO Study Area ranges from 301m to 518 m. Of
the 226 identified swamps, 60 have a minimum depth of cover between 301 and

14> Negative environmental consequences are the outcome of real interest, but they 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 a swamp.
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399 m, 147 between 400 and 499 m and 19 between 500 and 518 m. The Base Case
longwall panel width in North Cliff and Area 2 is typically 310 m.

Some sections of the EA and some parts of ICHPL’s responses to submissions and
PAC questions appear to extrapolate conclusions from the Metropolitan PAC Report
in regards to environmental consequences from subsidence impacts, without the level
of analysis required to support such extrapolation. Whilst mention of this issue will
be made in subsequent parts of this report, the explanation as to why the Panel
considers this to be unsafe is set out below.

Table 6 to Table 10 set out some of the differences. Key points of note are:

Only one swamp (0.8%) was predicted to experience more than 6 mm/m
maximum tilt in the Metropolitan Study Area, whilst 28 (12%) are predicted to
experience more than 6 mm/m maximum tilt in the BSO Study Area, Table 7

No swamps (0%) were predicted to experience more than 2 mm/m maximum
compressive systematic strain (MSEC threshold to cause rock to fracture) in
the Metropolitan Study Area, whilst 30 (13%) of swamps are predicted to
experience more than 2 mm/m maximum compressive systematic strain in the
BSO Study Area, Table 8.

Sixty-five swamps (53%) were predicted to experience more than 0.5 mm/m
maximum systematic tensile strain (MSEC threshold to cause rock to fracture)
in the Metropolitan Study Area, whilst 89 (39%) are predicted to experience
more than 0.5 mm/m maximum systematic tensile strain in the BSO Study
Area, Table 9.

Only six (5%) of Metropolitan swamps were predicted to be subjected to a
maximum systematic tensile strain of greater than 1 mm/m, whilst 39 (17%) of
BSO swamps are predicted to experience a strain greater than this, Table 9.

No swamps in the Metropolitan Study Area were predicted to experience
systematic tensile strains greater than 1.5 mm/m, whilst 8 swamps in the BSO
Study Area are predicted to experience strains greater than this, Table 9.

In the BSO Study Area, 21 swamps are predicted to experience a greater
closure strain, g, than the maximum predicted for swamps in the Metropolitan
Coal Project, Table 10.

None of these comparisons make provision for the greater subsidence effects

predicted by MSEC if longwall panel width were to increase from the Base
Case layout in time to come.
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Table 6:

Comparison between Mining Dimensions in Areas Containing Swamps in

in the Metropolitan Project Area and in the BSO Study Area

Typical® Range for

Typical Range for North

Parameter Metropolitan Coal | Cliff and Area 2 in BSO
Project Project
Depth of mining, H 420 — 540 m 340 -500 m
Seam th_|c[<ness,_t (assumed to 25_33m 18-30m
equal mining height, h)
Interpanel pillar width, w 35m 35-45m
Longwall panel width, W 163 m 310 m
Number of swamps 122 233146
W/H range 0.3-0.39 0.62-0.91
EA (MSEC) predlgte_d helght of 183 m 385 m
fracturing above mining horizon
Thickness of unfractured strata 937 357 m 45— 115 mP

overlying top of fractured strata

a. There is an extreme range in some mining parameters. However, extremes tend to be localised and
it is feasible to assign typical values which represent the range over the majority of the mining

domains.

b. The height of fracturing above the mining horizon as predicted in the EA is greater than the depth
of mining in some parts of the BSO Study Area.

Table 7:

Comparison between Predictions of Maximum Conventional Tilt in

Swamps in the Metropolitan Project Area and in the BSO Study Area

Tilt “é'g;:%ﬁ%lj';i? BSO Project
0-<2mm/m 60 115
2-<4mm/m 39 50
4 -<6 mm/m 22 40
6 -<8 mm/m 1 17
8- <10 mm/m 0 8
10-<12 mm/m 0 3
Metropolitan maximum tilt 7.9 mm/m -
No of predicted exceedances for BSO Project - 12

146 The number of swamps identified in the BSO Study Area is slightly different in different parts of the
EA, in some submissions, and in this Report, depending on the extent to which small ‘satellite’ swamps
immediately adjacent to larger swamps are either aggregated or treated separately. In the Panel’s view,

the apparent discrepancy is not material.
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Table 8:

Comparison between Predictions of Maximum Conventional Compressive

Strain in Swamps in the Metropolitan Project Area and in the BSO Study

Area

Maximum Conventional Compressive Strain

Metropolitan
Coal Project

BSO Project

0-<2mm/m 122 200

2-<4mm/m 0 23

4 -<6 mm/m 0 7

Metropolitan maximum compressive strain 1.7 mm/m -
No. of predicted exceedances for BSO Project - 46

Table 9:

Comparison between Predictions of Maximum Conventional Tensile

Strain in Swamps in the Metropolitan Project Area and in the BSO Study

Area

Maximum Conventional Tensile Strain

Metropolitan
Coal Project

BSO Project

0-<0.5mm/m 57 141
0.5 - <1 mm/m 59 50
1.0 -<1.5 mm/m 6 31
1.5 -<2.0 mm/m 0 7
2.0-<2.5 mm/m 0 1
Metropolitan maximum tensile strain 1.44 mm/m -
No. of predicted exceedances for BSO Project - 17

Table 10: Comparison between Predictions of Non-conventional Closure Strain in

the Metropolitan Project Area and in the BSO Study Area

Closure Strain

Metropolitan
Coal Project

BSO Project

9 <gy<9.5mm/m 0 14
9.5<gy<13.5mm/m 0 6

13.5 <gg <20 mm/m 0 1
Metropolitan maximum closure strain 8.9 mm/m -
No. of predicted exceedances for BSO Project - 21
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It is important to note that the PAC Panel for the Metropolitan Coal Project
considered that the substantial depth of cover and the narrow longwall width were key
factors in allowing it to reach the conclusion that impacts from conventional
subsidence would be inconsequential®*’ given the substantial thickness of the
unfractured zone between the mine workings and the swamps.

Furthermore, as noted in Section 4.2.2, subsidence predictions for the North CIiff
mining domain have been based on an empirical model using the standard Southern
Coalfield subsidence profiles developed predominantly on the basis of outcomes at
Appin Colliery and Tower Colliery to the west. When this model was applied to
Metropolitan Colliery, immediately to the east of the North Cliff mining domain, it
significantly under-predicted subsidence outcomes and had to be recalibrated'*®.
Geological features were advanced as the explanation for the difference in behaviour,
which the Metropolitan PAC Report noted as plausible, but not verified.'*® The
Metropolitan PAC Report went on to conclude that, provided conditions were the
same in the rest of Metropolitan Study Area, use of the calibration factor was
reasonable (whilst also noting that, if it had been applied erroneously, it would
decrease risk of consequences by over-predicting effects rather than under-predicting
them).

The Panel is not aware of any investigations in relation to the reliability of using the
Southern Coalfield standard calibration in the North Cliff mining domain. It notes that
if the Metropolitan calibration were applicable, then the predictions for conventional
subsidence parameters in the North Cliff domain would be considerably higher than
those presented in the EA. Hence, the differences shown in Table 6 to Table 10 could
be expected to be greater than they already are.

The Panel’s considered view is that:

e The risks to swamps from conventional subsidence impacts is considerably
higher in the BSO Study Area than it was in the Metropolitan Study Area.

e Without the appropriate research and analysis, it is unsafe for conclusions
about subsidence-related environmental consequences in the Metropolitan
Study Area to be extrapolated to the BSO Study Area.

The risk of impact from non-conventional subsidence is based in the EA on the
measurements of valley closure. The EA uses >200 mm predicted closure as the
threshold for concern and 33 swamps above the threshold are identified in Figures 04,
05 and 06 of Appendix O. The majority are larger swamps.

The Panel considers that the use of >200 mm predicted closure is an unsatisfactory
interim measure as already discussed in Chapter 4 of this report. Although the
approach was applied in the Metropolitan Coal Project, the Metropolitan PAC Report
gave clear warning that further research may see this approach revised.**

Y7 DoP (2009a), p.87.

148 EA for Metropolitan Coal Project, Appendix A, Section 3.5.2, p.31.
9 DoP (2009a), pp.28-31.

*DoP (2009a), p.34.
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DECCW disputes the use of the >200 mm threshold of predicted closure, preferring to
rely on the prediction of compressive strain and of predicted upsidence due to valley
closure. DECCW has nominated a threshold closure strain of 2 mm/m predicted
incremental compressive strain which it attributes to the MSEC report that constituted
Appendix A of the EA for the Metropolitan Coal Project. It has nominated an
upsidence threshold of 30 mm which it attributes to an independent review undertaken

in 2005 of subsidence impacts on the Waratah Rivulet™?,

The Panel concurs with the principle of using closure strain as a risk criterion.
Closure is a measure of the absolute amount of horizontal displacement across a
valley. The impact of this movement is determined by how it is distributed between
the two sides of a valley, that is, by the strain? arising from this movement. Strain is
not uniformly distributed, but changes across the closure profile. This is illustrated by
measurements made at Waratah Rivulet™3** Georges River, and a number of other
sites which show that peak strain occurs as a spike towards the centre of a valley. The
measured strains illustrate that closure strains rather than closure displacements are
more relevant to assessing closure impacts.

DECCW’s threshold value of 2 mm/m incremental compressive strain is correctly
quoted from the EA for the Metropolitan Coal Project; however, technically it should
read 2 mm/m total compressive strain®®. As already noted, it is based on MSEC’s
advice that fracturing of sandstone has generally been observed in the Southern
Coalfield once systematic compressive strain has exceeded 2 mm/m. This concurs
with the Panel’s experience. However, based on the Panel’s own inquiries, field
inspections and experience, total diversion of surface flow into a subsidence-induced
subsurface fracture system requires higher total compressive strains that are very
dependent on geological factors such as strata composition, thickness and bedding
laminations. Limited measurements suggest a threshold total compressive strain**®
value for total diversion of flow in sandstone environments of the order of 7 mm/m,
however the database is too small to be reliable at this point in time. Conventional
compressive strain can make a significant contribution to this total compressive strain.

Due to the variable manner in which upsidence can develop and is measured, the
Panel shares the concerns of the SCI in using predicted upsidence as a predictive
parameter or risk criterion. As already discussed, upsidence measurements are very
susceptible to the manner in which the skin of the surface rock fails and to the
location of survey stations relative to the resulting movement. DECCW states that
impacts have been noted when upsidence has exceeded 30 mm.*" It needs to be
appreciated that this was an estimated value.’® Nevertheless, on at least one

1 Galvin (2005).

152 Strain being the ratio of change in length to original length.

% Galvin, 2005.

> Mills, 2008.

155 Appendix A of the EA is inconsistent in describing this value.

1% Total compressive strain is comprised of both conventional and non-conventional strain
components.

T DECCW (2009b), p.6.

158 Galvin (2005).
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occasion, impacts resulting in drying out of pools have been recorded at measured
upsidence of 60 mm.*®

Based on DECCW’s thresholds of 2 mm/m compressive strain, 0.5 mm/m systematic
tensile strain and 30 mm upsidence, a much larger number of swamps (78 in total) are
included in swamps at risk of impact from non-conventional subsidence.'®® This
number reduced to 55 when DECCW applied a 60 mm upsidence threshold. ICHPL
responded by stating that:

‘The assessment of potential impacts on upland swamps (Appendix O of the
EA) was undertaken in accordance with the recommendations of the
Metropolitan PAC Report (PAC, 2009), which identified three broad
mechanisms by which subsidence could cause changes in hydrology’***

The response is ambiguous. The Metropolitan PAC Panel did recommend a risk
assessment approach, being the one that the same Panel is now applying to this
assessment of swamps for the BSO Project. It did not recommend that any such
assessment was to be based on the three broad mechanisms which it identified when
assessing the Metropolitan Coal Project. The Panel notes, however, that if the same
information on which DECCW is relying®® is re-assessed on the basis of closure
strain, being a measure that is consistent with mechanism 3 identified by the
Metropolitan PAC, there are 55 swamps which are predicted to experience 7.5 mm/m
or more closure strain. To these strain values must be added conventional closure
strain, which exceeds 2 mm/m at 30 swamps. ICHPL is of the view that ‘it is
considered more relevant to base the assessment of potential non-conventional
subsidence movements on valley closure not closure strain’*®. This view is not
consistent with that of the Panel.

The Panel notes that some submissions, including one from DECCW, have
interpreted the Metropolitan PAC Report as signalling a focus on non-conventional
subsidence rather than conventional subsidence. It is important to make it clear that
both forms of subsidence can cause impacts and must be explored fully for any
proposal. The distance between the top of the fractured zone and the base of the
swamps in the Metropolitan Coal Project and the relatively low levels of conventional
compressive strain simply meant that conventional subsidence was of less concern to
the Panel than non-conventional subsidence in that case.

6.4.2. Step 2 — Features of Upland Swamps in the BSO Study Area

The swamps are identified and mapped in the EA. Limited fauna and flora survey
work has been undertaken and issues with this are discussed in Section 6.4.2.1. The
topographic and hydrologic characteristics are reported in the EA, but the EA notes
that there are limitations in the groundwater model and further work is required. This
is discussed in Section 6.4.2.2. Features of special significance are discussed in
Section 6.4.2.1 and Section 6.4.3.

19 Ibid.

10 DECCW (2009b), p.5.

181 ICHPL (2010c), p.12.

12 EA Appendix O, Attachment OB.
193 |CHPL (2010c), p.12.
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6.4.2.1. Flora and Fauna

The flora and fauna surveys are described in Appendix E (Terrestrial Flora
Assessment) and Appendix F (Terrestrial Fauna Assessment) of the EA.

In relation to swamps it appears that 27 swamps were subject to some level of flora
survey, with the methodology varying from detailed quadrats (eight sites), rapid spot
surveys (20 sites), and random meander targeting threatened species (11 sites).'** The
total flora survey sampling effort was stratified approximately in proportion to the
extant areas of each vegetation type.’® There appears to have been no attempt to
sample swamps at a greater level of intensity despite their known conservation
importance®® and complexity and their crucial role in catchment hydrology compared
to other vegetation associations in the BSO Project Area.

The sampling intensity (all methods) for flora was around 12 % of swamps, although
the majority of the sampling did not constitute a full-scale flora survey.

For fauna, Table 3 of Appendix F of the EA shows that 11 swamps were surveyed out
of a total 226 in the BSO Project Area. This is less than 5% percent of the total. At
seven of the sites systematic surveys were conducted and at four of the sites targeted
surveys were conducted for swamp specialist species and threatened species.
Examination of Table 3 of Appendix F reveals that three of the systematic surveys
and one of the targeted surveys were outside the proposed mining area, with one of
these (S14)™" outside of the BSO Project Area altogether.

As with the flora survey there has been no attempt to stratify the sampling to increase
the focus on the upland swamps, which are arguably the highest value conservation
habitats in the Project Area. Instead, the sampling has been heavily biased towards
the proposed Stage 1V Coal Washery Emplacement.

In response to DECCW concerns about the overall survey effort in relation to swamps
the Proponent simply re-states the sampling effort undertaken, as set out in the EA,
and notes that some:

‘additional swamp inspections have been conducted following lodgement of
the EA. The observations recorded during these site inspections will be
provided separately to the Bulli Seam Operations PAC Panel » 168
The Panel makes two observations on this:
0] the additional inspections are based on the same activity as that
reported in the EA and are therefore of little scientific value. 1CHPL
itself acknowledges these methodological shortcomings; and

(i) the failure to provide information in the EA means that the government

164 EA, Appendix E, p.33, Table 10.

185 EA, Appendix E, p.32.

186 DoP (2008), pp.17-18; DoP (2009a), p.77.

1°7.514 is over 1500m from the Project Area boundary.
1% |ICHPL (2010c), p.17.
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agencies and the public are prevented from assessing the project
proposal properly and are unable to give the Panel comprehensive
advice.

ICHPL also makes other points on survey intensity in upland swamps in response to
DECCW concerns.*® They are:

o that ‘the draft DECCW Upland Swamp Assessment Guidelines are not yet
publically [sic] available’;

o that ‘the EA for the Project provides substantially more information on
swamps within the Project Area than the information available for the
Metropolitan PAC’; and

o that ‘the EA was deemed adequate by DoP [Department of Planning] on
13 October 2009".

The Panel notes the following in relation to these quotes:

(i)

(i)

(iii)

it is the Proponent’s responsibility to undertake the work in preparing
the EA to meet the Director General’s requirements.’® In this context
the Panel does not accept that the description of the existing
environment in this EA is adequate, nor that an adequate risk
assessment is possible based on the survey work undertaken;

the Panel acknowledges that there is more information on subsidence
effects and impacts for swamps than was initially available to the
Metropolitan PAC Panel. However, the survey effort in upland
swamps in the BSO Project Area falls so far short of the requirement
for assessment of risk that any comparisons are meaningless; and

the EA was not deemed by the Department of Planning to be
‘adequate’. It was deemed to be adequate for exhibition which is a
fundamentally different thing. The adequacy review is an important
threshold step in the environmental assessment process, but it is not
designed to identify or correct every defect in the Proponent’s proposal
— particularly for something as large and complex as the BSO Project
Proposal.

The Department of Planning cannot be expected to have assessed the
EA to the same standard as will occur in the public assessment and
submission process (and the possible PAC review process) prior to
those processes occurring. If that were the case the legislation could
dispense with both the public process and the PAC and simply allow
the Department and the Minister to make both the assessment and the
decision.

9 |CHPL (2010c), p.16.
0 EA, Volume 1, Attachment 1.
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In relation to threatened species, the EA states that the swamps in the Project Area
provide potential habitat for a range of threatened species.'* The EA also
acknowledges the limitations of the survey work and suggests that additional work
will be conducted as part of the Swamp Risk Management Plans.*"

The manifestly inadequate survey work means that concentrations of threatened
species are unlikely to be found and, even if some individuals are found, the extent of
any population will remain unclear. In this context it is interesting to note that the
threatened Eastern Ground Parrot (Pezoporus wallicus) was detected twice during the
survey (two individuals at one site and one at another). This species was thought to
be regionally extinct until recently.*”® However, two records in the Metropolitan
Study Area and these two records from the extremely limited sampling effort in the
BSO Project Area swamps indicate a strong likelihood that a nationally significant
population may still exist in the region. Until an adequate survey of the swamps in
the BSO Project Area is undertaken, no one really knows.

However, the Project Approval sought by ICHPL would allow it to undermine any
swamp in the Study Area (i.e. not confined to the Base Case mine layout or the
longwall panel width in the EA) subject only to possible mitigation, monitoring and
offset measures identified in Upland Swamp Risk Management Plans developed as
part of future Extraction Plans.}™ These future plans are not defined in the legislation
and do not require public scrutiny.

The Panel concludes that:

e The survey intensity for flora and fauna in the upland swamps is manifestly
inadequate to provide the basis for the second step of the risk assessment
process (i.e. all swamps in the Project Area are identified, have their
vegetation mapped and fauna surveyed ...). Furthermore,

e The low survey intensity to date ensures that the existence of concentrations of
threatened species associated with upland swamps in the BSO Project Area
will remain conjecture, thus avoiding any proper assessment of ‘special
significance’ for swamps at the Project Approval stage. This effectively
removes threatened species and upland swamps generally from scrutiny by the
public or the PAC as part of the Part 3A process.

6.4.2.2. Groundwater Hydrology of Swamps

Hydrology issues in relation to swamps have been discussed in Chapter 5 and in
Section 6.3.2. The key issues for this part of the risk assessment are:

e There is substantial criticism by stakeholders, including SCA, NOW,
DECCW, NGOs and independent experts, of the level of information available
about potential subsidence-related impacts on swamps.

L EA, Appendix O, p.15.

2 EA, Appendix O, p.32.

3 DECC (2007).

" EA Vol 1, Section 5, pp.21-24. But see the rejection of mitigation strategies for upland swamps
(EA, Appendix O, pp.35-36) and the inadequate offset proposals (EA Appendix O, p.41). This is
discussed in more detail in Section 6.4.5.2 below.
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e There has been no piezometric monitoring of any swamp in the BSO Study
Area. Whilst ICHPL acknowledge this deficiency and recognise the need to
acquire this information as part of a swamp monitoring program, the simple
fact is that information at this level is required to inform the approval decision,
not some subsequent process.

e The conventional wisdom that the upland swamps are perched systems and not
in contact with the underlying groundwater systems rests on very little hard
evidence. Swamps in the Kangaloon area are reported in the EA as perched
but these swamps are situated some 30 km to the south and are relatively small
in areal extent. There is a real possibility that the larger swamps of the
Woronora Plateau and the high density of swamps have, over the course of
time, sustained an elevated water table that is very close to or connected with
the base of swamps. Subsidence induced disturbance beneath swamps may
have wider implication for regional groundwater flows.

e There is considerable uncertainty as to the possible hydrological consequences
for swamps in the BSO Study Area from the fracture height of 385 m based on
a 310 m longwall panel width as reported in the EA. ICHPL has sought to
distance itself from the possibility of connective cracking from the top of the
fractured zone to the mine workings (e.g. see the report by Prof.
Hebblewhite!™), but the Panel is of the view that a real possibility still exists
of loss of water from the surface to areas of storage in the upper portion of the
fractured zone'’® through pathways created by conventional and non-
conventional subsidence impacts.

6.4.3. Step 3 - Significance of Upland Swamps in the BSO Study Area

6.4.3.1. Determining Significance of Upland Swamps Generally

The issues associated with determining significance were canvassed in the SCI report
and more recently in the PAC Report on the Metropolitan Coal Project. The latter
report sought to provide a comprehensive approach to the issue based on the SCI
findings and to apply that approach to the facts of that mining proposal.

Recommendations based on the approach were accepted in-principle in the Approval
for the Metropolitan Project issued by the then Minister for Planning, and the
approach has subsequently been recognised in the EA for the BSO Project and in
Government Agency submissions on the EA. The Metropolitan Project report was
also considered judicially in Rivers SOS v Minister for Planning [2009]
NSWLEC 213 without adverse comment.

The Panel is therefore of the view that the approach adopted in the Metropolitan
Project Review is now the accepted standard for assessing significance of swamps in
the Southern Coalfield. The key elements of that approach are reproduced below.*"”’

‘The significance of upland swamps in the context of longwall mining has at

> |ICHPL (2010e), Attachment 1.
178 Being either voids created by the subsidence effects or by creating access to existing voids.
" DoP (2009a), pp.76-77.
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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);

if) 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 five 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 summarised 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.

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

i) on a case by case basis argue whether individual swamps [or
associations of swamps]'’® in a Project Area should be afforded
‘special significance’ status based on specific conservation reasons
supported by evidence of substantial size, unusual complexity,

178 Some submissions on the BSO project proposal have interpreted the second limb of the approach to
‘special significance’ as applying only to individual swamps and not to clusters of swamps. This was
not the intent of the Panel as evidenced by the Metropolitan PAC Report at p.78 which refers to ‘any
individual swamp or group of swamps ... as being of special significance’ and ‘if a swamp or group of
swamps has been identified as being of special significance and thus requiring special consideration in
arisk assessment framework’ and at p.80 where it refers to ‘ Any swamp or associations of swamps that
are of special significance ...". The Panel notes that ICHPL has taken this broader interpretation (EA
Vol 1, pp.5-19). However, for the sake of clarity, the words in brackets should become part of the
description of the significance assessment process.
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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.’

6.4.3.2. Determining Significance of Upland Swamps in the BSO Study 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 SCI*®° and the Metropolitan PAC
Report.

Substantial material was available to the Panel on the issue of the significance of the
BSO Study Area swamps. This included the SCI Report, the EA, the submission and
presentation by DECCW, the supplementary submission and presentation by
DECCW, the supplementary submission by the Proponent in response, submission
and supplementary submission by Dr Ann Young, submissions from key NGOSs
(including National Parks Association, Total Environment Centre and Colong
Foundation) other written and oral submissions connected with the public hearings,
and oral examinations of various experts.

