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1 INTRODUCTION
1.1 Project Background
Dendrobium Coal Pty Ltd, a subsidiary of lllawarra Coal Holdings Pty Ltd (ICHPL), ope rating as Gear

M lllawarra Met Coal Pty Ltd (GM  ®) operates underground coal mining operations at Dendrobium
Mine, located in the Southern Coalfield of New South Wales. Longwall s from the Wongawilli Seam
have been mined in Areas 1, 2, 3A and 3B. Longwall 21in Area 3C has been extracted and was

completed on 6 August 2023 . Longwall 22 in Area 3C is currently being mined.

ICHPL was granted Development Consent by the NSW Minister for Planning for the Dendrobium
Project on 20 November 2001. In 2007, ICHPL proposed to modify its underground coal mining
operations and the NSW Department of Planning advised that the application for the modified Area
3 required a modification to the original consent. The application follow ed the process of section
75W of the Environmental Planning and Assessment Act 1979 (EP&A Act) and required the
submission of a comprehensive Environmental Assessment (Cardno 2007). Th e Environmental
Assessment (EA) described the environmental consequences likely f rom cracking and diversion of
surface water as a result of the proposed mining. These impacts included diversion of flow,
lowering of aquifers, changes to habitat for threatened species as we Il as other impacts and

environmental consequences.

On 8 December 2008, the Minister for Planning approved a modification to DA_60- 03-2001 for the
Dendrobium Underground Coal Mine and associated surface facilities and infr astructure under
section 75W of the EP&A Act.

Schedule 3, Condition 7 of the Development Consent, requires the deve lopment of a Subsidence

Management Plan (SMP) for approval prior to carrying out mining operations in Are a 3C.

This document satisfies Schedule 3 Condition 6 of the Development Consent, which requires the
development of a Swamp Impact Monitoring, Management and Contingency Plan (S IMMCP) for
approval prior to carrying out mining operations in Area 3C. Condition 14 of S chedule 3 of the
Longwall 21A SMP Approval requires ICHPL to revise the SIMMCP (including i ts associated TARP) to
address the advice of the Independent Expert Advisory Panel for Mini ng dated 2 July 2024 (IEAPM,
2024), including but not limited to advice relating to additional monitoring ( Recommendations 1, 7
and 10, and recommendations in Sections 5.3.1 and 5.3.3) and updates to the S wamp TARP

(Recommendation 9). Revision 1.1 of the SIMMCP addresses these recom mendations.

There is no current plan to extract Longwall 20 as previously proposed and t herefore this longwall

has been removed from the document.
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1.2 Scope

The SIMMCP has been prepared to comply with the Dendrobium Development Con sent which

requires a SIMMCP subject to Schedule 3, Condition 6 as provided below:

6. Prior to carrying out any underground mining operations that could cause subsid ence
in either Area 3A, Area 3B or Area 3C, the Applicant must prepare a Swamp Impact
Monitoring, Management and Contingency Plan to the satisfaction of the Secr etary. Each

such Plan must:
(a) demonstrate how the subsidence impact limits in condition 5 are to be met;

(b) include a monitoring program and reporting mechanisms to enable close and
ongoing review by the Department and Resources Regulator of the subsidence effects

and impacts (individual and cumulative) of each Area 3A Longwall on Swamp 15a;

(c) include a general monitoring and reporting program addressing surface water level S,
near surface groundwater levels, water quality, surface slope and gradient, erodibility,

flora and ecosystem function;

(d) include a management plan for avoiding, minimising, mitigating and remediatin g
impacts on swamps, which includes a tabular contingency plan (based on the Trigger
Action Response Plan structure) focusing on measures for remediating both predic ted

and unpredicted impacts;

(e) address headwater and valley infill swamps separately and address each swamp

individually;
(f) be prepared in consultation with BCS, WaterNSW and Resources Regulator;

(g) incorporate means of updating the plan based on experience gained as mining

progresses;

(h) be approved prior to the carrying out of any underground mining operations that ¢ ould

cause subsidence impacts on swamps in the relevant Area; and

(i) be implemented to the satisfaction of the Secretary.