In its response to DECCW’s submission concerning the inadequacy of the
significance assessment in the EA,'® the Proponent appears to be extracting
conclusions about significance from the Metropolitan PAC Report that were based on
the evidence available in that case and applying these conclusions to a different fact
situation without rigorous analysis.*®® As indicated previously, the BSO Review
Panel, which is composed of the same Commissioners as the Panel for the
Metropolitan Project Review, is of the view that the fact situations in the two project
proposals are different. Application of the same principles for assessment of ‘special
significance’ may therefore lead to a very different outcome.

In the Metropolitan PAC Report the Panel noted that when giving evidence to the SCI
in 2007, DECC (as it then was) had not included the swamps in the Metropolitan
Project Area in its list of four groups of swamps of special conservation significance.
The Panel considered this to be an important factor in determining that the swamps in
the Metropolitan Study Area did not meet the threshold for ‘special significance’
status, even though the Panel recognised the high conservation value of these
swamps.'®

The situation in the BSO Study Area is quite different. Over half of the swamps in
the BSO Study Area form part of the Maddens Plains cluster of swamps,*® which was

179 Note that this includes scientific importance, archaeological or cultural importance and unigqueness
(DoP 20094, p.42).

180 DoP (2008), pp.17-18.

181 DECCW (2009b).

182 |CHPL (2010c).

183 DoP (2009a), pp.76-78.

184132 out of 226 (approx 60%).
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one of the four groups of swamps identified by DECC to the SCI as being of special
conservation significance.

ICHPL has contended that the swamps in the BSO Study Area are typical of swamps
across the Woronora Plateau and therefore do not warrant the status of special
significance. Any change to this conclusion based on a finding that swamps in the
North Cliff and Area 2 mining domains are of ‘special significance’ status could mean
changes are required to the proposed approach to mining these areas.

The Panel’s view is that, if substantial weight was attached to DECC’s evidence to the
SCI by the Metropolitan PAC Panel; and the Metropolitan Study Area swamps were
excluded from the status of ‘special significance’ because they were not included in
the four groups of swamps identified by DECC as being of the highest conservation
significance; then when a group of swamps is being considered that was included in
one of the four groups (i.e. those in the BSO Study Area), the same weight should be
attached to the same evidence.

If the Panel does not apply this approach for the same evidence across the whole of
the Woronora Plateau, all aggregations of swamps within mining leases would be at
risk from damage to some or all of their component swamps based only on the
convenience of the mining company in determining the mining layout.

The issues to be considered for ‘special significance’ status are set out below.

Size

ICHPL’s position is that ‘the size of the swamps is considered typical of swamps
encountered across the Woronora Plateau in the Southern Coalfield’*®. ICHPL also
notes that the swamps are not ‘exceptional in the region from a size perspective’ and
therefore no swamps in the BSO Study Area should be considered as being of special
significance.

There are several problems with this simplistic approach:

() The assessment of special significance for swamps is ‘based on specific
conservation reasons supported by evidence of substantial size, unusual
complexity, contiguous habitat, presence of an EEC or threatened species
etc”*® It is not based on an assessment of size alone and the Metropolitan
PAC Report makes it clear that the assessment of special significance may
involve a combination of values.*®

(i) ICHPL has substituted ‘exceptional’ for the PAC risk assessment
expression ‘substantial’.’®  The two words have quite different
connotations. It is certainly not a requirement that only ‘exceptional’ size
should be considered. Rather, the importance of a swamp or group of

185 EA, Appendix O, pp.18-19.

186 DoP (2008), p.42; EA, Appendix O, p.18.
%7 DoP (2008), p.42.

88 EA Appendix O, p.19.
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(iii)

(iv)

(v)

swamps needs to be assessed and there are sound conservation reasons for
including substantial size as a factor in that assessment.

DECCW has provided'® a number of reasons why size is an important
consideration in determining special significance including:

(a) differential contribution to water balance in a catchment (larger
swamps are more likely to transmit a proportionally higher volume of
high-quality water into the streams that feed water storages);

(b) larger swamps are likely to contain a wider range of soil profiles and
hydrological characteristics than small swamps and therefore contain a
greater variety of habitats and plant communities. They are more
likely to be inhabited by, or provide refuges for, threatened species;
and

(c) large swamps are less exposed to edge effects than small swamps,
meaning that they are less vulnerable to some key external threatening
processes such as invasion by weeds and microclimate effects.

In response to a question from the Panel, DECCW mapped the size of all
swamps on the Woronora Plateau (996 swamps) to obtain the size for
inclusion in the upper 10" percentile. This was found to be 9.3 ha or
greater. Of the 226 Woronora Plateau swamps in the BSO Study Area, 27
swamps are greater than 9.3 ha in size and a further three smaller ‘sub-
swamps’*® are considered to be part of these larger swamps (i.e. a total of
30 swamps identified in the EA should be included in the top 10 percent

based on size).

Use of the Woronora Plateau swamps as a whole to calculate the relevant
area for inclusion in the upper 10" percentile is consistent with ICHPL’s
approach to comparing the BSO Study Area swamps with the rest of the
swamps on the Plateau. While the choice of the upper 10 percent cut-off
point is necessarily arbitrary, it is considered by the Panel to be reasonable
to single out the top 10 percent of a population for a characteristic that
clearly has important implications for conservation value.**

DECCW also points out that, within the swamps on the Woronora Plateau
(and within the BSO Study Area) there are a number of types of swamps
and that average size may vary between types. Size as a criterion for
assessment of ‘special significance’ should therefore be considered in both
relative and absolute terms.

ICHPL’s response'® to the issues raised about size in the DECCW submission only
deals with the water balance issue (and then tangentially). It does not challenge any

189 DECCW (2009b), pp.8-9.

19 j.e. Swamp Nos CRE-S7b, WOR-S5¢ and ILC-S4e.

91 90% would be considered a substantial proportion of any population. Selecting the upper 10
percentile means that 90% of the swamps are smaller than those selected.

92 ICHPL (2010c), pp.17-20.
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of the other points on the importance of size from that submission, appearing to rely
on the assertion in the EA quoted above.

The Panel notes that even a cursory examination of Figure 22 and of maps in
Appendix A indicates that there are some large swamps located in the headwaters
of key catchment streams including Woronora River, O’Hares Creck, Iluka Creek,
Stokes Creek, Cataract River Tributary 1 and Cataract River Tributary 2.

From the limited survey work undertaken to date in swamps in the BSO Study Area
(see Section 6.4.2.1), it is not possible at this point in time to assess relative size
against swamp type.

Complexity

ICHPL states that based on the swamps in the BSO Project Area being characteristic
of those across the Woronora Plateau, none of the swamps are considered to be of
special significance status.'®

DECCW has responded with a series of points concerning the assessment of
complexity.'®® These include the diversity of vegetation types within the swamp
(some larger swamps may contain all vegetation types) and the density and variety of
plants and species. DECCW notes that the greater the complexity, the greater the
likelihood that the swamp can provide habitat for threatened species.

In its response to the DECCW Submission, ICHPL has not commented on the points

raised by DECCW concerning complexity™®.

In response to a request from the Panel, DECCW provided further information on
swamp complexity as follows:

‘The most limited community in terms of occurrence and extent is Tea-tree
Thicket, map unit 43 on the Woronora Plateau in ‘The Native Vegetation of
the Woronora, O Hares and Metropolitan Catchments’ (NPWS 2003). This is
due to the fact that this community requires permanently wet habitat, while the
other swamp associated communities occur along a decreasing moisture
gradient outwards towards the edge of a swamp. As a result the presence of
Tea-tree Thicket can be used as a reliable surrogate for those diverse swamps
that contain patches of all swamp vegetation communities that occur in the
region.

The scale at which these swamp communities occur can be very fine, with
different communities occurring as very small patches, or thin fringing bands
in any given swamp. Vegetation mapping derived from aerial photography
will not pick up all of these fine scale changes in vegetation and subsequently
swamps mapped as containing Tea-Tree Thicket may not show all of the
remaining swamp vegetation communities. However, long term monitoring of

193 See EA, Appendix A, Drawings MSEC 404-203 and MSEC 404-204 for greater detail.
19 EA, Appendix O, p.0-18.

% DECCW (2010a), pp.5-6.

% |CHPL (2010c).
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plots throughout the study area has shown that the relationship between
presence of Tea-Tree Thicket and the other swamp vegetation communities is
consistently robust to be used as an indicator of complexity (D. Keith pers.
comm.)

13 swamps within the study area are mapped as containing Tea-tree
Thicket.”*’

Contiguous Habitat

ICHPL'® states that none of the swamps should be considered to be of special
significance based on connectivity of swamp habitat since the swamps in the BSO
Study Area are typical of swamps on the Woronora Plateau.

This issue has already been partially dealt with in this section. In the Panel’s view,
the inclusion of a substantial proportion of BSO Study Area swamps in the Maddens
Plains Cluster (which was one of only four clusters of Woronora Plateau swamps
considered to be of highest conservation value in evidence to the SCI in 2007) is
sufficient on its own to defeat the ICHPL argument. However, DECCW makes two
further points in its submission® that should be noted. They are:

e The Woronora Plateau contains the highest concentration of upland swamps in
mainland Australia; and

e The clusters of these swamps provide large areas of contiguous habitat that are
critical to the maintenance of swamp specialist species.

Presence of EECs or Threatened Species

Endangered Ecological Communities (EECs) — ICHPL states in the EA that none of
the swamp vegetation communities represent EECs currently listed under the NSW
Threatened Species Conservation Act 1995 (TSC Act) or the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

DECCW has submitted®® that a number of the Woronora Plateau swamps may meet
the definition of Temperate Highland Peat Swamps on Sandstone (THPSS), which is
an EEC under the EPBC Act.

ICHPL rejected this suggestion with an extensive response.™ This response is
attached in full as Annexure 2. However, it can be summarised for the Panel’s
purposes as:

e Swamps in the Study Area do not represent THPSS.

" DECCW (2010a), pp.6.

9% EA, Appendix O, pp.19 and 20
199 DECCW (2009b), p.10.

2% DECCW (2009b), pp.10-11.
2L ICHPL (2010c), pp.20-21.
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The key features from the definitions in the Approved Conservation Advice
(DEWHA 2008) are:

- analtitudinal range of 600-1,100m above sea level;

- distribution on NSW and Southern Tablelands including the Blue
Mountains, Lithgow, Southern Highlands and Bombala regions; and

- presence of sphagnum bogs.
All Woronora Plateau swamps are below 450m in altitude.

No Woronora swamps are included in the description, nor are they within the
described geographical boundaries of the EEC.

Only the wetter swamps on Woronora Plateau develop peat.

Whilst there are substantial overlaps in vegetation between the Woronora
Plateau swamps and the highland swamps in the Blue Mountains, there are
some differences.

If Woronora Plateau swamps are to be included in the THPSS the EEC will
need to be re-defined and re-named.

The Panel provided the full text of the ICHPL response on this issue to DECCW for
comment. DECCW’s comments®® are set out in full in Annexure 3, but can be
summarised as:

The structure of the vegetation, soil type, peat content, geomorphic,
hydrological and climatic characteristics of the Woronora swamps are
consistent with the listing;

A high proportion of the species listed as characteristic of THPSS occur on the
Woronora Plateau;

A number of Woronora swamps are specifically listed as part of the
Endangered Ecological Community;

The listing specifically includes one of the two vegetation types found in the
Woronora swamps (FRW p130) as part of the THPSS;

The other extensive vegetation type within the Woronora swamps is FRW
p.129. The differences in floristic composition between FRW p.129 and FRW
p.130 are subtle relative to the variation to the variation in floristics across the
swamps specifically included in the THPSS listing;

There are specific examples of swamps in the listing itself that are at altitudes
as low as 300m and others are between 300m and 600m. The lower bound of
600m can therefore only be indicative and it is the swamp characteristics
rather than an arbitrary elevation range that should determine inclusion in the
THPSS;

Similarly, the listing describes THPSS as occurring on sandstone, but the
listing itself contains major examples that are on shales, basalt and
metasediments — not sandstone;

22 DECCW (2010d).
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e The range of peat in soils within swamps of the Woronora are
indistinguishable from other examples of THPSS in the Blue Mountains. Soils
of swamps in both regions include areas with minimal or no peat content on
their seasonally dry margins, with peat content up to 60 per cent dry weight
(>60 per cent by volume) along the more poorly drained central axis. Thus,
one could point to areas of low peat content, but virtually all medium and
large-sized swamps on the Woronora have some areas of appreciable peat
content, as is the case with examples of the THPSS from other regions. It is
therefore difficult to see how swamps on the Woronora Plateau could be
excluded from THPSS based on their peat content.

Based on the DECCW response, the Panel is of the view that swamps in the BSO
Study Area are more likely than not to be classified ultimately as examples of THPSS
and therefore of National Significance.

Threatened Species

ICHPL states in the EA that none of the swamps are considered of special
significance status based on the presence of threatened species because all swamps in
the Project Area provide potential habitat for a range of threatened flora and fauna
species as discussed in Section 04.4.6 of Appendix O of the EA.?*

The ICHPL response to the DECCW submission on the EA describes some difference
between its position and DECCW?’s position on threatened species based on:

e [CHPL’s failure to record some species in surveys,

e Minor differences between threatened species lists provided by DECCW to the
Metropolitan PAC Review and the current review; and

e The finding of some DECCW listed species outside swamps during surveys.

The Panel has already commented on survey intensity. However, the crux of the
ICHPL argument appears to be that the Metropolitan PAC Report considered the
presence of ‘two swamps with records of the Eastern Ground Parrot and the swamps
containing Pultanaea aristata’ and concluded that there were no swamps that
warranted the status of special significance — ergo no swamps in the BSO Study Area
warrant this status either.?%*

The Panel has already indicated that it does not accept that the fact situations for
swamps are identical in the Metropolitan Study Area and the BSO Study Area and
therefore rejects the argument that conclusions (as opposed to methodology) can be
transposed from the Metropolitan Study Area to the BSO Study Area. One simple
example of the difference between the two Study Areas will suffice. Comparison of
the density of the swamps in the Metropolitan Study Area (where swamps are
distributed across the whole area) with the density of swamps in those parts of the
BSO Study Area where swamps are prevalent (i.e. the eastern and southern parts of

2% ICHPL (2010c), p.20.
24 ICHPL (2010c), pp.24-25.
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North Cliff and Area 2) shows 6.5 ha of swamps per km? for Metropolitan and 14.7 ha
per km? for BSO.®°

Another flaw in the ICHPL argument is that, if all swamps in the BSO Study Area
provide potential habitat for a range of threatened flora and fauna species®®® (a
position confirmed by DECCW?”), then the high concentration of swamps in Area 2
and the eastern and southern parts of North Cliff would suggest that these particular
swamps are a critical conservation resource for threatened species and should be
considered to be of special significance. This is entirely consistent with the status
given to 60% of the swamps in this area by DECCW in its evidence to the SCI in
2007.

The significance of the BSO Study Area swamps as habitat for threatened species
must be assessed on the basis of rigorously collected data on the BSO Study Area
swamps. The work by ICHPL reported in the EA is manifestly inadequate for this
purpose.

Scientific Importance

This factor was listed as a consideration for special significance assessment in the
Metropolitan PAC Report.’® The Panel requested information from DECCW on this
issue. The response is included in full at Annexure 5 and can be summarised as:

The southern portion of North Cliff overlaps the Dharawal upland swamp
study area. This study area was established in 1983 and is internationally
recognised as a critical reference area for wetland research. Approximately
half the 60 monitoring sites, one of the two intensive swamp gradsects and
three of ten subcatchments in the climate study occur within the southern
portion of the North Cliff domain. The established infrastructure and long-
term data sets are invaluable resources for ongoing work on upland swamps.
This infrastructure and the scientific knowledge base are irreplaceable.

The most important aspect of this long-term study — the study of the climate
gradient that extends from west to east — is dependent on maintaining the
hydrological integrity of the swamps throughout the study area. If the
hydrological integrity of some of the swamps is compromised by mining, then
the experimental design becomes confounded and it is impossible to interpret
the results as being the results of climate change. If mining were to impact the
swamps in this study area it would compromise the scientific value of 25 years
of research.

The Panel notes that there is a high likelihood that the hydrologic balance of
undermined swamps will be altered to some degree.

205 Figures supplied by DECCW in response to a request from the Panel. A map showing the areas
compared is included as Annexure 4.

206 A Appendix O, Section 4.4.6.

27 DECCW (2010a), pp.7-9.

2% DoP (2009a), p.42.
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Aboriginal and Cultural Significance

There is no information available to the Panel on the significance to Aboriginal
people of swamps in the BSO Study Area. Whilst it is likely that swamps provided an
important food source for Aboriginal people (the concentration of flora and fauna is
significantly greater in swamps than in the drier areas), no evidence concerning use
has been provided to the Panel.

Value as Refuge and Foraging Habitat for Fauna

The Panel noted during field inspections that many species of fauna that would not be
described as exclusive swamp dwellers were present in the swamps and around their
margins. Often there was a substantial diversity of species present and substantial
numbers of individuals. The difference in observed abundance between swamp
habitats and the surrounding vegetation associations was stark.

The Panel therefore sought expert opinion from DECCW as to the importance of
swamps in the region as refuge and foraging habitat for species that would not be
regarded as swamp specialists. DECCW responded that:

‘Upland swamps support an exceptionally high diversity of flora, with up to 70
plant species being found in a 15 m? area of upland swamp in the Southern
Coalfields, compared to around 25 plant species per 25 m? in surrounding
eucalypt forests (Keith and Myerscough 1993). Similarly, the habitats
provided by upland swamps are used by a large number of vertebrate and
invertebrate species for breeding, shelter and foraging. The dense ground
cover and permanent water and soil moisture in swamps provides many
species with shelter, refuge and breeding habitat, including many insects,
amphibians, reptiles, mammals, birds and fish. Upland swamps are important
foraging habitat due to the high diversity of aquatic and flying invertebrates
they contain. Many amphibians, reptiles, birds, bats and ground living
mammals forage in and above upland swamps, with their high diversity and
variety of blossoming shrubs and trees, which provide important nectar and
pollen resources for insects and birds, such as honeyeaters. Many migratory
species also visit swamps for food and water.

South-eastern Australia is characterised by climatic extremes of drought and
flood, and frequent, high intensity fire. Swamps act as refugia for many
species during dry periods when groundwater keeps swamps relatively moist
while the forested habitats around them dry out. The role of swamps as
refugia will be increasingly important under the impact of climate change.?®”

128 species of animals (excluding invertebrates) are known to utilise swamps on the
Woronora Plateau for foraging, shelter or breeding (Annexure 6). One of these is
listed as endangered and 16 others as vulnerable under the TSC Act.

%% DECCW (20104a), response to Question 4.
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Swamp Contribution to Catchment Hydrology

The issue of swamp contribution to catchment yield is covered in the EA, but from the
perspective of total yield only.?® Again the Panel observes that the hydrologic
analyses of swamps and their contribution to catchment yield is manifestly
inadequate.

Appendix C of the EA describes runoff modelling which explores the contribution of
swamps to stream runoff within O’Hares and Stokes Creek catchments located partly
within North Cliff area. The AWBM (Australian Water Balance Model) was used
for this purpose and takes into account catchment areas where swamps comprise
between 17% and 25% of the total areas. Appendix C states that the swamps are
‘relatively low yielding’ as a result of the modelling effort. The purpose of this point
and indeed the whole modelling effort, is unclear and the approach is somewhat
surprising given the other aspects of swamp contributions to catchment hydrology.
The two of greatest significance are the role in maintaining water quality and the role
in maintaining baseflow in downstream reaches in times of low rainfall.

Baseflow is a sustained (but diminishing) flow following rainfall event(s) which is
especially important in maintaining aquatic and riparian ecosystems and habitat
connectivity. The AWBM model fails to quantify baseflows that might reasonably be
attributed to swamps, instead providing an estimate of baseflows at downstream
gauging stations of 18 to 20% of total flows. Lack of data or supporting analyses
precludes sensible understanding of the hydrologic role of swamps by the Panel.

Further, there is no analysis of the contribution of swamps to aspects of stream health
in the Study Area and there is no analysis of the risks to any downstream
environments posed by potential impacts on swamps.

The Panel also notes the serious criticisms made by the Commission in the Bickham
Coal Project PAC Report concerning the Proponent’s failure to assess the importance
of baseflow to dry weather flows and the observation that in the Australian context,
the concepts of average flows (and by implication total flows) were meaningless.?**

6.4.3.3. Findings and Conclusions

The Panel’s findings and conclusions in relation to special significance are that:

(1 ICHPL’s position that there are no swamps in the BSO Study Area that
are of special significance is simply not tenable on the evidence
available;

(i) there has been insufficient work done to identify all swamps that might
warrant classification as being of special significance based on the
presence of EECs or Threatened Species;

0 EA Appendix O, pp.12-13.
211 Bjckham Coal Project PAC Report at p.13 and pp.23-24.
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(iii)  on the basis of size, swamps in the Study Area falling within the upper
10th percentile for swamps on the Woronora Plateau should be deemed
to be of special significance i.e.

Area 2: CRE-S6b, CRE-S7a, CRE-S8, CT1-S4, CT1-S5, CT1-
S6, CT2-S2, CT2-S6 (plus CRE-S7h)

North Cliff: DAC-S7b, DAC-S9, FOG-S1, HSC-S1, ILC-S3, ILC-
S4a, ILC-S5e, OHC-S17, OHT-S6a, STC-S12, STC-
S13, STC-S18, STC-S24, STC-S26, STC-S28a, STC-
S28b, UNT-S1, WOR-S4, WOR-S5a (plus WOR-S5¢
and ILC-S4e)

(iv)  on the basis of complexity, swamps containing the range of vegetation
types found in swamps on the Woronora Plateau should be afforded
special significance status. There are 13 such swamps within the BSO
Study Area, i.e. DAC-S7b, ILC-S3, ILC-S4a, ILC-S4e, OHC-S15,
OHC-S17, OHC-S4, STC-S13, STC-S17, STC-S19a, WOR-S4, WOR-
Sba, WOR-S5b.

(V) there is a very strong case that all swamps in the eastern and southern
parts of North Cliff and in Area 2 should be classified as being of
special significance based on:

e scientific importance,

e identification of a large proportion of these swamps as belonging
to one of four clusters of swamps of highest conservation value
in evidence to the SCI,

e continuity of habitat.
6.4.4. Step 4 — Risks of Impacts and Consequences

The purpose of this step is to identify swamps that are at real risk of negative
environmental consequences if they are undermined. This should be done by
calculating the predicted subsidence effects from all potential sources for the swamp
within a Risk Management Zone (RMZ) drawn around the outside of the swamp and
then assessing whether these effects are likely to cause impacts that could lead to
environmental consequences. The current understanding on the main mechanisms-
pathways by which this could occur was set out in Sections 6.3.1 and 6.3.2 and
detailed discussion of the risks they present to swamps is included in Sections 6.4.4.1
t06.4.4.5.

The EA presents the detailed data for RMZs and the predicted subsidence effects in
Appendix O and summarises these in Vol. 1 Section 5, pp.19-21. The predictions are
based on the Base Case layout in the EA, which ICHPL indicates may change. Of
particular concern in this context is the stated preference of ICHPL to increase the
width of the longwalls during the life of the project.?*? This would be expected to
increase hydrological impacts at or near the surface and thus potentially increase the

22EA Vol. 1, p.7-33 and p.7-34.
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risks to swamps in terms of numbers of swamps impacted and the magnitude of some
impacts.

6.4.4.1. Impacts Associated With Tensile Fracturing Of Bedrock

As already noted, MSEC provided advice in the Metropolitan Coal Project that
‘Fracturing of sandstone has generally been observed in the Southern Coalfield
where the systematic tensile and compressive strains have exceeded 0.5 mm/m and
2 mm/m, respectively 3. ICHPL and DECCW have both adopted a threshold
concern value for tensile strain of >0.5 mm/m, although only DECCW has provided a
basis for selecting this value, being that noted above. There are 89 swamps in the
Project Area that have been predicted to experience tensile strains >0.5 mm/m, with
seven predicted to experience between 1.5 to 2.0 mm/m of tensile strain and one in
excess of 2 mm/m.?*

ICHPL argues that tensile strain is not sufficient to cause changes in swamp
hydrology without the intervention of some other factor that would allow water to
escape from the perched water table. The only possible intervention factor advanced
in the EA is that the depth of mining is sufficiently small relative to the width of the
proposed Base Case longwall panels to result in the fractured zone above the mine
excavations extending up to a height of 385 m, thereby intersecting the fracture zone
that develops on the surface above the excavations®*, Figure 5.

DECCW on the other hand take the position that tensile strains above 0.5 mm/m are
of concern independent of depth of cover. For this to be the case, tensile strains
would have to be able to produce impacts in their own right or in association with
factors other than interaction with a fractured zone originating from the mining
horizon such as connection to an upsidence zone. The difference in the two positions
is significant — there is nearly a four-fold difference between swamps with tensile
strains >0.5 mm/m (89) and those with tensile strains >0.5 mm/m and depth of cover
<385 m (24).

The prediction in the EA that the fractured zone above a 310 m wide longwall panel
can extend to 385 m above the mine workings and, therefore, will intersect the surface
fracture zone in portions of North Cliff and Area 2 mining domain, is an outcome of a
model developed by MSEC. It is the interaction between these two fracture zones
that many stakeholders associate with the opportunity for water to drain from the
surface into a deeper fracture network.

MSEC’s model has created considerable confusion amongst many stakeholders
because it purports to calculate the height of the fractured zone depicted in Figure 5.
However, ICHPL responses to questions raised by the Panel indicate that the model is
being used to calculate the height to which fracturing may occur rather than the height
of the fractured zone?'®. As such, the fracturing that the model is now claimed to

213 EA for Metropolitan Coal Project, Appendix A, p.88.

24 EA Appendix O, Table O-B and Table 9 of this PAC Report.

25 EA Appendix O, p.24 — but note that EA Appendix A, p.95 states that ‘The main mechanisms that
could potentially result in the cracking, buckling and dilation of the strata beneath the swamps are the

systematic curvatures and strains and the valley related upsidence and closure movements’.
218 ICHPL (2010e).
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address is that which may develop in the constrained zone and/or within the surface
zone. This latter fracturing is generally believed to comprise open horizontal
fractures and parting planes and scattered vertical fractures which, in the case of the
BSO Project, are not connected to the mine workings. The horizontal fractures and
partings can have a significant capacity to transmit and store water.

Hence, ICHPL rejects the notion that fracturing could form a conduit for water that
escapes from the perched water table to enter the mine workings. The Panel accepts
that the ICHPL position is the likely situation in the case of the BSO Study Area.
ICHPL also asserts that very few swamps would connect to groundwater aquifers
from vertical cracking, but the support for this assertion comes from a conceptual
groundwater model and not from hard data. ICHPL acknowledges this shortcoming
and suggests that piezometric measurements would be required as part of any swamp
monitoring program to establish the facts.?’

The Panel also notes that the EA claims that the SCA’s work at Butler’s Swamp and
Stockyard Creek provides evidence that the perched water table of the swamps and
the underlying regional groundwater aquifer are not hydraulically connected.?'®
However, the issue is not whether these systems are separated under natural
conditions, but what might happen if they are undermined. The examples used as
‘evidence’ are from bore pumping tests, not mining, and, whilst there may have been
depressurisation in the regional aquifer, the other impacts of mining were not present.

There is a further possibility, being that the disturbance in the profile above the
mining layout provides access to a pre-existing shallow permeable strata or conduit
that is not connected to the mine workings. (There is evidence from some swamps
that, following undermining, substantial quantities of surface water flow into a
subsurface network without reporting to either the mine workings or downstream
gauges.)*

6.4.4.2. Impacts Associated With Compressive Fracturing Of Bedrock

The issue has not been addressed in the EA, possibly because it was not referred to
specifically as a possible mechanism in the Metropolitan PAC Report. The maximum
conventional compressive strain predicted for the Metropolitan Coal Project was
1.7 mm/m and therefore below the MSEC threshold trigger level for compressive
fracturing to develop in sandstone environments.

6.4.4.3. Impacts Associated With Vertical Displacement

Subsidence results in a change in the elevation of parts of a swamp or an entire
swamp relative to the surrounding landscape, with larger swamps having a higher
exposure to this subsidence effect. The spatial relationship between the Base Case
longwall panel layout and the distribution of swamps shown in Figure 23 illustrates
the potential for differential and absolute changes in the elevation of swamps in the
North CIliff and Area 2 mining domains. Figure 24 shows the effect in detail for

2T EA, Appendix O, p.12.
2B EA Appendix B, p.60.
219 ¢ g. East Wolgan Swamp — see ICHPL (2010e), Response to PAC Question 14, pp.19-20.
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Swamp DAC-S7b, circled in Figure 23. It can be seen that the elevation of a large
section of this swamp has been reduced by around 800 mm and that within this

subsided section there are variations in elevation of about 400 mm.
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220 Reproduced from EA, Appendix A, Drawing No MSEC401-204.
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Swamp DAC-S7b
North CIliff - Longwalls 1 to 36
Predicted Profiles of Subsidence, Upsidence and Closure
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Figure 24: Predicted Net Vertical Displacement, Upsidence and Closure Profiles for
Swamp DAC-S7b on Dahlia Creek Showing Change in Elevation of the
Swamp?

Swamp DAC-S7b is one of the swamps that the Panel has previously concluded
should be deemed to be of ‘special significance’ because of its size (see
Section 6.4.3.3). The Panel also notes that the following subsidence predictions are

associated with this swamp??:

Tensile strain: 1.3 mm/m
Compressive strain -~ 2.1 mm/m
Closure strain 13.5mm/m
Closure 827 mm

These subsidence effects are conducive to increasing the permeability of the surface
zone and facilitating groundwater flow from the flanks of the swamp into the

22! Reproduced from EA, Appendix O, Fig. DAC-S7b-V.
222 pppendix O, Attachment OB.
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subsidence depression in the first instance, and then possibly out of the system
through upsidence fracture networks. Hence, the Panel considers that at the very
least, this swamp should be classified as at risk of significant negative environmental
consequences.

The issue of differential change in elevation and its impacts have not been addressed
in the EA, possibly because it was not referred to specifically as a possible
mechanism in the Metropolitan PAC Report. However, the Panel considers that it is
likely to be of significance in the BSO fact situation and should be addressed. How
this can be done on the basis of a flexible mine plan is difficult to contemplate, since
the impacts will be site-specific.

6.4.4.4. Impacts Associated With Tilt

In line with the Metropolitan PAC Report, the EA identifies subsidence-induced
tilting of swamps as a possible mechanism of impact. Tilting may lead to
hydrological change in swamps if it is of sufficient magnitude to:

e Re-concentrate run-off leading to scour and erosion; or

e Alter water distribution in parts of the swamp leading to changes in either
swamp health or vegetation composition. In relation to water distribution,
impacts can occur from both increases and decreases in water levels in
swamps or parts of swamps.

The EA raises the issue of changes in drainage alignment and states that 11 swamps
are likely to suffer ‘moderate’ changes in drainage alignment®®® but concludes that
these are unlikely to result in significant negative environmental consequences for
these swamps. There is no clear indication as to how this conclusion was reached or
on what information it was based.

The EA goes on to describe a method of assessing the vulnerability of swamps to
scour and erosion (the ‘erosion index’).

The analysis of susceptibility to scour relies on an assessment of the magnitude of
change in this theoretical erosion risk index, calculated to represent the potential for
scour in the swamp if the vegetation is destroyed by fire. While the index is broadly
based on a selection of the physical mechanisms at play, predictions based on the
absolute value of the index remain speculative. One potential mismatch between the
index and reality comes from the reliance on a single ‘representative’ cross section
flow geometry for the calculation of boundary shear stress in the swamp. This fails to
recognise the fundamental mechanism that scour is most likely to be initiated at an
unrepresentatively narrow or steep or erosive section of swamp, before propagating
through the swamp by upstream and downstream progressing degradation.

Figure 4 reproduced from Appendix O in the EA shows the computed erosion index
for pre-subsidence conditions to be highly variable (from an index value of 0.14 to
14.2) compared to the changes predicted from subsidence. An erosion index of 1.0
implies that scour of the swamp is just occurring.

23 EA, Appendix A, p.95.

116



. .
Computed erosion index for swamps
15
14
13
M pre subsidence
12 .
B post subsidence
11
10
x
g 9
T
£ 38
c
o 7
)
- T
= 6
5
4 | |
;. ] . Il
2 - H || | Lh
1
0
— o 9 O = - Qa © O - © 00 C e} VO O TN ®© O O 00 O O o o0 o m © O
R EEEEREEEE RERE R PRI R SEE R EE R R R R R
S w22 EoadE?2FEFNZIOUIOINLUIOORPIVOADXIOUIIEELLVOLOULUELZO B
uu655555u55ugubggo§§w£ =‘d4§5g§55005g§5535‘"5332§
Selected Swamp IDs

Figure 25: Erosion Index Computed for Swamps for Pre-subsidence and Post-
subsidence Conditions.

The risk assessment reported in the EA identifies high susceptibility swamps as those
showing an absolute change in the value of the index of greater than 0.2 from pre
subsidence to post subsidence conditions. This results in 14 out of 232 swamps being
categorised in the EA as susceptible to erosion post-subsidence. In fact, this
categorisation resolves simply to identifing any swamp where the change in boundary
shear stress as a result of subsidence is greater than 10 N/m?. No justification is given
for the selection of this threshold.

Predicted changes in the erosion index in combination with its absolute value are used
to identify 14 swamps as being highly susceptible to erosion. Of these, only eight are
carried forward to be classified as swamps at risk of significant negative
environmental consequences on the basis that they are also predicted to be subject to
valley closure movements of more than 200 mm.

The EA does not explain why erosion potential on its own would not be sufficient to
classify swamps as being at risk of significant negative environmental consequences.
If the potential for erosion is high, then that fact on its own should be sufficient to
create concern.

Since the EA uses analysis of susceptibility to scour as a critically important
component in the risk categorisation of swamps in the EA, it is important to note that
the thresholds for both the predicted erosion index and the predicted change are not
justified in the EA except by reference to ‘anecdotal’ information from previously
undermined areas. Ina response to questions from the Panel, ICHPL states that:

117




‘the erosion index was intended to be a screening tool to identify swamps that
are more likely to be sensitive to erosion as a result of predicted subsidence

tilts when compared to other swamps’.***

The Panel has concluded that the erosion index described in the EA may provide an
indication of the relative vulnerability of swamps to erosion following subsidence.
However its use is not justifiable in an absolute sense to demarcate swamps where
risk management procedures are (or are not) required. Furthermore, the approach
only considers the possibility of tilt-induced erosion after fire. It does not consider
the other components of tilt-induced risk identified in the Metropolitan PAC Report.
These other forms of tilt-induced change in hydrology may be more important, with
long-term redistribution of water in a swamp causing some parts of the swamp to
become wetter and some parts drier, thus favouring some of the six vegetation
associations more than others. Changes in water distribution may also increase
vulnerability to other hydrological impacts arising from erosion and scouring and may
also alter the size of the swamp.

6.4.4.5. Impacts Associated With Non-Conventional Subsidence - Valley
Closure

The EA identifies maximum predicted valley closure values for swamps and utilises
the threshold of >200 mm predicted closure (using the MSEC prediction methodology
discussed in Section 4.2.2.2 for inclusion in the swamp risk assessment. On this basis
33 swamps have been identified as being at risk of negative environmental
consequences and of these, only eight are considered to be at risk of significant
environmental consequences®” based on their erosion index parameters.

The assumption in the risk assessment that the erosion index is relevant to assessment
of the threat of impact from upsidence is difficult to understand. The two may work
in tandem, but they don’t have to do so to cause effect, impact and consequences.

Negative environmental consequences could be caused by erosion and drying out of
the swamp via the eroded channel, or they could be due to redistribution of water
caused by the upsidence, or they could be due to diversion of water away from the
swamp via connected pathways exposed by buckling and shearing of the bedrock.
Erosion may be a long-term consequence of the latter two, but not the proximate
cause of the damage.

The Panel is also concerned that the threshold for assessment of risk is being set at
>200 mm predicted closure. As knowledge improves there will undoubtedly be a
revision of this figure as a threshold for triggering concern or investigation (there is
already evidence of damage occurring to rock bars in streams at lower predicted
closures). The Panel is of the view that the more sensible approach as knowledge
improves is to develop a prediction methodology that is premised on a correlation
between measured closure and measured impacts. Developments in the prediction of

24 ICHPL (2010b), Response to PAC Question 60, p.50.
225 EA, Appendix O, p.O-29.
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closure, closure strains and upsidence need to be kept under review and adjustments
made to swamp risk assessments methodologies and thresholds as required.

It appears intuitive and logical from a mechanistic perspective that valley closure and
upsidence mechanisms would operate under swamps in the same way they do under
streams, i.e. buckling and bedding shear enhances fracture connectivity in the host
bedrock and water is diverted into the fracture network where it is either stored or
provided with an escape path away from the swamp. The only potentially significant
difference between the streams on Hawkesbury Sandstone and the upland swamps is
that the swamps have sediment and organic material above the bedrock which may
either seal or partially seal the fracture network. The streams generally have very
little sediment, and most of it is sand. Attempts to use sand to seal rock bar fractures
on the Waratah Rivulet have been unsuccessful to date.

For swamps there is no solid evidence that self-sealing occurs at all, or is 100 percent
effective if it does occur. Evidence of hydrological impact and negative
environmental consequences for undermined swamps is emerging and until much
more research has been done, it is the Panel’s view that self-sealing (sometimes called
self-healing) cannot be relied upon to mitigate or manage upsidence-related impacts
on swamps.

The Panel also notes when undertaking subsidence impact assessment that some non-
conventional subsidence effects, such as vertical displacement and strain, need to be
combined with the corresponding conventional effects in order to take full account of
subsidence effects. In the case of the BSO Project, non-conventional subsidence
alone is predicted to result in 21 swamps being exposed to a closure strain of
9.5 mm/m or above’®. Six of these swamps have a predicted closure strain of

13.5 mm/m and one has a predicted strain of 20.0 mm/m.

Of the 21 swamps, six overlap with the substantial size criteria discussed in
Section 6.4.3.2 (CT1-S5, CT1-S6, CT2-S6, OHT-S6a, STC-S13, STC-S26) and three
with the complexity criteria (OHC-S15, STC-S13, STC-S19a). One, STC-S13,
overlaps with both of those criteria. The others are: CRI-S5¢, CRI-S7, CT1-S2, CT2-
S7, DAC-S2, DAC-S3 (maximum closure strain of 20.0 mm/m), DAC-S7b, OHC-
S5a, OHC-S6, OHC-S7a, OHT-Sba, STC-S15, and STC-S34. Only four of the 21
swamps are included in the eight swamps that ICHPL considers to be at risk of
significant negative environmental consequences.

The Panel notes that none of the three swamps singled out for special attention on the
basis of maximum predicted closure strains in the approval for the Metropolitan
Project had predicted strains of more than 8.9 mm/m.

6.4.4.6. Findings and Conclusions on Risks of Impacts and Consequences

e The ICHPL criteria for selection of swamps as being at real risk of negative
environmental consequences minimises the number of swamps that might be
considered to be of greatest concern. The selection of eight swamps
considered to be at risk of significant negative environmental consequences is

28 EA, Appendix O, Attachment OB.
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based on assessment of only two of the multiple possible impacts and then by
requiring both of these to be present at a high level. The justification for this
is not provided and in the Panel’s view the ICHPL analysis and conclusion is
not sustainable.

e The Panel’s view is that, at the present state of knowledge, the following
criteria should be applied individually to identify swamps that may be at risk
of negative environmental consequences®*:

all swamps subject to systematic tensile strains > 0.5 mm/m.

all swamps subject to systematic compressive strains > 2 mm/m.

- all swamps with depth of cover less than 1.5 times longwall panel width.
- all swamps subject to tilt (transient or final) > 4 mm/m.

- all swamps subject to a predicted valley closure of >200 mm.

- all swamps subject to a ‘maximum observed closure strain’ >7.0 mm/m.

e All swamps subject to the risk of negative environmental consequences should
be individually assessed in terms of their characteristics to determine whether
the risk is either unacceptable or acceptable with or without mitigation and/or
management measures. This has not been done for flora and fauna, even for
the substantially reduced number of swamps that ICHPL identified as being at
risk. It has also not been done for hydrology, with no actual piezometric
measurements conducted in any swamps in the Study Area.

e Some of the data in Appendix O (Swamp Risk Assessment) of the EA is of
value in assessment of risk. However, in the Panel’s view, Appendix O
simply places pre-existing data and conclusions into the risk assessment
framework identified in the Metropolitan PAC Report. The elapsed time
between the publication of the Metropolitan PAC Report (June 2009) and the
submission of the EA for the BSO Project (31 August 2009) would support
this view, as would the manifestly inadequate data on swamp hydrology and
flora and fauna in the EA.

For Appendix O to meet the requirements set out in the Metropolitan PAC
Report the predicted impacts should be used to identify all swamps at risk of
negative environmental consequences from all subsidence effects. These
swamps should then be assessed individually to determine whether the
predicted impacts could have a significant effect on (i) hydrology and (ii) flora
and fauna in that swamp. This cannot be achieved without the relevant
information for hydrology and flora and fauna — which is not provided in the
EA.

It is only once there is a comprehensive understanding of the nature of the
risk, its magnitude and its possible consequences that there can be any basis
for considering what might be done to avoid, mitigate or manage it.

22T Note that this is a threshold for investigation — not a conclusion that the swamp will be impacted or
suffer consequences.
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The possibility noted in the EA that the width of the longwall panels may
increase by an unspecified amount makes it impossible to assess the full risk
potential for upland swamps in the BSO Study Area. However, any increase
in longwall width must logically increase the potential risks to swamps.

6.4.5. Step 5 — Consideration of Acceptability of Negative Environmental
Consequences

The requirements are set out in the Metropolitan PAC Report at p.82 and
acknowledged in the EA.??® The relevant extract is set out below.

‘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.’

6.4.5.1. Swamps of Special Significance

The Panel has already described the ICHPL survey efforts as manifestly inadequate
for the purposes of assessing special significance and, on this and other grounds, has
concluded that the ICHPL determination that no swamps in the BSO Study Area are
of special significance is simply not credible.

The problem is that the substantial gaps in the information make it impossible for the
Panel to provide a complete list of swamps warranting a recommendation of special
significance status. There appear to be three options:

0] all swamps in the eastern and southern parts of the North Cliff and
Area 2 are classified as being of special significance and are therefore
to be protected by a requirement for either nil or negligible impact.

(i) Classify as being of ‘special significance’:

(a) those 30 swamps identified in Section 6.4.3.2 based on inclusion in
the upper 10" percentile for size and the 13 identified based on
complexity®?®, and

(b) swamps or clusters of swamps identified as important for the
conservation of EECs or threatened species based on a
comprehensive survey of flora and fauna, including appropriately
targeted surveys for threatened species conducted according to
DECCW specifications.

228 EA, Appendix O, p.3.
229 Seven of these swamps fall into both categories.
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(iii)  Refuse approval for mining in the North CIiff or Area 2 domains on
the basis that the lack of relevant information on individual swamps in
the EA means that no risk assessment relevant to the approval of
undermining of swamps in the BSO Study Area has yet been carried
out.

The Panel notes that its approach in the Metropolitan Project Review (in-principle
approval followed by monitoring of a representative sample of swamps and specific
investigation of three swamps) is not appropriate in the case of the BSO Project
because the mining parameters are substantially different and the risks to swamps are
potentially much greater both in terms of the number of swamps that could suffer
negative consequences and the magnitude of those consequences.

The Panel also notes that the lack of data on something as critical to assessment of
overall risk to swamps as the determination of special significance means that the
public, the government agencies and this Commission have been unable to scrutinise
the proposal to the level required to support a positive recommendation for mining as
proposed.

6.4.5.2. Significant Negative Environmental Consequences

ICHPL has provided some alternative mine plans to avoid or minimise impacts on the
eight swamps it considered to be at risk of significant environmental harm and
concluded that the economic loss in terms of foregone coal production was greater
than the economic gain from protecting these swamps®° and therefore impact
avoidance was not required.

The economic analysis is based on the results of the Choice Modelling exercise and
the Panel has raised concerns about the validity of using results from this study for
estimates of environmental value for natural features of high conservation value.?*

ICHPL examined possible mitigation measures for minimising impacts on these
swamps (i.e. narrowing longwalls and widening chain pillars). Again alternative mine
plans were produced and conclusions were reached that costs outweighed benefits.?*?

ICHPL also examined possible maintenance responses (i.e. actions taken to repair
damage or to control its impact on a swamp). Examples include sealing of cracks in
bedrock, use of coir logs and matting to control water distribution, and grouting of
rock bars. Unfortunately none of these techniques has a track record in swamp
remediation and most of the work that has been done with them is in other
environments and is unpublished.

ICHPL define their preferred risk management approach as:

o ‘Implementation of maintenance responses (knick point control, water
spreading, sealing of bedrock fractures and/or injection grouting) to maintain

20 EA Appendix O, p.34.
31 This issue is dealt with at length in Chapter 17
22 EA, Appendix O, pp.35-36.
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the physical state and function of a swamp that experiences subsidence
impacts.

¢ Implementation of the monitoring programme described in Section 07.5 (of the
EA) to obtain additional baseline information to further inform the risk of
subsidence impacts and environmental consequences.

e Implementation of offset measures, described in Table O-5 (of the EA). >

In relation to these points the Panel notes:

Q) the capacity of the proposed maintenance responses to maintain the
physical state and function of a swamp is completely unproven and has
been commented upon adversely by most stakeholders;

(i) implementation of a monitoring program designed to obtain the data
that was required to inform the risk assessment does not enable the
decision-maker at the approval stage to make an informed decision;
and

(iii)  there are no offset measures proposed for swamps other than a
financial contribution to research that, for most part, should have been
undertaken previously to provide an adequate basis to assess ICHPL’s
proposals.

There are thus no protection measures proposed to prevent damage to upland swamps
from subsidence-related impacts, even for the eight swamps identified by ICHPL to
be at risk of significant negative environmental consequences. Furthermore, the Panel
notes that of these eight: five were included in the Maddens Plains Cluster of swamps
identified by DECC as being of the highest conservation value in evidence to the SCI
in 2007, two are in the top 10 percent of swamps based on size on the whole
Woronora Plateau, one is also included among the 13 most complex swamps
identified by DECCW in the BSO Study Area, and NONE have been the subject of
targeted surveys for threatened fauna species. ICHPL is in effect seeking approval to
seriously damage and possibly destroy these swamps without providing even the most
basic information on which such an assessment could be made.

The Panel’s assessment is that the proposed approach by ICHPL to swamps is
deficient at almost every stage of the risk assessment process and in most stages there
are multiple deficiencies.

6.5. PRECAUTIONARY PRINCIPLE IN RELATION TO UPLAND SWAMPS

A number of submissions raised the application of the Precautionary Principle in
relation to the potential for serious environmental consequences for upland swamps as
a result of the proposed project.?*

The Panel approached this issue by examining some of the various definitions used
for describing the principle, examining the relevant case law and then applying the

3 EA, Appendix O, p.41.
234 @.g. Total Environment Centre, Colong Foundation for Wilderness, National Parks Association.
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principles from the cases to the facts of the BSO Project as it relates to upland
swamps.

There are several definitions of the principle including the one in s.6(2) of the
Protection of the Environment Administration Act (1991) NSW which states that:

“...if there are threats of serious or irreversible environmental damage, lack of
full scientific certainty should not be used as a reason for postponing
measures to prevent environmental degradation.

In the application of the precautionary principle, public and private decisions
should be guided by:

0] careful evaluation to avoid, wherever practicable, serious or
irreversible damage to the environment, and

(i)  an assessment of the risk-weighted consequences of various
options’

This is adopted by s.4(1) of the EP&A Act (1979) and is the definition referred to in
the key NSW cases.