1.3 Study Area

The Study Area is defined as the surface area that could be affected by the mining of Longwalls 21,
21A, 22 and 23 (Longwalls 21to 23) ( Figure 1-1). The extent of the Study Area has been calculated

by combining the areas bounded by the following limits:

X The 35° angle of draw line from the extents of Longwalls 21to 23;
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X The predicted limit of vertical subsidence, taken as the 20 mm subsidence contour,
resulting from the extraction of the Longwalls 21to 23; and
X The natural features located within 600 m of the extent of the longw all mining area, in

accordance with Condition 8(d) of the Development Consent.

The depth of cover varies between 290 m and 420 m directly above Longwalls 21to 23 (300 m to
370 m directly above Longwall 21A). The 35° angle of draw line, theref ore, has been determined by
drawing a line that is a horizontal distance varying between 200 m and 290 m aro und the extents

of the longwall voids.

The predicted limit of vertical subsidence, taken as the predicte d total 20 mm subsidence contour,
has been determined using the calibrated Incremental Profile Method (I PM), which is described in
MSEC (2023).

The features that are located within the 600 m boundary that are predicted to experience valley
related movements and could be sensitive to these movements have b een included in the
assessments provided in this report. These features include streams and upland swamps.

There are additional features that are located outside the 600 m boundary th at could experience
either far field horizontal movements or valley related movements. Th e surface features that could
be sensitive to such movements have been identified and have also been included in the

assessments provided in this report.

The swamps located outside the extent of longwall mining which could experience far-field or
valley related movements, and could be sensitive to these moveme nts, have been identified and

included in the assessments provided in this report.

This SIMMCP applies to Swamps 6, 7, 9, 16, 89, 140, 141, 144, 145,152, 153, 154, 155, 156 and 157 within the

Dendrobium Area 3C mining domain which are located either wholly or partially within the
Longwalls 21to 23 Study Area based on the 600 m boundary ( Figure 1-1). Swamp 15a, as defined in
the Dendrobium Development Consent (Schedule 3, Conditions 5, 6a and 6b), is not within the

defined area of study relative to the proposed extents of Longwalls 21 to 23.

A number of smaller swamp areas or swamp-like vegetation are scattere d throughout the Study
Area. These small patches of swamp like vegetation are often too small to map as discrete swamps
and occur in small areas of impeded drainage that contain a mix of plant species comm on to the
upland swamps and fringing eucalypt woodlands of the region. These patches of vegetation have
not been identified in the existing swamp mapping of the Study Area and fie Id observations
indicate that these patches of vegetation occur randomly in the lands cape, are not typically
restrained by sandstone rockbars and are unlikely to be sustained by groundwate r seeps (Niche
2021a). These small and less significant swamp areas (less than 1500 m 2 in area) have not been
named and mapped as part of the terrestrial ecology assessment, with monitoring efforts focused

on larger representative swamps. An exception for the current Study Area include Swamp 157,
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which has been included despite its small size due to being incorpo rated in previous mapping for
adjoining longwalls and/or regional mapping (NPWS 2003). Further, these vegetation patc hes do
not occur in valley floors and therefore are not likely to be subject to valley closure movements

resulting from longwall extraction (Niche 2012).

1.4 Objectives

The objectives of this SIMMCP are to identify and monitor swamp features and characteristics
within the Dendrobium Longwalls 21 to 23 Study Area ( Figure 1-1) and to provide a Swamp Trigger
Action Response Plan (TARP) containing quantitative performance indicator s and management

actions for achievement of relevant performance measures

15 Consultation

The Dendrobium SIMMCP has been developed by ICHPL in consultation with:
x Department of Planning, Housing and Infrastructure (DPHI );
X Resources Regulator;

x Conservation Programs, Heritage and Regulation (CPHR)(formerly Biodive rsity ,
Conservation and Science Group) within the Department of Climate Chang e, Energy, the
Environment and Water (DCCEEW); and

X WaterNSW.

The SIMMCP and other relevant documentation are available on the GM? website (Schedule 8,

Condition 11 of the Development Consent).