The two cases of most relevance are Telstra Corporation Limited v. Hornsby Shire
Council [2006] NSW LEC 133 (Telstra) and Newcastle and Hunter Valley
Speleological Society Inc v. Upper Hunter Shire Council and Stoneco Pty Limited
[2010] NSW LEC 48 (Stoneco). Both of these cases were heard before the current
Chief Judge of the NSW Land and Environment Court. The first case (Telstra) sets
out in clear detail the factors to be considered in applying the Precautionary Principle.
These are summarised below.
Q) The principle is triggered when two pre-conditions exist:
- athreat of serious or irreversible environmental damage

- scientific uncertainty as to the environmental damage.

(i) The first pre-condition requires a threat, not actual damage, and that
the anticipated damage is serious or irreversible. The threat can be
direct or indirect and incremental or cumulative impacts are included.

(iti)  The seriousness or irreversibility of environmental damage involves
consideration of many factors some of which might include:

(a) spatial scale of the threat;

(b) magnitude of the possible impacts;

(c) perceived value of the threatened environment;

(d) temporal scale (including persistence);

(e) complexity and connectivity of the possible impacts;

(f) manageability of impacts (availability and acceptability of means);
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(iv)

(v)

(vi)

(vii)

(viii)

(9) level of public concern and the scientific or other evidentiary basis
for that concern; and

(h) reversibility of the impacts including feasibility and cost.

The second pre-condition is that there be a lack of full scientific
certainty. Assessment of the degree of uncertainty includes:

(a) sufficiency of the evidence that there may be serious or
irreversible harm caused;

(b) the level and kind of uncertainty;

(c) the potential to reduce uncertainty (what is possible in-principle,
economically, and within a reasonable timeframe).

The threshold to be met for uncertainty is less clear, but the
formulations appear to require that there be at least a plausible
scientific basis for the relationship postulated between cause and effect
and that the level of uncertainty be considerable.

Once both pre-conditions are satisfied, the principle is triggered. The
consequences are:

e the burden of proof shifts to the Proponent who must now
demonstrate that the threat either does not exist or is negligible;

e unless the Proponent discharges the burden of proof the decision-
maker must assume that the threat is a reality rather than uncertain;
and

o the preference is to prevent the damage rather than remediate it.

However, the principle does not become the only factor in the decision-
making, nor is it given weight beyond the consideration of
environmental harm generally. But if the decision-maker approves the
proposal the legal position is that they have done so in full knowledge
that there will be serious or irreversible environmental harm.

Telstra then went on the deal with the level of precaution required.
The simplest formulation is ‘the more significant and the more
uncertain the threat, the greater the degree of precaution required’. It
was also noted that until the consequences of proceeding with the
proposal are known, there should be a safety margin retained in favour
of the environment.

One method discussed for achieving an appropriate level of precaution
was adaptive management — based on the project being constrained in
the area of uncertainty and only allowed to expand as the uncertainty
reduced. The key elements include: monitoring of impacts based on
agreed indicators; promoting research to reduce key uncertainties;
adjustment of the activity based on the results and an efficient and
effective compliance system.
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(ix)  The principle also requires that the measures used to resolve the
problem are proportional to the problem itself, i.e. they should not go
beyond what is necessary and, where there is a choice between
appropriate measures, the least onerous should be pursued. A
reasonable balance must be struck between the stringency of the
precautionary measures and the seriousness and irreversibility of the
potential threat.

x) The principle does not operate to require prevention at any cost. The
potential costs of prevention must be in proportion to the benefits. The
case notes the inappropriateness of traditional cost-benefit analysis for
this task and suggests that multicriteria analytical tools may be of more
use.

In Stoneco the Court considered the precautionary principle in relation to a mining
proposal (limestone quarry). Applying the principles in Telstra the Court found that a
threat of serious or irreversible damage existed to the cave dwelling biota potentially
present at the site. The uncertainty requirement was met by uncertainty as to the
extent of the presence of biota and therefore, the extent of the impact. The presence
of the biota and the potential impact mechanism were both scientifically plausible.

The Court went on to apply a step-wise adaptive management approach to managing
the threat. In doing so it elaborated on the requirements of an adaptive management
approach, i.e.

‘Adaptive management is a concept which is frequently invoked but less often
implemented in practice. Adaptive management is not a “suck it and see”,
trial and error approach to management, but it is an iterative approach
involving explicit testing of the achievement of defined goals. Through
feedback to the management process, the management procedures are
changed in steps until monitoring shows that the desired outcome is obtained.
The monitoring program has to be designed so that there is statistical
confidence in the outcome. In adaptive management the goal to be achieved is
set, so there is no uncertainty as to the outcome and conditions requiring
adaptive management do not lack certainty, but rather they establish a regime
which would permit changes, within defined parameters, to the way the
outcome is achieved. >

The principles in these two cases are applied below to the potential impacts of mining
on upland swamps in the BSO Study Area. Numbering from the case law analysis
above is used for ease of referencing.

(i) Existence of the threat of serious or irreversible harm.

The existence of the threat of serious or irreversible harm is not contested. The
Proponent identifies eight swamps as being at risk of significant negative
environmental consequences and a further 47 as being at risk of negative
environmental consequences. Other key stakeholders (and this Panel) consider the
number in both categories is seriously underestimated by ICHPL.

% Newcastle and Hunter Valley Speleological Society Inc v. Upper Hunter Shire Council and Stoneco
Pty Limited [2010] NSW LEC 48.
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There is a possibility of cumulative impacts from multiple longwalls damaging an
individual swamp, and to flora and fauna from damage to multiple swamps
particularly where they are in close proximity.

Note that in Stoneco the various attributes associated with the feature were all part of
the issue to be considered (i.e. the limestone formation, the hydrology and the biota).

(@)

(b)

(©)

(d)

(€)

(iif)  The seriousness or irreversibility of environmental damage

Spatial scale: Most of the 226 swamps in the BSO Study Area are concentrated
in two of the seven mining domains covering an area of approximately 74km?.
DECCW estimates that more than 10 percent of this area is covered by upland
swamps. Examination of the base case mine layout indicates that a high
proportion of these swamps would be undermined in whole or in part.

Magnitude of impacts: in the Southern Coalfield, impacts that have occurred in
association with mining range from destruction of swamps or parts of swamps
through to minor areas of vegetation dieback. In between are a range of impacts
from minor changes in distribution of vegetation associations to major changes
in distribution of vegetation associations. The environmental consequences for
a swamp depend on the hydrological changes caused by the subsidence impacts.

The BSO Project mining parameters coupled with steeply dissected terrain in
the eastern half of the Study Area make the threat significantly greater, and the
potential impacts significantly greater, than for many other Southern Coalfield
mining operations.

At the landscape scale the number of swamps at risk is contested. The
Proponent has identified a very small proportion and the other stakeholders
(including DECCW) a much higher proportion. In the Panel’s view the latter is
the credible position.

Perceived value of the threatened environment: Upland swamps are identified
as habitats of the very highest conservation value in terms of species diversity
and density and protection of threatened species. Overall the swamps in the
BSO Study Area were included in one of the four clusters of swamps identified
by DECCW as highest conservation value in evidence to the SCI in 2007. They
are also regarded by SCA to be critical elements of the Sydney Drinking Water
Catchment hydrology.

Temporal scale: environmental damage results from changes in hydrology
involving either loss of water or redistribution of water. Loss of water occurs
through accelerated flow via altered flow paths, scour and erosion, fracture of
controlling rock bars, etc, and from escape into fractured networks in bedrock
below the swamp. Redistribution of water in the swamp can also occur in
response to both conventional and non-conventional subsidence.

The environmental damage can therefore occur quickly (e.g. if the swamp
drains) or over decades (e.g. if the changes in water distribution cause shifts in
vegetation composition or increased vulnerability to some other threatening
process such as fire or flood). The persistence of most changes would be long-
term.

Complex _connectivity: the chain of causation from effect through impact to
environmental harm is complex in the case of subsidence-induced
environmental harm to swamps. There are four stages. Mining causes either
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conventional or non-conventional subsidence effects. These effects may cause
impacts such as vertical fracturing, tilt or valley closure and upsidence.
Depending on severity and location these may cause changes in swamp
hydrology which in turn may lead to environmental damage to swamps.

The range of possible hydrological changes ensures that it is difficult, if not
impossible, to predict the precise outcome in advance from an understanding of
the mining parameters and the geological features.

() The manageability of possible impacts: The Proponent has put forward some
possible approaches to management of a limited number of the possible
hydrological changes. To the Panel’s knowledge none of these proposed
approaches has been used successfully to manage impacts on upland swamps.

(g) The level of public concern and the basis for that concern: there is a high degree
of public concern as evidenced by submissions on the EA and to this Review, **°
articles in major metropolitan newspapers on the threat to swamps from this
project proposal and the importance of swamps to conservation and catchment
health, and television documentaries and news items on the role of swamps and
the threat posed to them by mining.

There is sufficient scientific evidence of both the importance of upland swamps
and their vulnerability to subsidence-induced impacts to more than satisfy this
requirement.

(h) Reversibility of impacts: the environmental consequences are such that they are
very difficult to reverse (arguably impossible in any practical sense). It is
equally unlikely that the hydrologic changes can be reversed and the collateral
damage from attempting to do so using engineering solutions would likely
produce their own significant impacts.

In the Panel’s opinion the first pre-condition is satisfied, i.e. there is a threat of
serious or irreversible harm and that harm is likely to affect a substantial
number of swamps in the Project Area.

(iv) and (v) Lack of full scientific certainty

There are clear statements in the report of the SCI and in the Metropolitan PAC
Report concerning the lack of scientific knowledge about the relationship
between subsidence effect, impact and environmental consequences for
swamps. These are repeated in the EA.

Some (but not all) of the pathways by which environmental consequences occur
are known at the principle level but as yet there is no quantitative relationship
between effect and consequence that could be used predictively.

A limited attempt has been made in the EA to classify swamps in the BSO
Study Area according to risk of serious harm using two of the potential impact
pathways. The approach has been criticised by other experts as not credible.
The Panel shares the concern about credibility of the current attempt, but

% Including individuals, NGOs, Local Governments and NSW State Agencies (DECCW, SCA,
NOW).
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recognises that this approach will need to be pursued further with a more
comprehensive suite of parameters and better information.

It will take some time to acquire the information to improve current
understanding of subsidence impacts and environmental damage to swamps.
The Metropolitan PAC Report®®” recommended that a workshop be held
between experts from all parties and multiple disciplines to explore a structured
approach to further research in this area.

The Panel notes in relation to uncertainty the manifestly inadequate information
in the EA concerning the important characteristics of each swamp, including the
key information on flora and fauna.

The Panel also notes the considerable increase in uncertainty based on the
potential changes to mine layout and longwall panel width.

The Panel is of the opinion that the second pre-condition is met and that there is
overwhelming evidence that the precautionary principle is therefore triggered.

(vi)  Shiftin the Burden of Proof

The Panel is of the view that, based on the information provided in the EA and
in response to questions, the Proponent has not provided information that
could discharge its obligation to demonstrate that the threat either does not
exist or is negligible. In the Panel’s view the threat both exists and is
substantial.

(vii)  The level of precaution required

Since there is both a significant threat and a substantial level of uncertainty the
principle requires the application of a significant degree of precaution, with
the safety margin falling on the side of the environment.

Both Telstra and Stoneco discussed adaptive management as a possible way to
proceed with a development by limiting the opportunity for impacts,
monitoring the results of early work, and then adjusting the project to maintain
the required outcomes.

Some elements of the adaptive management approach to upland swamps are
evident in the EA. There is a commitment to monitoring and to a contribution
to research in the areas of uncertainty. There is also a commitment to some
form of remediation, albeit using unproven techniques and limited to a couple
of the multiple pathways by which hydrologic changes can cause negative
environmental consequences for the swamp.

But the serious omission is any rigorous monitoring, review and management
adjustment process as set out in Stoneco. What is in the BSO Project proposal
falls well short of the basic requirements for an adaptive management program
as set out in that case.

(viii) Proportionality of the solution

The BSO Project proposal has been presented as a single project. However,
there are seven mining domains within it and only two of these contain large
numbers of upland swamps (Area 2 and North Cliff). In the case of North
CIliff the swamps are mostly in the eastern and southern portions. The focus

#Dop ( 2009a), p.89.
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for any solution should therefore only be on the eastern and southern portions
of North Cliff and Area 2.

The two possible solutions proposed in Section 6.7.2 below that would allow
mining under swamps are designed to minimise the restrictions on mining
whilst providing the required level of protection for the swamps. The first
would see a number of swamps classed as being of special significance based
on their identified attributes (e.g. size, complexity, contiguous habitat,
presence of threatened species and EECs, etc) and therefore warranting
negligible impact criteria being applied to them, and the second would see an
area containing a substantial proportion of upland swamps protected to the
same standard, with less rigorous protection for swamps outside that area
unless they met the special significance test. Mining would be allowed under
swamps provided the impact criteria could be met.

(ix)  Cost of Prevention

The EA uses the results of the economic analysis combined with examination
of some alternative mine plans to examine the costs and benefits of avoidance
of impact at the eight swamps it considers to be at risk of serious harm and
then mitigation of impact at these swamps.

Not surprisingly, the economic costs of avoidance and mitigation are found to
exceed the economic benefit of protecting the swamps.

There are multiple problems with this analysis. In Chapter 17 the Panel points
out in detail the flaws in the economic study and the dangers of using it to
assess values at the domain or sub-domain levels. It should also be obvious
that changing mining parameters for a few swamps and assessing costs and
benefits on that basis will create a balance in favour of continuing damage. In
the Panel’s view, the analysis it is not based on sound methodology for
determining the economic value that the public would place on upland swamps
if they were properly informed about their contribution to conservation and
catchment health. Multicriteria analysis, as recommended in Telstra?*® has not
been used.

6.6. THE POSSIBLE INCREASE IN LONGWALL WIDTH AND ITS POTENTIAL
IMPACT ON SWAMPS

If the longwall width increases, the number of swamps experiencing negative
environmental consequences and the significance of those consequences is expected
to increase. The Panel requested that ICHPL undertake sensitivity testing to
determine the change in subsidence effects, impacts and consequences arising from
different increments in longwall width.”** ICHPL declined to do so®* referring the
Panel to Appendix A in the EA (which does not provide the required information).
ICHPL went on to state that it expected that the form of any approval for the BSO
Project would be the same as used in the Metropolitan Project Approval,?* i.e.
Performance Measures set out in the Approval Conditions with the details concerning
mine layout etc in the Extraction Plans which must be consistent with achievement of

238 Telstra Corporation Limited v. Hornsby Shire Council [2006] NSW LEC 133.
2% BSO PAC Panel Questions to ICHPL, Question 16.

9 ICHPL (2010e), p.29 and p.31.

1 ICHPL (2010e), p.30.
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the Performance Measures in the Approval and the predictions and commitments in

the EA.%%?

There are multiple problems with the ICHPL position. They include:

(i)

(i)

(iii)

(iv)

The approval to undermine upland swamps in the Metropolitan Study
Area followed a recommendation from the Metropolitan PAC Panel
that was based on its assessment that sufficient information existed for
the Panel to be confident that the risks to upland swamps were low
overall. The Panel had a firm proposition to consider (the mining
parameters were not subject to change) and had the benefit of
considering government agency expert advice and independent expert
advice on the proposal.

The potential structure of the Approval was considered by the Panel
and was deemed to be appropriate for protecting the upland swamps.
The Panel’s recommendations included a monitoring program for
upland swamps and specific pre-conditions relevant to three swamps
that may have been exposed to non-conventional subsidence effects at
specific locations.

The BSO Project situation for upland swamps does not resemble the
situation described above. The Panel’s assessment is that, even on the
Base Case layout and with 310m longwalls, the subsidence-related
risks to swamps are greater than the EA predicts, and there is
inadequate information to determine the full extent of that risk. The
proposition to be assessed is anything but firm, with ICHPL stating
that both the location of the longwalls and the longwall panel width are
flexible. The Panel’s view is that the introduction of wider longwall
panels has the capacity to so substantially alter the occurrence and
magnitude of subsidence-related risks to upland swamps that it
effectively creates a different project proposal — one for which
government agencies, special interest groups and the general public
have not had the opportunity to provide advice to the Panel or to
Government on the fully disclosed risks to upland swamps. It was to
try and quantify the increase in subsidence-related risk from wider
longwall panels that the Panel requested the information from ICHPL.

Application of the Precautionary Principle requires that there be strong
protective measures for upland swamps set out in any Approval rather
than being left to subsequent processes such as Extraction Plans that
are not open to public scrutiny. This is even more critical with
potential increases in longwall panel width. The options appear to be
relatively few:

- ignore the risk and proceed;

- prohibit mining under or adjacent to upland swamps (or a specified
sub-set of upland swamps);

- set a negligible or nil impact for all upland swamps (or a specified
sub-set of upland swamps).

2 ICHPL (2010e), p.30-31.
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v)

The commitment in the EA**® concerning increases in longwall width
states:

‘... in the event that the environmental impacts associated with mine
subsidence exceed that authorised by the Project Approval, in addition
to remediating the impacts, adaptive management techniques would
include reducing longwall width, increasing pillar widths or
shortening a longwall to reduce subsidence effects at the surface.’

Dissecting this statement in the context of swamps reveals the
following:

e it is environmental impacts that must exceed the Project Approval
before action is required (not predicted subsidence impacts). But
some of the key environmental ‘impacts’ (presumably equivalent to
‘consequences’ in SCI and Metropolitan PAC terms®**) will only
become evident over time, i.e. when the mining is complete.

e What ICHPL is seeking in the Project Approval becomes very
relevant in this context. ICHPL is in fact seeking to be able to
undermine any swamp in the Study Area. ICHPL identifies that 55
swamps (approximately 25 percent of all swamps) are at risk of
negative environmental consequences and of these 8 are at risk of
significant negative environmental consequences.”®  However,
ICHPL claims that it would be inefficient to avoid undermining any
of these swamps and would also be inefficient to use the adaptive
management techniques of narrower longwalls, wider pillars and
setbacks to protect them.*°

e Remediation of the impacts is only required if the predicted
environmental ‘impacts’ from the wider longwall panels exceed the
predictions in the EA. There are two issues with this in relation to
swamps:

- The predictions are for 25% of swamps to suffer negative
environmental consequences. However, these would not
appear to be candidates for any remedial action under the
terms proposed.

- In any event, there are no guaranteed remediation techniques
for the majority of likely impacts in relation to swamps.
ICHPL have suggested possible techniques for a limited range
of impacts, but these are all unproven.

23 EA Vol 1, Section 7.6.2, p.34.

244 If this is not the meaning, the commitment as a whole is meaningless. In Appendix O, ICHPL is
careful to use the concepts of effect, impact and consequence as set out in the SCI and Metropolitan
PAC Reports.

25 Note the Panel’s conclusion that the ICHPL estimates are significantly lower than the likely number
of swamps to be impacted.

26 EA, Appendix O, 7.3.1 and 7.3.2. Note that this position is reinforced in the ICHPL answer to
Question 59 from the PAC (ICHPL (2010b), Q59 at p.50) where the possibility of using pre-mining
stabilisation measures is determined by the ‘status of the swamp’. This refers to swamps of ‘special
significance’ status and ICHPL claims that there are none of these in the BSO Study Area.
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e Adaptive management to bring the environmental impacts back
within the EA predictions is a meaningless commitment for
swamps because the main adaptive management techniques to
prevent further risk of harm (and mentioned in the quote above) are
specifically rejected in the EA in the case of swamps — even for
those swamps identified by ICHPL to be at risk of significant
negative environmental consequences. The ICHPL risk
management measures for swamps are set out in the EA.?*" They
include some monitoring and research, use of management and
remediation techniques (all of which are unproven) directed at a
limited range of possible impacts, and offsets (which are trivial
commitments and not consistent with offsetting damage to upland
swamps).

It should also be noted in this context that there is no adaptive
management plan in the EA in relation to swamps that would
satisfy the test laid out in Stoneco.?®

The Panel is of the view that the commitments are of low value in relation to swamps.
It would be possible for ICHPL to increase longwall panel width and undermine
swamps potentially causing substantial damage without triggering a response that
would stop the damage or prevent its further occurrence.

6.7. UPLAND SWAMPS - FINDINGS AND RECOMMENDATIONS
6.7.1. Findings

0] Extrapolation of conclusions from the Metropolitan PAC Report to
assessment of the BSO Project Proposal is only valid where robust
information exists to demonstrate that the characteristics of the two
areas are sufficiently comparable to make such extrapolation
appropriate. The Panel is of the view that the differences in the mine
parameters and key characteristics affecting subsidence impacts make
extrapolation of conclusions related to subsidence impacts unsound
without further research and assessment.

However, the Panel considers that the methodologies for assessment of
risk for subsidence-induced impacts reported in the Metropolitan PAC
Report**® are generally appropriate to the review of the BSO Project
Proposal.

(i)  The mining parameters in the BSO Study Area indicate a much higher
level of risk for upland swamps generally than was evident in the
Metropolitan Project Review.

(iii)  Since the Metropolitan Project Report was published, information has
been emerging to suggest that a number of upland swamps in the

2T EA, Appendix O, 7.4, p.41

248 Newcastle and Hunter Valley Speleological Society Inc v. Upper Hunter Shire Council and Stoneco
Pty Limited [2010] NSW LEC 48 (Stoneco)

9 The Metropolitan PAC Report refined and applied to a mining proposal the principles set out in the
SCI report.

133



(iv)

(v)

(vi)

(vii)

(viii)

Southern Coalfield are being impacted by subsidence-induced changes
to hydrology.

The risk assessment in the EA is considered to be inadequate. The
reasons are set out in 6.4.3.3 above. The key findings are that there are
a substantial number of swamps that should be classified as swamps of
‘special significance’ (possibly extending to all swamps in the eastern
and southern parts of the North Cliff and Appin Area 2) that the
restrictive criteria used by ICHPL for classification of swamps at risk
of significant negative environmental consequences is flawed, and that
a much higher number of swamps than is estimated in the EA are
likely to be at risk of both negative environmental consequences and
significant negative environmental consequences.

The proposals in the EA for managing risk to swamps are not
considered acceptable by the Panel. Avoidance of impact is ruled out,
as are mitigation measures - even for swamps the EA identifies as
being at risk of significant negative environmental consequences. The
management measures proposed are unproven and, even if they could
be successfully implemented, only cover a very narrow spectrum of the
potential hydrologic impacts to swamps. The proposed offsets are
meaningless in terms of negative environmental consequences for
swamps.

The Panel is also of the view that the Choice Modelling has not been
used appropriately for assessing the value the community would place
on upland swamps in the Study Area.

There are no protection measures proposed to prevent damage to
upland swamps from subsidence-related impacts and ICHPL are
seeking approval to undermine all upland swamps in the Study Area.
The Part 3A Approval would effectively ‘turn off” the NSW statutory
protections for both EECs and threatened species, but the basic survey
work to assess either presence or viability of any threatened species in
the Study Area swamps has not been done. The Panel has described
the work undertaken by ICHPL on fauna survey as manifestly
inadequate. The Panel is of the view that this issue is of critical
importance and that resolution cannot be deferred to a subsequent
process.

The Precautionary Principle would appear to be squarely applicable to
the proposed undermining of upland swamps in the BSO Study Area.

The predictions for subsidence-related impacts are based on 310m
wide longwall panels. If longwall panel widths increase there is a
substantial, but unquantified, risk of increase in the number of swamps
likely to suffer negative environmental consequences and for these
consequences to become much more significant. ICHPL has declined
to provide the basic information required for the Panel to consider the
magnitude of the increased risk and, combined with the pre-existing
lack of adequate data on the characteristics of individual swamps, the
Panel considers that the risks must be categorised as unacceptable
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unless the swamps are protected by a nil or negligible impact
requirement.