15.1 Longwall 21 SMP Approval

In accordance with the Area 3C SMP Approval (19 December 2019) Conditi on 11a Schedule 3, the
SIMMCP was provided to CPHR and WaterNSW in June 2020 for consultation. Agenc y feedback was
received, with Table 9-1 (Appendix B)  providing details of feedback and associated responses. The
Longwalls 20 and 21 SIMMCP (Revision E) was provided to the Department for ¢ onsideration. The

Department provided comments and recommendations in writing to ICHPL in July 2021.

152 Longwalls 22 and 23 SMP Approval

Revision G of the SIMMCP was submitted with the SMP application for Area 3C Longwalls 22 and 23
and approval was received on 20 December 2022. Revision H of the SIMM CP was submitted in
accordance with Condition 11, Schedule 3 of the Longwalls 22 and 23 SMP app roval on 30 March
2023. Revision H.1 included advice from the Panel dated 1 August 2023 and the Department in
relation to LW19A SIMMCP in regard to the definition of ecosystem func tionality, the role of hydrology

in swamp ecosystem functionality and the structure and detail of the TAR P. Performance indicators
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for significant permanent pools within swamps include a provision within the TARP for assessing if
remediation is warranted and feasible to prevent changes to swamp ecosy stem functionality.
Changes to the swamp monitoring network (Appendix A) were included accordin gly. Table 9-2

(Appendix B)  provides details of agency feedback and associated responses.

153 Longwall 21A SMP Application

Revision | of the SIMMCP (this report) is submitted in support of the SMP application for Area 3C
Longwall 21A. This revision of the SIMMCP (Revision I.1) has be  en updated to include advice from the
IEAPM dated 2 July 2024 and agency advice where relevant. Table 9-3 (Appendix B) provides
details of agency feedback and associated responses.

Table 9-4 to Table 9-7 (Appendix B) provide details of comments and ass ociated responses in
relation to previous updates of the SIMMCP.
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2 PLAN REQUIREMENTS

Extraction of coal from longwalls in Area 3C will be in accordance with the conditions set out
in the Dendrobium Development Consent as well as conditions attached to rele vant mining
leases.

Baseline studies have been completed within the Study Area and surrounds to record
biophysical characteristics. Monitoring is conducted in the area potentially affected by
subsidence from the extraction of Longwalls 21to 23. The baseline studies have identified
monitoring sites in these areas based on the Before After Control Impact (BA Cl) design
criteria.

A comprehensive monitoring program for swamps is outlined in this SIMMCP (Appendix A:
Table 1.1).

A summary of swamp monitoring within Dendrobium Area 3C is provided in the followin g
sections. In the event that monitoring reveals impacts greater than perf ormance measures
under the Development Consent, modifications to the project and miti gation measures
including remediation, offsets, or other appropriate actions determi ned in consultation with
the consent authority will be implemented. The monitoring locations for swamps within
Dendrobium Area 3C will be reviewed as required and can be modified (with agreement)
accordingly.

2.1 Dendrobium Development Consent

The Dendrobium Underground Coal Mine (DA 60- 03-2001) modification was approved
under section 75W of the EP&A Act on 8 December 2008. Table 2-1 lists the Conditions of

Consent relevant to the SIMMCP and where the conditions are addressed.

Table 2-1 Dendrobium Development Consent Conditions

DENDROBIUM DEVELOPMENT CONSENT CONDITION RELEVANT SIMMCP
SECTION
Condition 5 YSchedule 3

The Applicant must ensure that subsidence does not cause erosion of the surface or Not Applicable to Area
changes in ecosystem functionality of Swamp 15a and that the structural integrity of 3C
its controlling rock-bar is maintained or restored, to the satisfaction of th e Secretary.