6.7.2. Recommendations

The Panel recommends that one of the following three options be implemented in
relation to protection of upland swamps in the Study Area:

(i)
(i)

Mining not be approved for the area marked A on Figure 26;

Upland swamps in the area marked A on Figure 26 be protected by
requiring as part of any Approval, a performance criterion of negligible
subsidence-related impact. This means that:

(a)

(b)

(©)

- before mining can occur under or adjacent to an upland swamp in
Area A:

a Swamp Risk Management Plan (SRMP) must be developed as
part of the Extraction Plan. This SRMP must demonstrate to the
satisfaction of the Director-General of Planning that, for the
proposed mining arrangement, subsidence predictions for
conventional and non-conventional subsidence are within limits
that will ensure the hydrology of the swamp will not be affected
such that there is no potential for change in the size or functioning
of the swamp, including potential changes in species composition
or distribution within the swamp. This means that water will not
drain from the swamp or part of the swamp as a result of any
mining-induced subsidence, nor will water be re-distributed within
a swamp or part of a swamp as a result of any mining-induced
subsidence to an extent where such potential changes could occur;

a monitoring program is designed and implemented that will
provide both a platform for understanding the hydrology of
swamps and advanced warning of any potential exceedances of the
subsidence predictions, detect any actual exceedances of
subsidence predictions and detect any impacts on the hydrology of
the swamp and underlying hard rock strata. Especially important is
the need to characterise the relationship between swamps and their
role in recharging the regional groundwater systems; and

an adaptive management plan is in place that meets the tests laid
down in Stoneco®° and is linked to the monitoring program in such
a way that early detection will enable the mining operations to be
adjusted so that the subsidence predictions are not exceeded and
subsidence impacts creating a risk of negative environmental
consequences do not occur.

The proposed performance criteria should be backed by sanctions
sufficient to deter non-compliance.

0 Newcastle and Hunter Valley Speleological Society Inc v. Upper Hunter Shire Council and Stoneco
Pty Limited [2010] NSW LEC 48 (Stoneco).
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- before mining can occur under or adjacent to any upland swamp
in other areas:

(d) a comprehensive description of their characteristics is compiled
including adequate information on EECs and threatened species
(to standards set by DECCW);

(e) a rigorous assessment (to the satisfaction of DECCW) has been
conducted as to whether the swamp contains an EEC or contains or
is part of the habitat of a significant population of threatened
species, or is of special significance for some other reason. If
found to be of special significance the swamp is to be protected by
the same negligible impact criteria, monitoring requirements and
adaptive management requirements as swamps in Area A,

(f) for swamps not meeting the significance levels in (b) an Upland
Swamp Risk Management Plan has been approved by the Director-
General of Planning with such plan to include inter alia an
assessment of the subsidence-related risks, a monitoring plan, a
mitigation strategy if required and, as a last resort, remediation
strategies where avoidance or mitigation of impacts are not
feasible; and

(9) an offset strategy has been developed that has been agreed with
DECCW for circumstances where significant negative
environmental consequences occur in upland swamps.

(iif) ~ Mining be approved in the area marked A on Figure 26, but with a
negligible impact requirement for the swamps listed below plus any
other swamps in Area A found to contain EECs or threatened species
after comprehensive survey and which are considered by DECCW?*
to meet the test of special significance based on the conservation
significance of those findings either alone or in combination with other
values. The swamps identified currently are:

CRE-S6b, CRE-S7a, CRE-S8 (plus CRE-S7b)
CT1-S4,CT1-S5, CT1-S6

CT2-S2, CT2-S6

DAC-S7b, DAC-S9

FOG-S1

HSC-S1

ILC-S3, ILC-S4a, ILC-S5e (plus ILC-S4e)
OHC-S4, OHC-S15, OHC-S17

OHT-S6a

STC-S12, STC-S13, STC-S17, STC-S18, STC-19a, STC-S24, STC-S26,
STC-S28a, STC-S28b

UNT-S1

WOR-S4, WOR-S5a, WOR-S56 (plus WOR-S5c)

51 The Panel is of the view that the work by ICHPL to date on this issue does not provide a sufficient
level of confidence that swamps of special significance would be identified correctly if ICHPL alone is
responsible for the recommended work. The Panel considers that in this instance the conservation
authority should act as ‘certifier’.
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Any swamps of special significance should have the same monitoring requirements
and adaptive management requirements as those specified in (i) (b) and (i) (c) above.

For any upland swamp in Area A that does not meet the Special Significance test, the
requirements in (d), (f) and (g) of (ii) above should apply, and for all upland swamps
outside Area A, the requirements in (d), (e), (f) and (g) of (ii) above should apply.

The differences between (ii) and (iii) are probably relatively small in terms of impact
on the mining operation, but (ii) would be much simpler to administer.

4 Area A
f - Swamps LT
B

Figure 26: Boundaries Defining Area A
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7.0 SURFACE WATER AND AQUATIC ECOLOGY
7.1. INTRODUCTION

A defining natural feature of the Study Area is its system of creeks and rivers and their
importance for Sydney’s water supply system. This system ranges from shallow, unconfined
creeks with clay bed and banks and poor water quality to remote gorges with waterfalls,
cascades, boulder fields and pools in an undisturbed setting. The impact of mining and the
consequences for the condition of the waterways is a key issue addressed in the EA, in public
submissions and in this section of the report.

7.1.1. Approach to Assessment

The Panel has relied on material from the EA, from public and agency submissions and from
responses to requests for additional information. This material has been supplemented with
the Panel’s field inspections, knowledge and experience to:

o identify the range of values served by the river system;

e describe the magnitude, density and extent of the consequences of the project on river
system values; and

e assess the acceptability of the consequences taking account of mitigation strategies.

The Panel makes two observations that distinguish key differences between the approach
taken by the Panel and the approach taken in the EA.

1. The Panel does not subscribe to streams being represented as a series of discrete
features in the landscape. Streams form a connected linear network. Many stream
values depend on the recognition of the stream system as a continuum with the value
of any segment heavily dependent on what happens up and downstream and in higher
and lower order components of the system. Pools behind rockbars may be visually
dominant features but other stream morphologies including boulder fields and pools
behind other channel constrictions are also vital components of the linear system. At
the same time, in the deeply incised gorge landforms that predominate in the
sandstone geology, the ‘conventional’ and ‘non-conventional’ impacts of mining
compound along the valley systems.

Protecting the values of streams from impacts that are broad in scale will rarely
require intervention only at a series of discrete locations — it is more likely to require
some form of intervention or control throughout the interconnected linear network.
This is at odds with the focus of the EA on remediation ‘at controlling rock bars’ as
the pervasive objective in its preferred risk management options.

2. In the remote areas of sandstone gorges to the east and south of the Study Area, the
Panel’s assessment finds that much of the value of the stream network is closely
associated with its natural characteristics and its pristine setting. Values relying on
‘naturalness’ have two distinguishing traits:

i.  Even small impacts can have major consequences for naturalness values. The
response is non linear with a major threshold at very low levels of impact.
Any activity (including remediation activities) that interferes with the natural
hydrological, physical or biological processes in the stream system,
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immediately leads to loss of naturalness values and that loss can propagate up
and downstream. This seems not to have been recognised in the EA where
preventative risk management options rely on specification of valley closure
constraints at controlling rock bars but not elsewhere in the stream system.

ii. Even with appropriate remediation, recovery of naturalness values has a long
hysteresis and may in fact be irreversible. The EA’s reliance on remediation
as a primary risk management option does not recognise this trait.

The Panel makes the further observation that for rivers and streams, unlike impacts and
consequences for some other natural features (swamps for example), the existence of links
from impacts to consequences is broadly accepted by the Proponent. Agency and public
submissions indicate a level of accord with at least the nature of the impacts and
consequences®2. Where differences emerge is in assessing the magnitude, density and extent
of the consequences, and in the significance of the consequence to the values of the system.
This has focussed the Panel’s efforts toward resolving differences in this part of the

assessment as reported below.
7.2. RIVERS AND STREAMS IN THE STUDY AREA

An overview of the rivers and streams shows two river catchments — the Nepean River
catchment and the Georges River catchment — draining the Study Area northwards. The
Nepean River (known as Hawkesbury-Nepean River further downstream) is the larger. Its
tributary, the Cataract River, flows north-west through the Study Area, downstream of
Cataract Dam. A small part of the north east corner of the Study Area drains to the Woronora
Reservoir via the Woronora River.

Characteristics of rivers and streams in the Study Area vary across the catchments —
principally dictated by geology. Stream condition (or ‘stream health’) is heavily influenced
by catchment land use which is also geology dependent. Figure 27 illustrates the (simplified)
geology of the region superimposed on the stream network. Areas of Ashfield Shale (part of
the Wianamatta Shale Group) are strongly correlated with areas that have been cleared and
developed — mainly for agriculture and urban use. Areas shown as Hawkesbury Sandstone
are largely undeveloped. Topography and rainfall also reflect geology with areas of highest
elevation and highest rainfall in the south and east of the Study Area.

Four broad categories of stream result from this general classification and have been used by
the Panel to guide the assessment that follows, namely:

1. Within the Study Area, streams in the north west in the Ashfield Shale zone typically
flow through developed agricultural land. This is the group of streams that flow north
and west from the proposed mining Area 7, Area 8 and Area 9. They are unconfined
creeks with clay bed and banks. They show limited variety in their physical form
apart from occasional eroding bends and farm dams. Riparian vegetation is limited or
absent. Water quality is generally poor®®,

2. In contrast, rivers and creeks in the Hawkesbury Sandstone to the south and east of
the Study Area are heavily confined streams or gorges often flowing in protected
water supply catchment, declared conservation zones or otherwise largely undisturbed

2 The issue of catchment yield is an exception to this accord. See discussion in later sections.
3 EA, Appendix C.
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areas. They are typically steep, exhibiting a range of physical form reflecting their
bedrock controlled confinement including boulder fields, rock shelves and rock bars,
pools, waterfalls and cascades. In their upper reaches, the smaller tributaries emerge
from their gorges and are associated with a range of swamp types. Runoff is high
with persistent base flow. Water quality data in undisturbed areas is sparse but with
some exceptions water quality appears good.

Between these two extremes are a number of streams that drain catchments of mixed
geology where the drainage network has dissected the Ashfield Shale and cut down
into the underlying Hawkesbury Sandstone. This includes the northward, southward
and westward flowing tributaries of the Nepean River in the west of the Study Area.
These creeks and rivers exhibit many of the physical features of the sandstone gorges
to the east (rock bars, waterfalls, pools, etc) but water quality, hydrology and
vegetation may be influenced by developed areas of Ashfield Shale origin adjacent to
the gorge or upstream in the catchment.

. As a special case, the Nepean and Cataract Rivers represent the region’s major
streams. They are deeply incised into the Hawkesbury sandstone but have areas of
shale in their catchments. Their size and their dominant character within the
landscape justify a separate category.
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7.3. ASSESSING RISKS TO WATERCOURSES FROM MINING IN THE STUDY AREA

The SCI Report®®* and the Metropolitan PAC Report®® describe a process that leads to an
assessment of the acceptability of mining risks to the values of natural features. At its
simplest, an application of this process to rivers and streams in the BSO Operations Study
Area requires:

256

¢ Identification of the value and significance=” of rivers and streams in the Study Area.

e An assessment of the impact of the Project on the value of rivers and streams in terms of
likelihood and consequences of impact, including the effect of mitigation and
remediation measures.

e An assessment of the acceptability of the outcome.

The EA goes some way toward this process but falls short in crucial areas.

Appendix C and Appendix P of the EA provide detailed descriptions of streams and their
attributes. The detailed stream surveys that have mapped, catalogued and photographed
streams and stream attributes throughout the Study Area, together with the other information
presented in the ‘stream matrix’ (Attachment PB) provide an exemplary data base.

Appendix P goes on to acknowledge the range of use and non use values of the waterways:
water supply, ecological significance, conservation value, community value and recreational
value are all recognised. However little progress is made in the EA toward interpreting the
catalogue of raw data to provide any link to the significance of an individual stream or a
collective of streams in a catchment. Furthermore, only a subset of the values appear to be
carried forward for assessment of the acceptability of impacts. The difficulty of these steps is
acknowledged by the Panel and it is not suggested that any deterministic process can be
called upon to deliver incontestable outcomes. However, without an assignment of values to
streams or groups of streams, and without consistent appreciation of all the values in the
system, it becomes impossible to make an holistic assessment of the risks to those values
from mining.

As a result, description of project-related risks to stream values in the EA is narrow, focused
almost entirely on catchment yield, maintenance of in-stream pools and protection of water
quality. This narrow focus represents a limited appreciation of the risks to the values of
rivers and streams from mining in the Study Area, particularly in the sandstone gorge areas to
the east and south, and renders incomplete any judgement of acceptability that relies only on
this assessment.

%4 DoP (2008).
> DoP (2009a).
%% Assessment of “significance’, including ‘special significance’, is discussed in Chapter 6.
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7.4. STREAM VALUES
7.4.1. Attributes

Stream classification and condition assessment schemes combine a number of attributes to
characterise a watercourse.

e Hydrology: the flow regime in the river or creek. The magnitude, frequency and
duration of flows are discriminating characteristics that influence the physical form,
water quality, vegetation and aquatic life of the waterway. They dictate its usefulness for
water supply. The hydrology of a catchment depends on its size, topography, climate,
geology, vegetation and land use and is heavily impacted by any water resource
development.

e Physical form: the size, shape and slope of the waterway and its in-stream features:
pools, runs, bars, waterfalls, meanders, riffles, in-channel wood, and composition of the
bed. Physical form is dictated by the geologic, tectonic and climatic history of the
catchment including any anthropogenic intervention. Physical form is the result of long
term geomorphic processes and is an obvious physical discriminator between streams.

e Vegetation: both riparian and in-stream vegetation. Includes grasses, sedges, shrubs and
trees in and adjacent to the channel. Vegetation contributes to aquatic and terrestrial life
by its influence on habitat, nutrient cycling, water quality and temperature. Vegetation
associations are readily impacted by clearing, grazing and invasion of exotic species.

e Quality of water: the physical and chemical properties of the water flowing in the
waterway. Includes turbidity, temperature, nutrients and other natural and introduced
chemicals and contaminants.

e Aquatic life: the plant and animal organisms that live in the waterway. Includes
macroinvertebrates algae and fish. The diversity and abundance of aquatic life depends
on hydrology, physical form, vegetation and water quality.

7.4.2. Values

These attributes, singly or jointly give rise to, or support the values that society ascribes to a
waterway. In the Study Area these values can be categorised as:

e Hydrologic value: includes the importance to catchment yield, particularly its
significance to water supply. This is a ‘use value’ in economic terms. Water quality and
permanence of flow are also important and contribute to amenity and ecological values.
Aspects of ecosystem services including flood retardation and filtering of contaminants
may also be classified as hydrological values.

e Ecological value: including contribution to biodiversity at regional, local and biotope
scales and more specifically, conservation of threatened species of terrestrial and aquatic
fauna and flora. These are passive and non-use values.

e Environmental quality: Society values the existence of areas preserved for their
environmental quality or rarity; a non use value. Environmental quality is often closely
related to naturalness.

e Amenity value: visual amenity and recreational opportunities afforded by the waterway
are use values.
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7.4.3. Describing Changes to Values

There are methods to quantify the change in values (in economic terms) as a consequence of
the BSO Project. Some have been applied in the EA to compare the costs and benefits of
project alternatives. The methods of economic evaluation reported in the EA (particularly the
Choice Modelling) can provide a guide to the significance of changes to the values of streams
in the Study Area as a whole, but the scale and resolution of the analysis precludes
discrimination between streams or even groups of streams across the Study Area, even with
the extensive data set presented in the EA. In the absence of such a practical, objective
method of quantifying changes in values in individual streams or groups of streams in the
Study Area, a qualitative assessment will need to take account of:

e Scale: the scale of the waterway as represented by its Strahler stream order and its
catchment area.

e Community value: assessing the relativity of the values that society ascribes to
waterways.

e Regional significance: the importance of a particular attribute in the context of any
specially designated areas and the broader setting of the region.

These three measures together with the list of values noted in the previous section accord
with suggestions from the Metropolitan PAC Report®’ that the following traits should be
considered in characterising the significance of impacts on streams:

e Importance to catchment yield;

e Significance to water supply;

e Scale of the watercourse;

e Permanence of flow;

e Water quality;

e Ecological importance;

e Environmental quality (pristine, modified, severely modified);

e Visual amenity (eg cascades runs, pools etc);

e Community value (value the community attributes to protection);

e Regional significance.

7 DoP (2009a), Section 7.4.
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7.5. VALUES OF RIVERS AND STREAMS IN THE STUDY AREA

As a first step toward assessing project related changes to stream values, this section reports
on the Panel’s assessment of the values attributable to streams in the Study Area®® in their
current condition.

Appendix P of the EA, following the suggestions in the Metropolitan PAC Report, has used
the list of measures and values noted in Section 7.4 to contribute to the characterisation of a
selection of streams within the Study Area. The selection is based on streams that are named
on the NSW 1:25,000 map series or are classified as third order and above (presumably also
on the basis of those streams identified on this same 1:25,000 map series). The results are
given in the ‘Stream Matrix’ presented as Attachment PB of Appendix P of the EA.

While the stream matrix tabulates detailed information on each of the stream traits already
noted, there is no attempt in the EA to interpret this information to provide a description of
absolute or relative significance for each stream.

For this report, Table 11 lists a subset of attributes sourced from Attachment PB of the EA.
The attributes have been rearranged and re-grouped to facilitate their interpretation in line
with the measures of value and significance described above.

The Table presents the streams in order of catchment area. Catchment area is a measure of
the scale of the watercourse and acts as a surrogate for mean annual flow and channel size.
Where the EA has identified separate reaches of the same stream, these are re-grouped in the
Table. Also, neighbouring streams of similar characteristics with similar catchments have
been grouped to avoid repetition.

Table 11 includes a set of comments on the value and significance of each group of
watercourses. The comments are a compendium of information interpreted from the Table,
from elsewhere in the EA, the GIS and photographic data provided in support of the EA and
from Panel members’ own observations and knowledge. The comments provide the Panel’s
interpretation of the stream related values and the significance of the values that apply to each
group of streams.

2%8 Note that the list of streams considered here is based on the stream attributes presented in the EA. It is
therefore restricted to streams that are named on the NSW 1:25,000 map series or are classified as third order
and above. Smaller or unnamed streams may also be important contributors to values. In particular, groups of
smaller streams may combine to provide significance or may contribute to or protect the values of swamps or of
larger waterways downstream. This issue is considered in more detail later in this report.
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Table 11:

Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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The major river in the Study Area. Crucial component of water supply system locally and for Sydney. Considered an iconic waterway and an important ecological and community asset
(Appendix P of the EA page P-14). Water Quality shows elevated metals and nutrients. Threatened species recorded in or adjacent include Macquarie Perch, Sydney Hawk Dragonfly, Grey
headed Flying Fox and the Powerful Owl. A dominant feature of the landscape. Significant because of its scale, hydrologic, ecological and amenity value, and iconic community status.

Cataract River

A, FL, LE (PS), RCT V1,FP1,B1,DF1/D
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Large tributary to the Nepean River. Important to Sydney water supply because of Cataract Dam and Broughtons Pass Weir. Water quality shows elevated nutrients and elevated levels of
aluminium, zinc and iron. Threatened species have been recorded. Lower reaches in developed land and previously undermined. Upper reaches, steep, confined sandstone gorge in SCA
Special Area and largely undisturbed. Large in-stream pools, boulder fields, cascades and waterfalls dominate physical form and visual amenity. Significant because of its scale, hydrologic,
ecological and amenity value and iconic community status.

O'Hares Creek

A, FL, LE (PS), PoA V1,FP1,B1,DF1/D | 7. | B,P,R,RB,RS,
47 | 4| 17 P (M| - | - | - - - M - Y | Hs DSCA | O we
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Major tributary of Georges River. Threatened species recorded. Some limited land clearing and development in upper catchment otherwise undisturbed. Part of SCA Special Area, Dharawal
State Conservation Area, Dharawal Nature Reserve and Holsworthy Military Area. Zoned as Water Catchment. Limited sampling suggests some high metal concentrations. Confined sandstone
gorge. Pools, rock shelves, rock bars, boulder fields, cascades and waterfalls dominate physical form and visual amenity. Dense concentration of swamps in unnamed southern tributaries and
lluka Creek. Significant because of scale, permanent flow, connectivity with swamps, hydrologic and ecological value, environmental quality and recognised conservation status.

Wallandoola Creek

M _ _ 15 ) _ _ _ p v | a0 V1,FP1,B1,DF1/D 13
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Large tributary of Cataract River. Permanent flow contributes to water supply via Broughtons Pass Weir. Some previous subsidence in upper catchment otherwise undisturbed. Limited data
suggests excellent water quality. Part of SCA Special Area. Zoned as Water Catchment. . Steep, confined sandstone gorge with pools, narrow elongated rockbars, rock shelves, cascades,
waterfalls and boulder fields. Significant because of scale, hydrologic value, and the environmental quality of its physical form and pristine setting.

Streams have been ordered by catchment area (representing scale of the stream) except where reaches of the same stream or similar streams are grouped.

Acronyms and abbreviations are listed in Appendix PC of the EA and summarised on the following pages. Some attributes have been summarised —original data can be seen in Appendix PB of the EA
Description of stream values is a compendium of information from the Table, the EA, the GIS data provided in support of the EA and from PAC members’ own observations and knowledge.

Water quality issues are noted in the comments. Details of water quality observations are in Appendix C of the EA but were not included in Appendix P.
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Table 11 (cont):

Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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Large tributary of O’Hares Creek. Permanent flow except in upper reaches. Some subsidence effects already experienced in lower catchment; upper catchment largely undisturbed. Part of
SCA Special Area and Dharawal State Conservation Area. Zoned as Water Catchment. Limited data suggests good water quality except for elevated Aluminium and Zinc. Steep, confined
sandstone gorge with pools, rockbars, rock shelves, cascades, waterfalls and boulder fields and a dense collections of swamps in and adjacent to the waterway in the upper catchment.
Significant because of scale and hydrologic value and (in the upper catchment) the environmental quality of a largely pristine sandstone gorge with dense concentration of swamps.
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Major river. Already undermined downstream of Study Area and includes urban, agricultural and industrial land uses. Receives discharge from coal waste disposal area via Brennans Creek.
Variable water quality influenced by runoff from Brennans Creek emplacement and other mining and agriculture includes elevated salinity, pH, nutrients and metals. Threatened species have
been recorded. Steep, confined sandstone gorge with large pools. Significant because of scale, physical form and amenity value to local community.
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21

5

5.6

P M - = 10

A

Y

9.0

V1,FP1,B1,DF1/D
F3/DF6(u/s)

46

B,P,R,RB, RS,
W

N

HS

M

wcC

Large tributary of Cataract River. Permanent flow contributes to water supply via Broughtons Pass Weir. Limited data suggests good water quality. Previous subsidence upstream of Study
Area shows impacts on creek, otherwise catchment undisturbed. Part of SCA Special Area. Zoned as Water Catchment. Very steep, confined sandstone gorge with pools, narrow elongated
rockbars, rock shelves, cascades, waterfalls and boulder fields. Significant because of scale, hydrologic value and the environmental quality of its physical form and largely pristine setting.
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Table 11 (cont):

Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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rib to Navigation 11 | 3|22 e || - | - | - - REF - SM - / 60 N/D Yy | we - - AL R
Creek 4 5
Trib to Navigati V3,FP3,82/B3,DF
rib to Navigation 03|16 - |L| - |- | - F - - SM - / 2 N/D Yy | we - - AL R
Creek 5 >
Matahill Creek 37 [ 327 e | L] - | - | - = REF . SM - VZ'FPZ'iZ/Bg'DF 75 N/D Y | we - - R
Foot Onslow Creek s6 | 3| selpPneE|H| - |- | - A REF . SM | VS'FT;?J'ESZ/ B3 | 17 N/D Y | we - - R

Drains a cleared section of the Nepean River catchment used mainly for grazing livestock. Steep streams in clay and alluvium flowing across Wianamatta Shale. Limited riparian vegetation
includes examples of endangered River-flat Eucalyptus Forest. No water quality data reported. In current state, low ecological and visual values, low environmental quality. Hydrological value
limited to local stock and domestic supplies and drainage.

Dahlia Creek Reach 1 14 3| 29 I-E M - = = A = = P = Vl'FPFl?:/B;;[éFl/D 21 B, P, R, RB, RS Y HS DSCA (0] wcC
Dahlia Creek Reach 2 2.8 2| 3.6 I-E L = = = A = = = P = V2,FP21,}3[2)I.éBZ,DF 22 B.P, R{AF;B' RS, Y HS DSCA (0] wcC

Major tributary of O’Hares Creek. Classified as intermittent-ephemeral on basis of 1:25,000 mapping. Very limited data suggests excellent water quality. No threatened species recorded but
likely to be present. Small patch of cleared and developed land in upper catchment: otherwise undisturbed. Part of SCA Special Area, Dharawal State Conservation Area and undisturbed parts
of Holsworthy Military Area. Zoned as Water Catchment. Confined, smaller scale sandstone gorge. Pools, rock shelves, rock bars, boulder fields, cascades and waterfalls dominate physical
form and visual amenity. Significant because of hydrologic and ecological value, quality of the pristine environment and location within areas of recognised conservation status.
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Table 11 (cont):

Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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2.0 3 2.3 I-E L - - - - - - - SM - 21 N/D Y WG - - AL
Creek 1 2/B3,DF4/DF5 /
Trib to Racecourse V2,FP2,B82/B3,DF
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These creeks drain a cleared section of the Nepean River catchment used mainly for grazing livestock and some semi urban development. They are steep streams in clay and alluvium flowing
across Wianamatta Shale. Piecemeal riparian vegetation includes examples of endangered ecological communities. No water quality data reported. Proximate to urban communities in Picton
but in current state exhibits low ecological and visual values and low environmental quality. Hydrological value limited to local stock and domestic supplies and drainage.

Cascade Creek

110 | 3 | 51 | P/IKE | M| - - 5 A’FFL’ SST - - P - Vl,FPl,?;,DFl/D 40 B, P, RB, W N HS - M \\'/e

Tributary of Cataract River. Contributes directly to Broughtons Pass Weir. Classified as intermittent-ephemeral on basis of 1:25,000 mapping. Creek line is largely undisturbed but part of ridge
to the west is cleared for agriculture. Limited data suggests good water quality apart from high zinc and very high iron. Part of SCA Special Area. Zoned as Water Catchment. Steep, confined
sandstone gorge with pools, narrow elongated rockbars, cascades and waterfalls. Significance is hydrologic value, and the environmental quality of its physical form and pristine setting.

Allens Creek

Clements Creek

Stringybark Creek

Byrnes Creek

10 |4|68)PuE|L| -] - | - F 5 5 BCH Ei:; GFF M . VZ’FPZ'E‘;’DH/D 14 | B,P,R,RB,SB,V | Y HS = . R

13 [ 3| 15) k€ |L| - | - | - A 5 5 = M . Vl’Fpl'F:;’DFl/D 29 B,P,RB, S Y HS = . R
V1/V2,FP2,B1,DF

40 | 3| 24 1-E |L| - | - | - F 5 5 = M . e 31 ] B,PRB,SB,V % HS R
V1/V2,FP1,B1,DF WG/

39 (3|16 ] 1KE |L| - | - | - . SST 5 = M . By, 42 B, P, RB, S % Hs = . R

These tributaries to Nepean River dissect a plateau of Wianamatta Shale in the south west of the Study Area. Classified as intermittent-ephemeral on basis of 1:25,000 mapping. Creeks are
incised through shale into underlying sandstone. Plateau areas are developed for agriculture and residential use (and Appin West pit top) but incised creek lines remain largely uncleared.
Water quality in Allens Creek is poor and shows high levels of metals, Arsenic and Cyanide. Riparian vegetation is substantially intact except weeds have encroached. Creeks and environs
provide habitat refuge in otherwise developed landscape. Threatened species (Black-chinned Honeyeater, Grey-headed Flying Fox) have been recorded. Endangered ecological communities
are present in the riparian zone. Creek beds in sandstone comprise’ rockbars and boulder-fields controlling numerous pools. Ecological significance is as a vegetation remnant and habitat
refuge in an otherwise developed landscape. Environmental quality and visual amenity are enhanced by the physical form of the stream and its setting in an otherwise developed landscape.
At the same time, environmental quality is constrained by adjacent development. Hydrologically the creek and the riparian zone act to retard flow peaks and to filter particulates, organic
matter and other contaminants from agricultural, urban and industrial runoff into the Nepean River. Proximity to development may highlight community interest.
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Table 11 (cont):

Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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Approximately 4 km of the upper Woronora River is within the Study Area adjacent to Dahlia Creek to the west and Waratah Rivulet to the east. Woronora River contributes to Sydney’s water
supply via Woronora Reservoir. Limited sampling suggests very good water quality with occasional spikes of high total iron. Threatened species have been recorded. The river and its upper
catchment are undisturbed and part of an SCA Special Area. Confined sandstone gorge: pools, rock shelves, rock bars and boulder fields dominate physical form. Swamps flank the lower
order sections of the river and its tributaries. Significant because of hydrologic value, and the environmental quality of its physical form and pristine setting.

Elladale Creek
Ousedale Creek
Mallaty Creek

Simpsons Creek

7.7 3|15 I-E L = = = A SST = = M Y| 33 vLFPl'E;'DFl/D 42 B,P,RB, S Y HS = = R

5.1 4 | 2.7 I-E L - - - F REF, SST - - M Y| 51 VZ’FPi}BD]%/?’BZ'DF 35 B, P, R, RB, RS Y HS = = R, SU
3.3 3| 20 I-E L = = = = SST = = M Y| 0.2 VZ’FPZ':?;’DF]'/D 33 B, P, R, RB, RS Y V\IfI(S;/ = = NU, R, SU
3.9 3] 08 I-E L = = = A SST = = M Y| 22 V1,FP1,I:1,DF1/D 64 B, P, RB Y HS = = R

These are eastern tributaries to Nepean River. Upper reaches flow on Wianamatta shale but some reaches closer to the Nepean River are incised into sandstone. Surrounding areas are
developed for agricultural, industrial and residential use. Classified as intermittent-ephemeral on basis of 1:25,000 mapping. Poor water quality with high levels ofnutrients and metals. In
some reaches riparian vegetation is substantially intact except weeds have encroached and width of remnant riparian vegetation is variable. Endangered ecological communities are present
in the riparian zone. Creek beds in sandstone comprise ‘ rockbars and boulder-fields with pools. Elsewhere valley ids shallow and bed and bank material is clay or alluvium. Photos show poor
water quality. Ecological significance is as a vegetation remnant and habitat refuge in an otherwise developed landscape. Environmental quality is constrained by adjacent development.
Hydrologically the creek and the riparian zone act to retard flow peaks and to filter particulates, organic matter and other contaminants.

Punchbowl Creek

Trib to Punchbowl Ck

6.1 3|18 P/IKE | M| - = = = = = = P = V1,FP1,I;;.,DF1/D 55 B, P, RB, RS, SB Y HS = = wcC
4.5 3| 06 I-E I: = = = = = = = P = V1,FP1,B1,DF1 61 N/D Y HS = = wcC

Tributaries of the Georges River. Adjacent to Woronora River. The creeks and catchments are undisturbed and part of the Holsworthy Military Area. Confined sandstone gorges: pools, rock
shelves, rock bars and boulder fields dominate physical form. Significance from the environmental quality of physical form and pristine setting.

150




Table 11 (cont):

Stream Attributes Grouped to Assist Interpretation of Stream Values

SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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These are northern tributaries to Nepean River. Upper reaches flow on Wianamatta shale but some reaches closer to the Nepean River are incised into sandstone. Water quality in Harris
Creek shows low DO and elevated levels of nutrients, aluminium, copper and zinc. Surrounding areas are developed for agricultural, industrial and residential use. Classified as intermittent-
ephemeral on basis of 1:25,000 mapping. In some reaches riparian vegetation is substantially intact except weeds have encroached and width of remnant riparian vegetation is variable.
Endangered ecological communities are present in the riparian zone. Creek beds in sandstone comprise ‘ rockbars and boulder-fields with pools. Elsewhere valley is shallow and bed and bank
material is clay or alluvium. Ecological significance is as a vegetation remnant and habitat refuge in an otherwise developed landscape. Environmental quality is constrained by adjacent
development. Hydrologically the creek and the riparian zone act to retard flow peaks and to filter particulates, organic matter and other contaminants.

Trib to Cataract
Reservoir 2
Trib to Cataract
Reservoir 1

V2,FP2,B1,DF6/D

42 | 3|23 KE L] - | 3] - A 5 5 = P . F1 36 B, P, RB, RS N HS = M wC
V2,FP2,B1,DF1/D B, P, R, RB, RS,
27 [ 3|12} 1 |L| -] 2] - F 5 5 GFF (PS) P . b 50 W N HS M wC

These creeks contribute flow directly into Cataract Reservoir. Threatened species have been recorded. Catchment and creeks undisturbed and in SCA Special Area. Zoned as Water
Catchment. Sandstone gorge but less confined than other examples in region. Pools, rock shelves, rock bars, boulder fields and waterfalls dominate physical form but discontinuous
floodplains and adjacent swamps are also present. Dense concentration of swamps along the drainage lines of the upper catchments. Significant because of hydrologic and ecological values
and the environmental quality of its pristine setting and the physical form associated with the less confined valley including dense associations of flanking and in-stream swamps.

Wallandoola East
Creek

V1,FP1,81,DF1/D

r3 HS ° M wcC

4.0 3| 26 I-E L ° = 2 A, FL = = ° P Y| 1.2 43 N/D N

Small tributary of Cataract River. Contributes to water supply via Broughtons Pass Weir. Undisturbed catchment. Part of SCA Special Area. Zoned as Water Catchment. Steep, confined
sandstone gorge expected to exhibit pools, rockbars, rock shelves, cascades, waterfalls and boulder fields. Significant because of hydrologic value, and the environmental quality of its physical
form and pristine setting.
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Table 11 (cont): Stream Attributes Grouped to Assist Interpretation of Stream Values

STREAM NAME SCALE HYDROLOGIC VALUE ECOLOGICAL IMPORTANCE ENVIRONMENTAL QUALITY AMENITY VALUE SETTING
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Tributaries of O’Hares Creek. Classified as intermittent-ephemeral on basis of 1:25,000 mapping. Threatened species recorded in Cobbong Creek. Undisturbed catchment. Part of SCA Special
Area, Dharawal State Conservation Area. Zoned as Water Catchment. Confined, smaller scale sandstone gorges. Pools, rock bars, boulder fields and waterfalls dominate physical form and
visual amenity. Significant because of hydrologic and ecological value, environmental quality associated with the physical form and the pristine setting and location within areas of recognised
conservation status.

V2,FP1,B1,DF1/D

Trib to Cataract R 2 1.8 3 (01 I-E L ° = 1 = SST = ° M Y | 0.9 ’ ‘F3I / 33 N/D N HS ° M wcC
V1,FP1,B81,DF1/D

Trib to Cataract R 1 1.5 3|03 I-E L - = 1 = - - - P Y| 05 ’ ‘F3I / 43 N/D N HS - M wcC

Small tributaries to Cataract River. Listed as 3rd order streams but features not mapped in EA. Tributary 2 is in cleared land probably similar in characteristics to Elladale Creek. Tributary 1
has an undisturbed catchment with upland swamps, probably similar in characteristics to Cataract Reservoir tributary 1 and 2.

Source: Attachment PB of Appendix P of the EA.

Legend: B = Boulderfield. I = Island. P = Pool. R = Riffle. RB = Rockbar. RS = Rockshelf. S = Sediment. SB = Sandbar. V' = Vegetated Drainage Line. W = Waterfall. N/D = Not determined.
Valley Type: V1 = Confined. V2 = Partially Confined. V3 = Alluvial. Floodplain Development: FP1 = No floodplains. FP2 = Irregular floodplain and floodplain pockets less than 25% of stream
fringed by floodplains. FP3 = Moderate floodplain development — between 25% and 75% of stream fringed by floodplains. FP4 = High floodplain development — greater than 75% of stream
fringed by floodplains. Bed Materials and Mobility: B1 = Bedrock comprising rock outcrop or boulderfield beds with no or minimal/infrequent mobile sediments in some sections. B2 = Sand bed
comprising cohesionless sandy sediments. B3 = Cohesive bed comprising silty, sandy bed materials with significant cohesion and/or organic materials. Dominant Physical Features: DF1 = Pools
and rockbars and chutes. DF2 = Cascades and waterfalls. DF3 = Boulderfields. DF4 = Pools and riffles in alluvial/mobile streams. DF5 = Uniform streams with no or insignificant pool
development. DF6 = Swamps and/or chain of ponds wide shallow streams with significant in-stream vegetation and persistent swamps or wide shallow pools with ill defined channels.
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7.6. SIGNIFICANCE OF THE VALUES

The comments in Table 11 provide the Panel’s preliminary interpretation of the data and give
a description of the stream related values and the significance of the values for each group of
streams. This is a useful start but it is the change in value as a consequence of mining-
induced impacts that is the important consideration for acceptability. The approach described
in Section 7.3 indicates one exception to this. If a natural feature achieves °special
significance’ status then its value is elevated to the point where it automatically receives
special consideration for protection that would ensure negligible change in its values from the
impacts of mining.

The EA does not assign special significance to any of the rivers or creeks in the Study Area

although it does make the suggestion that®**:

‘Based on the Metropolitan PAC Report’s description of special significance, the
authorities may consider the Nepean River as a stream that warrants special
significance status.’

The Panel has addressed the question: are there other rivers and streams in the Study Area
that cross the special significance threshold either for individual values or in consideration of
the sum of several values? The comments in Table 11 suggest a number of possible
candidates. The candidates comprise the rivers and creeks that flow in the largely
undisturbed confined sandstone gorges mainly in the south and east of the Study Area and all
in the Hawkesbury Sandstone or major streams classification of Section 7.1 and Figure 27.

7.6.1. Assessment of Significance by SCA

In responding to the Panel’s questions, the SCA has provided the following rationale for
rating the value of watercourses within its area of control:

‘Cataract River (from the Cataract Dam wall to the full supply level of Broughtons Pass
Weir)

........ is of ‘special significance ** for the following reasons:

e This section of river is a key component of the Sydney water supply system as it is used to
transfer raw drinking water from Cataract Dam to Broughtons Pass weir;

e This section of the river is largely in pristine condition — due in part to its classification
as a Schedule 1 Special Area where public access is prohibited unless prior approval
from the SCA has been obtained;

e While the flow in this section of the river is significantly affected by releases from
Cataract Dam, the SCA releases a minimum of 1.3 ML/d for environmental purposes and
it is important that this flow is protected and reserved for the purpose for which it is
released. From July 2010 the environmental flow releases from the dam will be
dependent upon inflows to the dam (80th percentile transparent flows and 20 percent

29 EA Appendix P, p.P-14.
20 special significance’ being as defined in the Metropolitan PAC Report, DoP (2009a).
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translucent flows) — and consequently the minimum release from the dam is expected, on
average, to be greater than the current minimum release; and

e A significant waterfall — known as the Appin Falls — is located on this section of the
river. Within the Project area Appin Falls is the largest waterfall, the top of the falls is
the largest rockbar and the pool at the base of the falls is understood to be the deepest of
any pool. It is also understood that the Appin Falls is the largest falls on the entire
Woronora plateau.

Other features/values of the Cataract River are:
e the river is a 6th order stream;
e the catchment is very large - 220 square kilometres;
e the river flow is permanent;
¢ the high importance to catchment yield;
e the very high significance to water supply;
e the water quality is very good;
o the presence of 2 threatened species;
e the presence of a large number of rockbars and pools; and

e the relatively shallow depth of cover 2.

The SCA has also listed rationale for seeking high levels of protection for other watercourses
as follows:

Lizard Creek, Wallandoola Creek and Cascade Creek (for their full length) —

“Negligible” environmental consequences................ because:

‘they are all at least 3rd order streams — Lizard Creek is a 5th order stream;
e the collective catchment is large — 64 square kilometres;

e the flow in each watercourse is permanent and/or there is permanent water;
e the moderate importance to catchment yield;

e the high significance to water supply;

o the water quality is very good;

e they drain to the section of the Cataract River which flows to Broughtons Pass Weir and
therefore there is minimal buffering opportunity before water reaches a critical water
supply off take; the presence of a large number of rockbars and pools; and

o they are all largely pristine .

Cataract River Tributary 1 and Wallandoola East Creek (for their full length) -

%1 SCA (2010), p.7.
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........... “negligible” environmental consequences............. because
e they are 3rd order streams;
o the water quality is very good;

e they drain to the section of the Cataract River which flows to Broughtons Pass Weir and
therefore there is minimal buffering opportunity before water reaches a critical water
supply off take; the presence of a large number of rockbars and pools; and

e they are pristine.

Cataract Reservoir Tributary 1 and Cataract Reservoir Tributary 2 (3™ order sections)

........... “negligible” environmental consequences............. because

e they are 3rd order streams;

e the flow in each watercourse is permanent and/or there is permanent water;
e the water quality is very good;

e they drain direct to Cataract Reservoir;

e the quality and quantity of water flowing from these watercourses is predicted to decline
as a result of mining and this will have a direct impact on stored waters;

e there is strong nexus with swamps;
e the presence of a large number of rockbars and pools; and

e they are pristine.

Woronora River (tributary downstream of the crossing of Fire Trail 14 and adjacent to the
northern end of Longwall 19 — and 3" order tributary downstream of Longwall 18)

- “Negligible” environmental consequences............. because

e the flow in the Woronora River is permanent;

e there is strong nexus with swamps for Woronora River;
¢ the high to moderate importance to catchment yield;

e their moderate significance to water supply;

e the water quality is very good;

e the presence of a large number of rockbars and pools;
o the presence of 2 threatened species; and

o they are pristine. 2%

%2 SCA (2010), pp.8-9.
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7.6.2. Significance of Hydrologic Values and Amenity Values

‘Use values’ refer to functions provided by stream systems, such as water supply, ecosystem
services and visual amenity and recreational opportunity.

7.6.2.1. Water supply

All those streams located within Special Areas declared under the Sydney Water Catchment
Management Act are significant for their water supply function. Those that are 3" order and
above have been noted in Table 11 and in the extracts of the SCA response to include:

e Cataract River

e (’Hares Creek

e Stokes Creek

e Dahlia Creek

e Cobbong Creek and Tributaries 1 & 2 to O’Hares Creek
e Woronora River and tributaries

e (Cascade Creek

e Wallandoola Creek

e Wallandoola East Creek

e Lizard Creek

e Cataract Reservoir Tributaries 1 & 2

In its response to the Panel’s questions, the SCA explained:

‘The Special Areas are declared for their value in protecting the quality of the raw
water used to provide drinking water to Sydney and for their ecological integrity. The
Special Areas are a critical barrier in a multi-barrier approach to protecting water
quality. They act as a filtration system for water entering water storages by reducing
nutrients, sediments and other substances that can affect water quality. The greater
the ecological integrity of the Special Areas, the more effective their role as a
barrier. 2%

The Panel agrees with the SCA proposition that the Cataract River from the Cataract Dam
wall to the full supply level of Broughtons Pass Weir meets the criteria for ‘special
significance’ status. The Panel concludes that the water supply function of the other streams
in the preceding also warrants prima facie a level of protection that underwrites the capacity
of these watercourses to continue to provide that function.

%3 SCA (2010), p.7.
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7.6.2.2. Amenity Value

Other ‘use values’ include recreation and visual amenity. The Panel has concluded that these
values contribute to the iconic status of the Nepean River and support the proponent’s
suggestion of special significance status for that stream. The Panel has concluded that
amenity values are currently limited by lack of access to the SCA Special Areas and other
more remote parts of the Study Area, and that amenity value does not therefore support
special significance status in other streams at this time.

7.6.3. Significance of Ecologic Values and Environmental Quality

Ecological values and Environmental quality are ‘non-use’ values that recognise the
contribution that a stream makes to biodiversity and ecological integrity. Non-use values
include the more abstract notions of existence value and option value.

7.6.3.1. Naturalness

Non-use values rely heavily on the concept of the condition or the ‘health’ of the stream.
High ecological value or high environmental quality requires good stream condition. There
are numerous approaches to assessing overall waterway condition in use in Australia®®*
Relevant examples include:

e Sustainable Rivers Audit (Murray Darling Basin Authority)

o State of Rivers (Queensland, NSW)

e Pressure Biota Habitat Approach (NSW)

¢ Index of Stream Condition (Victoria)

e National State of the Environment Reporting (Commonwealth)

e Assessment of River Condition (Commonwealth)

As stated in the Metropolitan PAC Report:

‘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’. 265

In assessing condition and devising a relative condition ranking, each of the above
approaches either implicitly or explicitly uses a naturalness template as a desirable reference
point. This is also the case for more rigorous assessment techniques such as AUSRIVAS?®®,
The inevitable conclusion is that in Australia, ecological and environmental quality values of
streams remain closely linked to templates of naturalness.

%4 CRC (2001).
5 DoP (2009a).
288 http://ausrivas.canberra.edu.au/index.html
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Description, data and mapping (summarised in Table 11) identifies a number of creeks within
the Study Area that would score highly against a naturalness template at least for
observational attributes such as physical form and vegetation. Those that are 3™ order and
above include:

e (’Hares Creek

e Stokes Creek

e Dahlia Creek

e Cobbong Creek and Tribs 1 & 2 to O’Hares Creek
e Woronora River and tributaries

e Punchbowl Creek and tribs

e (Cascade Creek

e Wallandoola Creek

e Wallandoola East Creek

e Lizard Creek

e Cataract Reservoir tributaries 1&2

e Upper Georges River

Of these, O’Hares Creek and its tributaries including Stokes and Dahlia Creeks are also
within the Dharawal State Conservation Area.

There are small areas of disturbance in most catchments including roads and some limited
activity associated with mining. There is also a small section of cleared land in the
headwaters of O’Hares Creek. None of these is likely to have a noticeable effect that would
detract from naturalness values in the waterways.

The naturalness value of Lizard Creek is diminished by the effects of previous mining
upstream in its catchment. In the Cascade Creek catchment, some areas of the ridge to the
west have been cleared for agriculture and water quality measurements suggest Cascade
Creek may be less than pristine.

The conclusion is that at least O’Hares Creek, Stokes Creek, Dahlia Creek, Cobbong Creek,
Tributaries 1 & 2 to O’Hares Creek, Woronora River and tributaries, Punchbowl Creek and
tributaries, Wallandoola Creek, Wallandoola East Creek and Cataract Reservoir Tributaries
1 & 2 would rank very highly in any assessment of condition that is referenced to naturalness
and therefore in assessments of ecological value and environmental quality.

Assessment of special significance status depends on how important and how rare this
condition is in a regional and national context. To gauge that, the Panel has referred to the
national assessment of the condition of streams®®’ which indicates in Table 12 that
naturalness is a rarity in Australian rivers. Using an index of aquatic biota (ARCpg)
approximately one third of the river length assessed in Australia is classified as impaired with
almost a quarter having lost at least 20 percent of the different kinds of aquatic invertebrates

7 Norris et al (2001).
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that would be expected to occur under natural conditions. An index of environmental
features (ARCg) shows that over 85 percent of the river length assessed is significantly
modified from the original condition. Nineteen percent of the river length assessed is classed
as substantially modified. With only 3% of rivers classified as ‘largely unmodified’, New
South Wales has the greatest percentage of modified river.

More specifically in the Hawkesbury Nepean Catchment, a 2005 audit of the Sydney drinking
water catchment®® identified a decline in ecosystem health in the catchment above the
drinking water storages since the 2003 Audit?®®. The 2005 Audit found that generally above
the dams:

e water quality has the potential to affect ecosystem health
e number and diversity of macroinvertebrates is low

e native fish species diversity is poor and there is a high proportion of exotic fish above
water supply dams.

Table 12: Assessment of River Condition?™

The Assessment of River Condition in the area assessed.