Condition 6 YSchedule 3

Prior to carrying out any underground mining operations that could cause
subsidence in either Area 3A, Area 3B or Area 3C, the Applicant must prepare a
Swamp Impact Monitoring, Management and Contingency Plan to the satisfaction

of the Secretary. Each such Plan must:
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(@) demonstrate how the subsidence impact limits in condition 5 are to be met;

(b) include a monitoring program and reporting mechanisms to enable close and
ongoing review by the Department and Resources Regulator of the subsidence
effects and impacts (individual and cumulative) of each Area 3A Longwall on

Swamp 15a;

(c) include a general monitoring and reporting program addressing surface
water levels, near surface groundwater levels, water quality, surface slope and

gradient, erodibility, flora and ecosystem function;

(d) include a management plan for avoiding, minimising, mitigating and
remediating impacts on swamps, which includes a tabular contingency plan
(based on the Trigger Action Response Plan structure) focusing on measures for

remediating both predicted and unpredicted impacts;

(e) address headwater and valley infill swamps separately and address each
swamp individually;
(0] be prepared in consultation with BCS, WaterNSW and Resources Regulator;

(g) incorporate means of updating the plan based on experience gained as

mining progresses;

(h)  be approved prior to the carrying out of any underground mining operations

that could cause subsidence impacts on swamps in the relevant Area; and

(0] be implemented to the satisfaction of the Secretary.

Not Applicable to Area
3C
Not Applicable to Area
3C

Section 3 and

Appendix A

Section 6 and

Appendix A

Section 3

Section 15

Section 8.5

Section 1.4

Section 2

2.2 Subsidence Management Plan Approval

The Dendrobium Area 3C SMP Approval for Longwall 21A was granted by the Dire

Resources and Industry (as nominee of the Secretary) of DPHI

does not include Longwall 20 as per Condition 1 of Schedule 4 of the Long

ctor, Energy,

on 9 July 2025. The approval

wall 21 SMP

Approval (19 December 2019) éUUOU e ¢lhe Apadicdnt must not extract Longwall 20 as

presented in Subsidence Management Plan 2019. a

The Dendrobium Mine Area 3C Longwall 21A SMP Approval stipulates in Condition 7
Schedule 3 that the applicant must ensure that the development does

exceedance of the performance measures. Performance measures for swamps

Area 3C Longwall 21A SMP Approval are provided in Table 2-2 below.

of
not cause any

under the
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Table 2-2 Subsidence impact performance measures Y Swamps
SWAMPS
Swamp 06, 07, 09, 16, Minor environmental consequences including:

140, 141, 144, 145, 152,
154, 155, 156, 157

minor erosion of the surface of the swamp;
minor change in the size of the swamp;

minor change in the ecosystem functionality of the swamp;

X X X X

minor change to the composition or distribution of species within the
swamp; or
X maintenance or restoration of the structural integrity of the bedrock base of

any significant permanent pool or controlling rockbar within the swamp.

Condition 14 of Schedule 3 of the Area 3C Longwall 21A SMP Approval requires | CHPL to revise
the SIMMCP as follows:

By 30 September 2025, the Applicant must submit a revised Area 3C SIMMCP (inc luding
its associated TARP) to the Secretary which addresses the advice of the In dependent

Expert Panel dated 2 July 2024, including but not limited to advice relating to addi tional
monitoring (Recommendations 1, 7 and 10, and recommendations in Sections 5. 3.1 and

5.3.3) and updates to the swamp TARP (Recommendation 9).

The Applicant must not commence extraction of Longwall 21A until the Area 3C Sl MMCP
is approved by the Secretary.

Table 2-3 lists the advice of the IEAPM dated 2 July 2024 relevant to revis ing the SIMMCP and
where the recommendations are addressed.

Table 2-3 IEAPM Recommendations (2 July 2024)

No. IEAPM Recommendation Relevant
SIMMCP Section
1 IEAPM Recommendation 1:
The construction of a nested (standpipe) monitoring site at a Section 3.6

suitable location (subject to site access) at each of Swamp 7 and
Swamp 9 to monitor perched groundwater levels in the
weathered rock and the regional water table in the Hawkesbury
Sandstone, for the purpose of improved groundwater model
calibration, long-term assessment of mining-induced drawdown
and recovery, and quantification of baseflow losses to Lake