Scale ARCy ARCy
Largely Moderately  Substantially  Severely Reference Significantly  Severely Extremely

Unmodified Modified Modified Modified Impaired Impaired  Impaired
National 14% 66% 19% =0.1% 69% 23% 6% 2%
200,118 km
Qld. 13% 71% 16 0% 80% 17% 2% 0.1%
72425k
NSW " 3% 68% 29% 0% 51% 34% 13% 3%
59.533 km
AC l" ‘ 16% 71% 13% 0% 6% 20% 7% (1%
270 km
Vie. 200 59% 20% (% T7% 20% 3% 0.4%
15.750 ki
l'as. 37% 59% 4 0% 76% 200 3% 2%
5.586 km
S\‘ 4% 61% 35% 0% 83% 12% 1% 4%
9.668 kim
\\]{ 7% 78% 14% 0.1% 64% 299 6% 0.5%
25395k
N. 1'1. " 66% 34% 0% 0% 88% 10% 2% 0%
20.491 km

The Panel therefore concludes that the condition of O’Hares Creek, Stokes Creek, Dahlia
Creek, Cobbong Creek, Tributaries 1 & 2 to O’Hares Creek, Woronora River and tributaries,
Punchbowl Creek and tributaries, Wallandoola Creek, Wallandoola East Creek and Cataract
Reservoir tributaries 1 & 2 is both important and rare. On its own, the irreversibility of any
change in values that is based on naturalness makes these creeks strong candidates for special
significance status.

%68 DEC (2005).
289 \www.environment.nsw.gov.au/resources/sdwcfullreport.pdf
2% Reproduced from Norris et al (2001).
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7.6.4. First and Second Order Streams

A significant issue arising from the above discussions about water supply and naturalness is
that on the basis that scale is a contributing factor to significance, only streams larger than
third order have been chosen for application of risk assessment procedures in the EA. In
reality, the condition of third order streams cannot be divorced from the condition of their
first and second order tributaries or for that matter, the condition of the swamps that supply
their base flow. It follows that if any third order or larger stream qualifies for special
protection or special significance status on these grounds, then assessment of all of its
tributaries is required to determine whether subsidence-induced impacts could compromise
the protection status of the stream itself.

First and second order streams also provide the connectivity between upland swamps and the
larger streams. The upland swamps provide baseflow to these lower order connecting
streams and that maintains both continuity of flow and water of the highest quality. If the
larger stream is considered significant, and water quality is one of the important values, then
it makes no sense whatsoever to compromise both the flow pathway and the quality of the
water emanating from the swamp by allowing subsidence-induced damage to these
connecting sections of lower order streams. The value of the swamp-stream connection is
emphasised around the dense concentrations of swamps in the headwaters of Dahlia Creek,
O’Hares Creek and tributaries, Stokes Creek, Cataract Reservoir Tributaries 1 and 2, and
Woronora River and its tributaries.

7.6.5. Threatened Species and EECs

Although the Panel has concerns over the inadequacy of survey intensities for fauna and
flora®”*, nevertheless threatened species and endangered ecological communities (EECs) were
still recorded adjacent to waterways in the Study Area. There are listed in Table 13 and
Table 14. A report of a species or EEC can be cross-referenced to a particular creek by
reference to Table 11. These records add weight to the proposition that the creeks have high
ecological value.

7.6.6. Special Significance Status

The Panel has assessed qualitatively the considerations reported above, Table 15. A ‘tick’ in
Table 15 indicates a consideration assessed as carrying weight for that stream. While not
implying that each of the considerations in Table 15 is of comparable importance, the Panel
has reached the view that a number of streams in the sandstone gorge classification warrant
special significance status. These streams are shown shaded in the Table. In reaching this
view, the Panel has had regard to the Proponent’s reasoning regarding the iconic nature of the
Nepean River. It has also accepted the SCA propositions regarding the values of the Cataract
River between Cataract Dam and Broughtons Pass weir. The Panel has given weight to the
arguments that the high ecological and amenity values of the sandstone gorge creeks rely on
their naturalness and are irreversible, and has included all of the streams that ranked highly
by that criteria except Punchbowl Creek and tributaries and upper Georges River, where the
Panel found no other persuasive supporting arguments.

2! Chapters 6 and 8

160



Table 13: Threatened Species Recorded in or Adjacent to Streams

Threatened Species Streams where Threatened
Recorded Species have been Recorded
Sydney Hawk Dragonfly
Macquarie Perch .
. Nepean River

Large-footed Myotis .
Leucopogon exolasius Cataract River
. O’Hares Creek

Pomaderris adnata .
. Georges River

Pultenaea aristata
) Allens Creek
Black-chinned Honeyeater .
. Woronora River
Eastern Bentwing-bat .
Tributary to Cataract

Eastern Pygmy Possum .

Grey-headed Flying Fox Reservoir 2
Cobbong Creek
Koala
Powerful Owl
Red Crowned Toadlet

Table 14: Endangered Ecological Communities Recorded in the Riparian Zone

EECs Recorded Streams where EECs have
been Recorded
Nepean River
Cumberland Plain Woodland Georges River
(TSC Act) Navigation Creek
Matahill Creek
River-flat Eucalypt Forest on Foot Onslow Creek
Coastal Floodplains (TSC Act) Racecourse Creek
Apps Gully
Eastern Sydney Dry Rainforest Cascade Creek
in the Sydney Basin Bioregion Byrnes Creek
(TSCACct) Elladale Creek
Ousedale Creek
Sandstone/Shale Transition Mallaty Creek
Forest (TSC Act and EPBC Simpsons Creek
Act) Carriage Creek and tributaries
Tributary to Cataract
Reservoir 2
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The following sections of this Chapter describe the potential impacts and consequences for
these streams from the mining proposal and outline the Panel’s views on the acceptability of
these potential consequences.

Table 15: Summary of Considerations from Section 7.6

(Shaded rows represent streams that the Panel assesses as achieving special significance status.)

Consideration
S | 2lgg g
< c =A% < | =<|23|8
S8 <t 28 3 28|28 28
o202 L2 o o |53|2
S8 7EZ28| & | £c|B2|8t
= 2 5|8+~ NY | S E|mm
=7 8% 3| gl5e ¢
— n O |0 a |E
Nepean River \ \
Cataract River (dam to Broughtons Pass Weir) \ \ V
O’Hares Creek V vV v \ ‘/
Stokes Creek \ v \ v
Dahlia Creek \ v \ v
Cobbong Creek LY v
Tributaries 1 & 2 to O’Hares Creek v | W \ \
Woronora River and tributaries N | W N | W
Punchbowl! Creekand Tributaries V
Cascade Creek v \
Wallandoola Creek \/ )
Wallandoola East Creek N | A
Lizard Creek \
Cataract Reservoir tributaries 1&2 v | W N | W
Upper Georges River \/ \
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7.7. ExXPECTED IMPACTS AND CONSEQUENCES

This section addresses in general terms how the proposed mining will affect the stream values
discussed above. The next section assigns the impacts and consequences®’? to individual
groups of streams to discuss the significance and the acceptability of the consequences in
each case.

The impacts and consequences of longwall mining on rivers and streams have been discussed
previously in EA for the Metropolitan Coal Project, the SCI Report and the Metropolitan
PAC Report. The EA for the BSO Project addresses these issues in considerable detail in
Appendix A, Appendix C and Appendix P. Submissions to the PAC have added further
description and opinion. Across all these sources there is general agreement about the nature
and even the magnitude of impact, and some reasonable agreement about at least the nature
of consequences. Disparity in opinion grows around the magnitude, density and extent of the
consequences, the relationship of consequences to values, and the capacity for the
consequences to be effectively mitigated or remediated.

As described in the EA and earlier in this report, conventional subsidence manifests at the
surface as relatively shallow and spatially variable fractures resulting from tensile and
compressive strains. Along valley floors, experience demonstrates that non conventional
subsidence has the potential to generate more intense impacts with a much greater potential
for fracture connectivity and diversion of surface flow to the underlying strata.

It is broadly accepted in the EA and in public and agency submissions that when longwalls
mine beneath waterways in the Southern Coalfield, the potential consequences for
watercourses can include:

e visible fracturing of bedrock within the bed of the watercourse;

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

e |oss of water from pools;
e loss of low flows from the bed of the watercourse generally;
e increased concentrations of dissolved metals leading to:

o iron staining on rock;

o iron flocs and algal growth, and discoloration and opacity of water in pools and
downstream.

Data banks for some subsidence processes have grown to the extent that analysis can provide
useful empirical tools for predicting subsidence effects and impacts. However, no such
process-understanding or detailed data bank exists to allow quantitative prediction of the
magnitude, density or extent of consequences along a particular waterway. In part, this is
because the consequences are changes to values, some of which remain intractable to
quantification. Instead, acknowledging the imprecise nature of the predictive tools that are
available, the best indicator of the magnitude, density and extent of consequences relies on a
qualitative extrapolation of experience and observation from geologically and
topographically similar areas that have been subject to similar mining impacts. The
proponent and public and agency submissions have relied on this approach in describing the

272 As per the definition of these terms noted in Chapter 4.
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consequences of subsidence. The Panel too has had regard to examples of the magnitude,
density and extent of consequences from neighbouring areas to guide its assessment.

The following consequences have the most significant potential to impact on the values of
waterways in the Study Area.

e Draining of pools
e Loss of surface flows throughout the bed of the stream
e Loss of catchment yield and baseflows

e Iron staining, opacity and water quality deterioration
7.7.1. Draining of Rock Pools

Draining of rock pools results from cracking of a controlling rock bar or uplift and fracturing
in the valley floor leading to the development of other sub-surface flow paths away from the
pool. Loss of pools is described in Appendix A% and Appendix C?’* the EA and in public
and Agency submissions. The Panel notes that despite the emphasis in the EA on loss of
pools by cracking of controlling rock bars, in fact the mechanism need not be so specific.
Any new flow path away from a pool can lead to loss of water from the pool and this applies
equally to pools formed behind rock bars, riffles, boulder fields or any other channel feature.

Examples of pools where water levels have been affected by mining subsidence have been
inspected by the Panel and further examples are reported for Waratah Rivulet?” and the
Georges River’™®. Several other examples are referenced in the SCI Report and in a variety
of literature 2?"®%"% As an example in a neighbouring catchment, Figure 28 illustrates a
pool in Waratah Rivulet where water levels have been impacted by subsidence-induced
cracking.

2B EA, Appendix A, Section 5.2.3.2.

24 EA, Appendix C, Section 5.4.

275 EA for the Metropolitan Coal Project.
278 EA for Bulli Seam Operations Project.
7" Kay et al (2006).

"8 TEC (2007).

27 Jankowski et al (2008).
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Figure 28: Pool Water Level on Waratah Rivulet Impacted by Subsidence-Induced
Fracturing

Partial or complete loss of water from pools results in loss of stream values including
ecological values, environmental quality and visual amenity. The loss in value occurs
through changes in the wetting regime of the pool boundaries: rock and sediment forming its
bed and banks and in-stream wood; change in aquatic and fringing habitats and changes in
riparian and in-stream vegetation. The proponent acknowledges this to some extent by
proposing management measures that provide for grouting at all controlling rock bars where
diversion of flow occurs®. There is general acceptance that loss of water from pools will
have important consequences for stream values and so the existence of this consequence is
not further argued here although it is important to note that only 47% of pools mapped in
streams of third order and above are controlled by rock bars®".

An attempt is made in the EA to assess the likely magnitude, density and extent of pool loss
by simulating the behavior of pools under various assumptions of pool size, leakage rates and
catchment inflow characteristics®®’. The results are presented as comparative spells analyses
for periods where the pools are dry with and without the impact of the BSO Project. While
this is conceptually useful in understanding the range of behaviour mechanisms that may
occur, it fails to contribute meaningfully to an assessment of the consequences of the BSO
Project. This is because the scale of the project relative to the resolution of the analysis

20 EA Appendix P, Table P-5.
281 |ICHPL (2010b). Response to Question No. 52.
282 EA, Appendix C, Section 5.4.1.
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means that the assumptions remain uncorrelated with the characteristics of specific
waterways and catchments and the expected impacts. The results therefore remain generic.

The magnitude, density and extent of consequences to pool related values remain unknown.
However the magnitude of impacts elsewhere, with similar mine parameters, suggests
extreme caution is warranted. In the absence of other prediction models, the density and
extent of pool morphology in the Study Area must remain an important indicator of the likely
density and extent of consequences. Table 11 has already described the dominance of pools
in creek morphology in large parts of the Study Area. Figure 29 shows an example of the
complexity and the density of the pool morphology in the sandstone areas to the south and
east of the Study Area, and the importance of rock bars, rock shelves and boulder fields in
controlling the physical form of the waterways.

The Proponent proposes remediation through grouting of rock bars to restore stream values
associated with pools®®. The Panel considers that this technique can possibly be applied to
the remediation of selected values at specific locations. However, it remains unconvinced
about its wholesale application as a primary approach to protecting stream-related values in
the long term, particularly where the works themselves may have adverse consequences for
some of the values that the approach is intended to recover. This reservation is further
reported in Section 7.8.

%83 The Panel notes that only 47% of mapped pools are controlled by rock bars and remediation techniques have
not been demonstrated adequately for the other pool controlling features such as boulder fields.

166



il Boulder field
_‘ l=land
_‘ Pool

il Fitfle
_ﬂ,-r-"”f Fock Bar
il Rock Shelf
_‘ Sand Bar
_‘ Sediment
T g DL
il Miztertall

(a) Wallandoola Creek near Cataract River
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(b) Upper Woronora River

Figure 29: Examples of Complexity and Density of Pool Morphology in East and South of
Study Area”*

84 Source: Derived from GIS information provided to PAC.
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7.7.2. Loss of Surface Flows Stream Bed

7.7.2.1. Magnitude of Sub-surface Flow

Cracking of the valley floor means that water is potentially lost from the stream to the new
subsurface fracture network, not only at pools but along an entire length of impacted stream.
This can leave reaches of stream channel dry, or with reduced flows in all stream types
including boulder fields, rock shelves, rock bars, cascades and waterfalls.

Figure 30: Apparent Mining-Induced Loss of Flow in Lizard Creek

Mining-induced diversions with complete loss of flow over many hundreds of metres of
stream have been observed by the Panel in Lizard Creek and over shorter distances in
Waratah Rivulet and other channels. Figure 30 is an example of a section of Lizard Creek
that has been subsided and was dry on both occasions that Panel members have undertaken
aerial inspection (2009 and 2010), despite obvious flow upstream and downstream.

The magnitude of this consequence will depend largely on the hydraulic capacity of the new
subsurface fracture network compared to the flow characteristics of the waterway. In the
pool analysis presented in the EA®®, the scenarios considered a hydraulic capacity of the
fracture network of 0.05 ML/d in shale and 0.12 ML/d in sandstone for areas subject to small
subsidence effects, increasing to 0.5 ML/d in areas with moderate subsidence effects and up
to 1.5 ML/d in areas subject to large subsidence effects. Small, moderate and large are not

285 Appendix C Section 5.4.1
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defined in terms of subsidence parameters but the Panel considers that subsurface flows of
1.5 ML/d or more are possible following subsidence. The Panel notes, for example, that flow
monitoring data suggested that up to 1 ML/day was being diverted (post mining) via the
subsurface fracture network in some sections of the Georges River prior to remediation

initiatives®®,

7.7.2.2. Significance of Loss of Surface Flows

Diversion of flow of this magnitude away from surface flows and into the subsurface fracture
network is significant in terms of local stream flow in all but the largest rivers. This is
demonstrated by reference to standardised flow duration curves for stream gauging stations
on Stokes Creeks (GS 213204) and Woronora River (GS 2132101) as presented in the EA%®’,
(These stations were selected here because their catchment areas of 30 km? and 12.4 km?
respectively, are most relevant to impacted catchments.) Table 16 shows the proportion of
time that flow is currently less than 0.5 MI/d for catchments of 5, 10 and 20 km?, based on
data from the two stations. This therefore provides a rough indication of the proportion of
time that a stream would become dry if subsidence resulted in diversion of 0.5 MI/d into a
sub-surface fracture network.

This is a similar type of impact to that shown for Waratah Rivulet in the Metropolitan PAC
Report, where it was noted that:

“....In planning for water resources developments or water sharing plans or in

environmental flows assessments ... an increase of this magnitude in the frequency of
zero flow periods would not be acceptable *2%®

Table 16: Indication of % Time a Creek would be Dry if Sub-surface Flow was 0.5 ML/d

For catchments of 5 to 20 km? based on gauging data from two stations.

Catchment Area (km?) Approximate % of Time Flow < 0.5ML/d

Based on Data for
Based on Data for Woronora River u/s
Stokes Ck at Dam Site Dam
GS 213204 GS 2132101
5 50% 60%
10 30% 45%
20 20% 30%

7.7.2.3. Significance of Water Loss from Non-pool Stream Morphologies

26 EA, Appendix C, p.162.
7T EA, Appendix C, Figures 89 and 92
%88 DoP (2009a), p.58, Figure 18.
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The Panel is concerned that whilst loss of water from pools receives particular attention in the
EA and elsewhere because of its immediate visual impact, loss of flow in other sections of
the streams will also be important and may have equal or even more pervasive consequences
for environmental quality and ecological values. As part of its deliberations on this issue, the
Panel inspected reaches of stream channels consisting of boulder fields, riffles, rock shelves,
and vegetated and unvegetated sand and sediments. The Panel also reviewed a range of local
and international literature®®2%9212%2 degling with environmental flow assessments and with
impacts of changes in flow regime resulting from storage and consumptive use.

These documents make it clear that deviation from natural flow regimes has consequences for
ecological and environmental quality values in all stream morphologies. Reductions in
surface flows that lead to the drying of a perennial stream or to increased durations of zero
flow in an intermittent stream are shown to have highly undesirable consequences throughout
the whole length of affected stream — not just pools controlled by rock bars. The otherwise
natural flow regime in many of the streams in the Study Area increases the importance of the
current regime and the significance of any changes

The Panel notes that alteration of natural flow regimes of rivers and streams is recognised as
a key threatening process under the Threatened Species Conservation Act, the Environmental
Protection and Biodiversity Conservation Act and Fisheries Management Acts. Alteration of
habitat following subsidence due to longwall mining is also specifically listed as a key
threatening process in Schedule 3 of the Threatened Species Conservation Act 1995, largely
as a result of potential effects on aquatic and semi aquatic species through flow regime and
water quality consequences.

It is apparent that the range of stream morphologies along a waterway provides a range of
biotopes, each contributing to an integral habitat characteristic and diversity for the reach.
Boulder fields in particular offer important habitat opportunity because of the high wetted
areas of rock and vegetation surfaces, the complexity of micro-hydraulic patterns and the
cover and food and litter input from the vegetation which flourishes as part of the hydraulic
regime. They are also sensitive to changes in hydrology, with any reduction in low to
moderate flows having an immediate and substantial impact on water levels within the
boulder field because of the steep stage discharge relation that will exist within the myriad of
complex flow paths.

Boulder fields are the dominant morphology in some reaches of creek. Figure 31 is an
example in the lower reaches of Harris Creek where boulder fields predominate.

Given this range of pointers, it might be expected that an environmental assessment would be
explicit in exploring the link between hydrologic change and risks to ecological values at a
scale that recognized not only pools, but the range of biotopes associated with the dominant
stream morphologies. Despite extensive material addressing stream related consequences
and risks in (at least) Appendices A, C, D and P of the EA, the Panel was unable to find
convincing links from subsidence impacts and their hydrologic consequences to an
assessment of the risks of changes to the ecological values of stream biotopes associated with
the range of stream morphologies that will be impacted throughout the Study Area.

289 poff et al (2010)
290
VDNRE (2002)
1 Arthingtom et al (1998).
2%2 ARMCANZ (1996).
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Figure 31: Lower End of Harris Creek Showing Dominance of Boulder Fields®*®

7.7.2.4. Consequences for Environmental Quality

Environmental quality is a more abstract value that is also threatened when changes in the
surface flow regime affects the integrity of natural flora and fauna systems. The irreversible
consequences of changes to ‘naturalness’ values have already been discussed in
Section 7.6.3.1.

7.7.2.5. EA Risk Management Proposal

Despite scant recognition of threat to ecological and environmental quality values,
remediation of the stream bed between rock bars is proposed®® as part of the BSO Project but
only

‘...where remediation measures are considered technically feasible (e.g. where there
was pre-miming flow and the substrate is suitable for grouting) .

The EA does little to convince that remediation by grouting is a serious strategy anywhere
other than at specific rock bars. Despite some additional material presented by the Proponent
in the response to Panel questions, the Panel remains unconvinced about the wholesale
application of remediation as a primary approach to protecting stream related values (see
Section 0), and in any case the commitment in the EA (Table P-5) is so heavily conditioned
as to be ineffectual.

23 gource: Derived from GIS information provided to PAC.
24 EA, Appendix P, Table P-5
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7.7.3. Loss of Catchment Yield and Baseflows

Some parts of the Study Area contribute to the SCA water supply system (see Section
7.6.2.1) and to rivers where flows are managed for licensed extractions (e.g. Cataract River,
Georges River, Nepean River).

In their submissions, DECCW and SCA have highlighted the possibility that water may be
permanently lost to streams in the Study Area as a consequence of mine induced subsidence.
SCA presents a series of arguments that suggest this is a realistic concern. DECCW’s
concern is principally around potential loss of baseflow contributions from swamps and
reduction in the downstream baseflow that sustains licensed extractions during low flow
periods. The EA addresses these issues with a series of arguments, but they are based on
limited data and modelling.

Despite some minor variations, the situation on this issue has essentially not progressed since
the Metropolitan PAC Report , being at the time:

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
reliable guidance on the likelihood or otherwise of water loss from the catchment of
Woronora Dam, nor is this guidance 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 2%,

The Metropolitan PAC Report therefore relied on predictions of groundwater behavior to
limit its concern over potential loss of catchment yield. In the BSO Study Area, the Panel has
less confidence about predicted groundwater flow mechanisms because of the larger and
more diverse area involved, the lack of data to support modelling and the increased longwall
panel width. The Panel is therefore of the view that the issue of possible loss of catchment
yield is not resolved, and warrants further investigation.

7.7.4. lron Staining and Downstream Water Quality

An example of iron staining, discolouration and opacity in Lizard Creek, downstream of
longwall mining panels, is shown in Figure 32. As previously noted, iron staining results
from water-rock geochemical interactions. Stream water migrating along new sub surface
fracture pathways may dissolve iron bearing minerals like siderite, hematite and marcasite
which are known to be present in the Hawkesbury Sandstone. When this water emerges back
to the surface, iron precipitates in the form of oxy-hydroxides leaving characteristic orange
and red staining.

2% DoP (2009a), p.50.
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Figure 32: Iron Staining, Discolouration and Opacity of Water Downstream of Subsided
Area, Lizard Creek

The Panel members have observed iron staining frequently during their field and aerial
inspections associated with the BSO Project and with previous Inquiries. On a number of
occasions, the attention of the Panel members has been drawn to what is purported to be
examples of natural iron staining. The Panel accepts that iron staining can have natural
causes, however it has yet to be presented with information that confirms these examples
were natural. The scale, location and, in some instances, the intensity of the iron staining that
Panel members have observed prompted the Panel to map the sites of these observations
together with sites that it could interpret from the stream photo base provided by ICHPL.

The outcomes, which need to be validated by ‘ground truthing’, are shown in Figure 33. The
Panel has concluded that there appears to be a strong correlation between past mining
activities and iron staining. Some of the iron staining shown in Figure 33 correlates with
mine workings not shown on the Figure. An overview suggests these are generally 3™ order
and higher streams and include Wallandoola Creek (upper reaches), Lizard Creek, Stokes
Creek, Waratah Rivulet, parts of Ousedale Creek and Elladale Creek. Most of the stain areas
are in proximity to historical mining operations, are in Hawkesbury Sandstone terrain, and
are associated with incised valleys. Isolated stain occurrences located in the upper reaches of
O’Hares Creek and Woronora River are remote from existing mining, but may still be
associated with far field movements of the rock strata.
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Fe staining (approx. location)
= BSO Extent of mining

Figure 33: Approximate Distribution of Iron Staining as Mapped by the Panel*®*

During periods of low or intermittent stream flow, the presence of iron oxidising bacteria
often results in the growth of bacterial mats on submerged litter and plants. Figure 32 and
Figure 34 show examples of iron staining on Lizard Creek and Stokes Creek, respectively,
both sites being downstream of past longwall panels extracted more than a decade ago.

Panel members have also noted water to be discoloured and opaque for considerable
distances downstream of mine workings, but not upstream. The Panel inquired into this when
assessing the Metropolitan Coal Project and was advised the dissolution of marcasite or iron
oxy-hydroxides can lead to green opacity of water and algal blooms in rock pools
accompanied by dissolved oxygen and related eco-toxic impacts®".

In response to Panel questions regarding the BSO Project, SCA has advised that manganese
dissolution and precipitation accompanies iron dissolution and that:

‘During rainfall events, acidic rain water and surface run-off re-mobilises iron and
manganese oxides and hydroxides, eroding them from the streambed and dissolving
them from floating mats and returning these metals again to the aquatic system to
cause further pollution downstream (Figures 4 and 5). During high water stages
when turbulent flow prevails, iron mats are washed from pools and meanders where
they have been immobile during low flow conditions, resulting in further
contamination as they are dissolved in acidic conditions.

2% Mapping needs to be confirmed by ground truthing.
27 DoP (2009a), p.60.
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Experimental studies in the Waratah Rivulet showed that rainwater is able to completely
remove iron/manganese precipitates (Figure 6) increasing their concentration during and

after rainfall event. The dissolved phases of iron and manganese are transported into
»298

Woronora storage causing significant increasing loading of these metals

Figure 34: Example of Bacterial Mat and Discoloration of Pooled Water, Stokes Creek

The frequent occurrence of staining and the spatial relationship to historical mining leads the
Panel to conclude that iron staining and impaired water quality are inevitable outcomes of the
proposed mine plan.

The Panel also considers there is a possibility of iron staining within stream beds in areas
dominated by Ashfield Shale. However the generally more subdued topography associated
with drainages in shale terrain suggests the extent and intensity of subterranean cracking
along stream channels is likely to be lower than for sandstone terrain and as such, diverted
flows and iron staining may be less common.

The EA predicts that iron staining will occur as a result of subsidence in many creeks
throughout the Study Area. The Panel considers there is strong evidence that growth of
bacterial mats, opacity and the deterioration in water quality accompany iron staining and that
these impacts may persist for long periods. The EA makes no attempt to assess the likely
consequences of iron staining, bacterial mats, opacity or deterioration in water quality on
stream related values. The Panel is of the view that the consequences of iron staining,
opacity, bacterial mats and deterioration of water quality has potentially significant
consequences for hydrologic values (water quality), ecological values, environmental quality
and amenity value as further described in Section 7.9.

2% SCA (2010), p.17, response to Question No. 6.
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7.8. REMEDIATION

The EA indicates in Appendices A, C and P that the general nature of the impacts and
consequences described above is acknowledged by the Proponent. In response, it is proposed
in the EA?®® that adverse consequences be limited by a set of management measures that in
essence are intended to:

e Minimise damage by avoiding mining under or close to some selected streams; and/or
e Implement measures to remediate damage that does occur.

Remediation is proposed as a key management measure for all 3" order and above streams in
the Study Area except the Nepean River (reaches 2 and 3). The management measures are
described as:

e Implementation of stream remediation measures (i.e. grouting) on stream reaches of third
order and above at controlling rockbars to return stream flow to pre-mining
characteristics.

e Implementation of stream remediation measures on stream reaches of third order and
above in stream reaches between controlling rockbars, where remediation measures are
technically feasible (e.g. where there was pre-mining flow and the substrate is suitable
for grouting).

In the Panel’s view, reliance on these remediation proposals to protect the values of streams
throughout the Study Area reveals a key difference between the Proponent’s and the Panel’s
assessments of the values associated with the sandstone gorge sections of the stream systems
and the way that the consequences will impact on these values. Based on its assessment of
the likely importance and extent of consequences, the Panel cannot recommend the proposed
extensive reliance on remediation as a wholesale and primary measure to protect stream
related values. There are several considerations that have led the Panel to this assessment,
including:

e To be effective at restoring the range of stream values that have been discussed above,
remediation would have to be intense and extensive.

e The values to be protected in the sandstone gorge parts of the Study Area are strongly
associated with naturalness. Remediation proposals conflict with naturalness values.

e Remediation is proposed at controlling rockbars and between controlling rockbars
...where feasible. The where feasible condition is so open ended as to be ineffectual.

e If remediation is not applied successfully between rockbars as well as at rockbars, the
range of stream values cannot be restored.

e The proposed remediation measures are an extension of grouting techniques that have
been trialed at some specific locations as a means of restoring pools behind rockbars.
While the Panel acknowledges some success at sealing subsurface fractures at specific
rockbars, the universal applicability of this technique to restore flow throughout entire
lengths of streams is speculative at best.

e Even where some success has been demonstrated at restoring pools behind specific
rockbars, the longevity of the technique has been questioned in submissions and remains
unproven.

29 EA, Appendix P, Table P-5.
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e The remediation proposal has a focus on restoration of pools behind rockbars. Table 17
demonstrates that for some important streams, more pools form behind boulder fields
than form behind rock bars®®. The feasibility of restoring pools behind boulder fields is
unproven.

e Remediation proposals have developed from efforts to restore pools behind rockbars —
principally in response to concerns about the importance of pools for visual amenity and
ecological values. The effectiveness of remediation proposals for dealing with other
consequences to other values is doubtful.

e Some ecological values depend on continuity within the stream. Even short lengths of
unremediated stream may cause loss of ecological value.

e Timing of implementation of remediation measures is not specified. Where multiple
longwalls affect a length of creek remediation, measures may have to wait until impacts
from multiple longwalls are complete, or remediation measures may have to be repeated.

e The NSW Minerals Council has submitted that remediation in areas of difficult access
may cause more harm than the subsidence impacts themselves.*® Much of the terrain
under discussion would be classed as being difficult to access.

e Monitoring programs proposed in the EA will not reveal the need for, or effectiveness of,
remediation for all values.

%0 |CHPL (2010b). Response to Panel Question No. 52.
%1 NSW Minerals Council submission to SCI.
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Table 17:  Proportion of Pools Formed Behind Rockbars and Boulder Fields

Breakdown of Pool Types for Mapped Streams

Mapped Stream Mapped Pools | Bouder Fiekds (%) | of Rockbars () | - Obssructions (%)
MNepean River 17 94 6 0
Camiage Creek 2 100 0 0
Allens Creek 29 B6 24 10
Clements Creek 15 93 0 7
Stringybark Creek 3 3 33 33
Hamis Creek 3 33 67 0
Elladale Creek 5 60 40 0
Simpsons Creek 0 0 0 0
Qusedale Creek 14 78 22 0
Mallaty Creek 0 0 0 0
Bymes Cresk 1 0 100 0
Cataract River 43 54 46 0
Lizard Cresk 8 50 375 125
Cascade Creek 16 75 25 0
Wallandoola Creek 3 50 50 0
Cataract Reservoir Tributary 1 T 29 57 14
Cataract Reservoir Tributary 2 6 17 83 0
Georges River 24 33 62 5
Stokes Creek 34 20 65 15
O'Hares Creek 89 46 50 2
O'Hares Creek Tributary 1 0 0 0 0
Dahlia Creek 21 10 86 4
Punchbow Cresk 11 9 91 0
Woronora River 3 33 67 0

Mote: There is by necessity some subjectivity in distinguishing individual pools.
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7.9.  ASSESSING THE SIGNIFICANCE OF CONSEQUENCES

Based on the evidence of consequences in neighbouring areas, and on the importance of
hydrologic, ecologic, environmental quality and amenity values in the Study Area,
particularly the sandstone gorges, the Panel assess that the consequences of the Project will
be widespread and significant.

The EA describes the consequences of subsidence for individual streams throughout the
Study Area®®. The Panel generally concurs with this description of consequences.

Appendix P of the EA present a risk assessment and risk management plans for the streams.
The Panel considers that these sections do not succeed in linking the consequences of mining
to the attributes listed in the stream matrix (Attachment PB). The risk assessment considers a
selection of consequences but fails to assess their significance in terms of risks to stream
values. Therefore it leads to risk management plans that are disconnected from the stream
characterisation and its detailed database.

To form a view of the significance of the consequences of mining on stream values, the Panel
has reconsidered the consequences of mining on streams using the detailed descriptions of
consequences from Section 7.7 and the four geologically based categories proposed in
Section 7.1 further subdivided in the following sub-sections.

7.9.1. Streams Flowing Predominantly in Ashfield Shale

Stream name g/l ining Description and values (from Table 11)
omain
Navigation Drains a cleared section of the Nepean River catchment used mainly for grazing
Creek and 7 livestock. Steep streams in clay and alluvium flowing across Wianamatta Shale.
tributaries Limited riparian vegetation includes examples of endangered River-flat
Eucalyptus Forest. In current state, low ecological and visual values, low
Matahill Creek 7 environmental quality. Hydrological value limited to local stock and domestic
supplies and drainage
Foot Onslow 7
Creek
Racecourse These creeks drain a cleared section of the Nepean River catchment used mainly
Creek and 8.9 for grazing livestock and some semi urban development. They are steep streams
tributaries 7 in clay and alluvium flowing across Wianamatta Shale. Piecemeal riparian
vegetation includes examples of endangered ecological communities. Proximate
to urban communities in Picton but in current state exhibit low ecological and
Apps Gully 9 visual values and low environmental quality. Hydrological value limited to local
Creek stock and domestic supplies and drainage.

Proponent’s proposal

The EA comments generally about impacts in shale areas as follows.

%2 EA, Appendix C, Section 6.
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‘The streams in alluvial valleys in Wianamatta Group shale areas are typically formed in
relatively shallow open valleys. The nature of the substrates in these areas generally allow
the sediments to be subject to subsidence movements without creating the interconnected
dilation type of cracking that occurs in the Hawkesbury Sandstone terrains (MSEC, 2009) 3%,
The Panel accepts this assessment of impact. The EA goes on to claim past experience as
substantiating the claim that consequences in these streams will be localised and minor.

‘Past experience indicates that subsidence impacts on streams formed in the Wianamatta
Group shale terrain typically include: localised and relatively isolated cracking of bed
sediments; creation of transient and permanent pools in subsidence depressions; and/or
alteration to existing pools and small scale bed and bank scour due to local increases in bed
and bank slope”®®,

Furthermore the EA claims that any consequences that do occur will be short lived.

‘The predominance of clay rich (cohesive) bed sediments in these watercourses means that
subsidence induced cracks are more likely to self-seal over time when compared to streams
bedded in the Hawkesbury Sandstone. As a result, there is unlikely to be any significant

diversion of flow, with any localised diversion being of a temporary nature’®.

These comments are reinforced when dealing with specific creeks>.

Risk management proposals for these streams in the EA are for:

‘... remediation measures (i.e. grouting) ... at controlling rockbars ....’
and:

‘... remediation measures in stream reaches between controlling rockbars, where remediation
measures are technically feasible ...."%’
Panel’s Assessment

While it is an intuitive proposition, scant evidence has been presented (both in the EA and in
response to a subsequent PAC question) in support of the claims that past experience suggests
limited and short lived consequences for streams in shale. But the Panel considers that a risk
assessment in this zone does not need to rely on that premise alone. The Panel is satisfied
that the proposed risk management measures are sufficient to prevent loss of creek values in
this zone, mainly because hydrological, ecological, environmental quality and amenity values
are currently very low and none of the consequences will impact irreversibly on these
residual values. The Panel therefore accepts that mining can occur beneath these streams
with low consequences for their values.

03 EA, Appendix C, p.139, Section 5.2.

%04 EA, Appendix C, p.139, Section 5.2.

05 EA, Appendix P, p.P-19.

% EA Volume 1, p.5-76 and Appendix C, p.176, Section 6.2.2 and Section 6.3.2
9T EA, Appendix P, Table P-5.
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7.9.2. Large Streams Incised in Hawkesbury Sandstone

(Catchment area > 200 km?)

Mining
Domain

Description and values (from Table 11)

Stream name

The major river in the Study Area. Crucial component of water supply system
locally and for Sydney. Considered an iconic waterway and an important
ecological and community asset (Appendix P of the EA page P-14). Threatened
Nepean River 7,89 species recorded in or adjacent include Macquarie Perch, Sydney Hawk
Dragonfly, Grey headed Flying Fox and the Powerful Owl. A dominant feature
of the landscape. Significant because of its scale, hydrologic, ecological and
amenity value, and iconic community status.

A major river in the Study Area. Crucial component of water supply system
locally and for Sydney. Considered an iconic waterway and an important
ecological and community asset (Appendix P of the EA page P-14). Threatened
Cataract River 2,3 species recorded in or adjacent include Macquarie Perch, Sydney Hawk
Dragonfly, Grey headed Flying Fox and the Powerful Owl. A dominant feature
of the landscape. Significant because of its scale, hydrologic, ecological and
amenity value, and iconic community status.

Proponent’s proposal

The EA recognises the potential for impact on the Nepean and Cataract River. ICHPL has
proposed risk management measures that minimise the impact and reduce the accompanying
adverse consequences. In fact the EA has even suggested that ‘the authorities may consider
the Nepean River as a stream that warrants special significance status °.

Two different criteria have been applied across these river reaches. For the Nepean River
Reaches 2 and 3 the criteria only allow localised impacts on stream water quality and strata
gas release. The stream is not to be directly undermined and minimum setbacks from the
stream and cliff lines are to be applied.

For the Cataract River and the Nepean River Reach 1, the criteria allow:

Minor fracturing of controlling rockbars, with negligible diversion of water from associated
pools. Potential for fracturing of stream bed and consequent stream flow diversion in stream
reaches between controlling rockbars. Localised impacts on stream water quality. Strata gas
release®®.

This is to be achieved by:

Longwall layout design to achieve a maximum predicted closure of 200 mm at controlling
rockbars. Implementation of stream remediation measures ... where subsidence results in the
diversion of stream flow in stream reaches between controlling rockbars, and where the

stream features are such that the remediation measures are considered technically feasible*™.

08 EA, Appendix P, p.P-14.
9 EA Appendix P, p.P-34, Table P-5.
S0 EA Appendix P, p.P-34, Table P-5.
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Panel’s assessment

By the standards of the EA this is a high level of protection but the Panel remains dissatisfied
with this approach on three grounds:

e Firstly, the Panel assesses these two rivers as exhibiting highly significant hydrologic,
ecological and amenity value, and iconic community status. The Panel proposes that
they both achieve ‘special significance status’. The Panel considers that any diminution
of these values by those mining-induced impacts that could lead to fracturing of rockbars
or fracturing of the river bed between rock bars is unacceptable.

e Secondly, the Panel is not satisfied that stream values are protected by a focus on limiting
fracturing only at rock bars but allowing fracturing elsewhere in the valley floor. It is
noted that there is no requirement that prevents these streams being undermined in some
future re-arrangement of the mine plan (though none is proposed in the current layout).

e Thirdly, the Panel does not support reliance on remediation after damage as a primary
management measure.

The Panel recommends that a negligible impact criterion be applied to these rivers throughout
their length.** Negligible impact as it applies to rivers and streams is defined below.

The Project Approval issued by the Minister for Planning for the Metropolitan Coal Project
defines ‘negligible’ as ‘small and unimportant, such as to be not worth considering’. Applied
to streams for that project this was interpreted to mean ‘no diversion of flows, no change in

natural drainage behaviour of pools, minimal iron staining, and minimal gas releases’.>'?

‘Negligible impact’ for rivers and streams requires that the hydrologic, ecologic,
environmental quality and amenity values ascribed to the rivers and streams are not
perceptibly altered (i.e. ‘small and unimportant, such as to be not worth considering’). In
reviewing the BSO Project Proposal it has become obvious that a significant negative
consequence of undermining on rivers and streams is the frequent occurrence of a marked
deterioration in water quality evidenced by a persistent milky green discolouration that may
extend for a substantial distance downstream of the undermined area (see Section 7.7.4).

The Panel considers that, on the basis of the evidence now available, the interpretation of
negligible impact for rivers and streams would be deficient if it did not include a requirement
for maintenance of water quality in the river or stream at its pre-mining standard.

The Panel therefore recommends that the definition of ‘negligible impact’ for rivers and
streams should be:

‘no diversion of flows, no change in the natural drainage behaviour of pools, minimal
iron staining, minimal gas releases and continued maintenance of water quality at its
pre-mining standard’.

%11 The Panel is of the view that conditions that require protection for a stream to a ‘negligible impact’ standard
for a proportion (or percentage) of its length are unlikely to prevent deterioration of water quality over
substantial reaches of the stream and are equally unlikely to be enforceable against the mine operator.

%12 DoP (2009b), Schedule 3, p.5.
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For rivers and streams classed as having ‘special significance’ status and therefore likely to
have a ‘negligible impact’ criterion imposed it will be necessary to assess whether their
tributaries and feeder streams are likely to be impacted by subsidence to the extent that water
quality in the protected stream itself may be compromised.
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7.9.3.  North CIiff Streams Flowing Exclusively in Hawkesbury Sandstone

O’Hares Creek

North
Cliff

Major tributary of Georges River. Threatened species have been recorded.
Some limited land clearing and development in upper catchment otherwise
undisturbed. Part of SCA Special Area, Dharawal State Conservation Area,
Dharawal Nature Reserve and Holsworthy Military Area. Zoned as Water
Catchment. Confined sandstone gorge. Pools, rock shelves, rock bars,
boulder fields, cascades and waterfalls dominate physical form and visual
amenity. Dense concentration of swamps in unnamed southern tributaries and
lluka Creek. Significant because of scale, swamps, hydrologic and

ecological value, environmental quality and recognised conservation status.

Stokes Creek

North
Cliff

Large tributary of O’Hares Creek. Permanent flow except in upper reaches.
Some subsidence effects already experienced in lower catchment; upper
catchment largely undisturbed. Part of SCA Special Area and Dharawal
State Conservation Area. Zoned as Water Catchment. Steep, confined
sandstone gorge with pools, rockbars, rock shelves, cascades, waterfalls and
boulder fields and a dense collections of swamps in and adjacent to the
waterway in the upper catchment. Significant because of scale and
hydrologic value and (in the upper catchment) the environmental quality of a
largely pristine sandstone gorge with dense concentration of swamps.

Dahlia Creek

North
Cliff

Major tributary of O’Hares Creek. Classified as intermittent-ephemeral on
basis of 1:25,000 mapping. No threatened species recorded but likely to be
present. Small patch of cleared and developed land in upper catchment:
otherwise undisturbed. Part of SCA Special Area, Dharawal State
Conservation Area and undisturbed parts of Holsworthy Military Area.
Zoned as Water Catchment. Confined, smaller scale sandstone gorge. Pools,
rock shelves, rock bars, boulder fields, cascades and waterfalls dominate
physical form and visual amenity. Significant because of hydrologic and
ecological value, quality of the pristine environment and location within
areas of recognised conservation status.

Cobbong Creek and
Tributaries 1 & 2 to
O’Hares Creek

North
Cliff

Tributaries of O’Hares Creek. Classified as intermittent-ephemeral on basis
of 1:25,000 mapping. Threatened species recorded in Cobbong Creek.
Undisturbed catchment. Part of SCA Special Area, Dharawal State
Conservation Area. Zoned as Water Catchment. Confined, smaller scale
sandstone gorges. Pools, rock bars, boulder fields and waterfalls dominate
physical form and visual amenity. Significant because of hydrologic and
ecological value, environmental quality associated with the physical form
and the pristine setting and location within areas of recognised conservation
status.

Woronora River
and tributaries

North
Cliff

Approximately 4 km of the upper Woronora River is within the Study Area
adjacent to Dahlia Creek to the west and Waratah Rivulet to the east.
Woronora River contributes to Sydney’s water supply via Woronora
Reservoir. Threatened species have been recorded. The river and its upper
catchment are undisturbed and part of an SCA Special Area. Confined
sandstone gorge: pools, rock shelves, rock bars and boulder fields dominate
physical form. Swamps flank the lower order sections of the river and its
tributaries. Significant because of hydrologic value, and the environmental
quality of its physical form and pristine setting.

Punchbowl Creek
and tributaries

North
Cliff

Tributaries of the Georges River. Adjacent to Woronora River. The creeks
and catchments are undisturbed and part of the Holsworthy Military Area.
Confined sandstone gorges: pools, rock shelves, rock bars and boulder fields
dominate physical form. Significance from the environmental quality of
physical form and pristine setting.
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Proponent’s proposal

The EA proposes that O’Hare’s Creek and the lower reaches of Stokes Creek be afforded the
same level of protection as Cataract River and Nepean River Reach 1. The criteria allow:

‘Minor fracturing of controlling rockbars, with negligible diversion of water from associated
pools. Potential for fracturing of stream bed and consequent stream flow diversion in stream
reaches between controlling rockbars. Localised impacts on stream water quality. Strata gas
release’.

This is to be achieved by:

‘Longwall layout design to achieve a maximum predicted closure of 200 mm at controlling
rockbars. Implementation of stream remediation measures ... where subsidence results in the
diversion of stream flow in stream reaches between controlling rockbars, and where the
stream features are such that the remediation measures are considered technically feasible’.
Undermining is not prohibited by this proposal although none is proposed in the current mine
layout.

For all the other creeks listed, no control on the extent of impact is proposed, and
management of consequences relies on subsequent remediation of rockbars, and remediation
of other reaches where technically feasible.

Panel’s assessment

This grouping includes all the sandstone gorges in the east of the Study Area and the largely
undisturbed areas that are currently managed as part of the Holsworthy Military Area,
Dharawal State Conservation Area, Dharawal Nature Reserve and SCA Special Area. It
includes part of the Woronora Reservoir catchment. Streams are mainly steep, confined
sandstone gorges with pools, rockbars, rock shelves, cascades, waterfalls and boulder fields.
In their upper catchments, as they emerge on to the plateau, there are dense collections of
swamps in and adjacent to the waterway.

The Panel assesses high hydrologic and ecological value to all the rivers and creeks in this
zone associated with the environmental quality of the largely pristine environment including
iconic sandstone gorges and the proximity of areas of recognised conservation status. In
addition, Stokes and O’Hares Creeks and tributaries are associated with a dense array of
swamps and Woronora River contributes to Sydney’s water supply via Woronora Reservoir.

The Panel finds that the expected impacts and consequences of mining beneath these streams
are at odds with these values and that many of the values are not protected or restored by the
remediation strategies that are proposed. The following considerations have guided the Panel
in reaching this finding.

e The EA attempts no explicit link between the special values of the rivers and creeks in
this zone and the consequences of mining. It focuses only on a limited set of
consequences: water levels in pools, catchment yield and water quality in reaching its
management recommendations. The impact of mining on the broader values of creeks in
this zone remains unexplored and unremediated.
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The condition of the rivers and creeks in this zone is integral to a broader set of values
that are associated with the pristine nature of the area, its vast array of swamps and the
integrity and range of aquatic, semi-aquatic and terrestrial biotopes.

Many of the values of rivers in this zone rely on its pristine nature. These values will
exhibit a threshold response to change. For example aesthetic values associated with the
pristine nature of the streams are immediately lost if iron staining of the type observed
elsewhere (e.g. in Lizard Creek) occurs. The value of the creeks and their surrounds as
undisturbed habitat is immediately reduced as the result of externally induced hydrologic
change.

Some creeks in this zone are predicted to be subject to extreme valley closure movements
(e.g. up to 1500mm closure in Dahlia Creek®'®). In the absence of any better predictive
methodology, the impact on valley floors and creek beds must be projected as
considerable and the consequences must be projected to be at least as severe as those
observed elsewhere in the region.

Stream values do not just rely on the existence of pools. The feasibility of restoring
surface flow in other channel types is unproven and the Panel remains sceptical of
success. Continuous application of remediation works over long lengths of stream
conflicts with the natural values of the system.

In this zone, remediation measures cannot be accomplished without loss of values that
depend on naturalness, especially where predicted impacts are high.

The EA assesses variable levels of protection as appropriate to different creeks in this
zone, even where, by the Panel’s assessment, values appear similar. For exam