Cordeaux.
7 IEAPM Recommendation  7:
The SIMMCP be updated to better acknowledge the role and Section 6.5

influence of approved offsets, and the reasoning behind current
swamp monitoring programs.
9 IEAPM Recommendation 9:
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No. IEAPM Recommendation Relevant
SIMMCP Section
A requirement to update the TARPS in the SIMMCP to include: Section 6.2 and
x the larger swamps (Swamps 7, 9, and 16), overlying swamps Appendix A
(Swamps 156 and 157) and even the smaller remote swamps
>EeOade o§8Y n§'Y v”lY u'g O4ax n 'Y &a (
aUaada Uaald0Oce 040 403a4c@x U4 O ¢cUagl
are available for modelling and research purposes,
x Ua& R,0axiecda Miad cihdgesin the size of the
®ebada 0 aaxUUUBx ¢ca adpP@ Ug ORBOA ¢
the whole swamp being considered in this TARP,
x Uaa R,0amiecda Miad chhdges¥h the ecosystem
UeaOcUaaldRrRUc¢i aU ¢U@ =ebOasda 6@ aaxlUU
mining induced changes hydrological result in:
o changes in the extent of sub-communities, particularly
cyperoid heath and teatree thicket, within a swamp
o changes in species composition and total species
richness within a swamp as a whole and within sub-
communities within the swamp
x a performance measure and indicator related to mining Section 3.6
induced changes to the water table in the shallow
groundwater system any at newly established standpipe
locations.
10 IEAPM Recommendation 10:
A requirement to undertake monitoring of Swamp 154 to Section 6.5 and
determine whether greater than negligible impacts to ecosystem Appendix A
functionality occur and, if so, that this swamp is then offset.
Section IEAPM Recommendations in Sections 5.3.1:
5.3.1 The Panel therefore recommends the following for consideration:
x  Detailed mapping of the boundaries of the swamps and Section 3.12.1 and
vegetation sub-communities be undertaken for all impact Appendix A
and control swamps and that this mapping be replicated
following mining for all swamps. This replication should
certainly be undertaken for Swamps 156 and 157.
X South32-IMC ensure baseline data are collected from Section 3.2.2
control/reference swamps in areas that will not be
undermined for a period of at least two years prior to mining
of LW21A.
X Monitoring of Swamp 154 should continue to include Section 3.12.1
monitoring of total swamp size and size of groundwater
dependent communities.
X South32-IMC may wish to consider re-starting monitoring of Section 3.12.2
RCPEaaTecaUOBABRBIIQUVad Oax xUaecdlUbec(
throughout Area 3C for all swamps within 120 m from
longwalls approved and/or extracted to date.
Section IEAPM Recommendations in Sections 5.3.3:
5.3.3 The Panel therefore recommends the following for consideration Appendix A
regarding monitoring programs:

10
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No. IEAPM Recommendation Relevant
SIMMCP Section
X aaaUcaadlal Uasd ¢UgcROVYalUaae ¢ad@@ UAaU ( Section3.12.3 and
and baseline monitoring commenced as soon as possible. Figure 3-5
X if they are not already included in the swamps monitored for Section 3.12.3
Giant dragonfly as part of the SRRP (South32 2023i), Swamps 9
and 16 should be added to this program.
X the monitoring system (baseline data, location and Section 3.12.3
frequency) for Red-crowned Toadlet and Giant Burrowing Frog
should be clarified.
2.3 Leases and Licences

The following licences and permits may be applicable to ICHPL
Area 3C:

X

X

a eperations in Dendrobium

Dendrobium Mining Lease CCL 768, issued 7 May 1998 and expires 7 Se ptember 2026

Environmental Protection Licence 3241 which applies to the Dendrobium Mine. A

copy of the licence can be accessed at the EPA website;

Relevant Occupational Health and Safety approvals; and

Any additional leases, licences or approvals resulting from the Dendrobium

Development Consent.

11
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3 MONITORING

Dendrobium Mine has undertaken longwall operations in the catchment sinc e 2005,
beginning with Dendrobium Area 1. Mining operations have expanded into Areas 2 , 3A, 3B
and 3C since then with the monitoring program evolving over this period to incorporate
results, findings and lessons learnt. In parallel with this, ICHPL has undertaken extensive
biophysical surveys, assessment and research of the Dendrobium mining are a which have

contributed to the understanding of how upland swamps are impacted by mining.
Recommendations on upland swamp monitoring from various agencies, inde pendent
panels, consultants and research institutions have been adopted and incorpo rated into the

monitoring program.

Condition 11c of the Area 3C SMP requires ICHPL to update the SIMMCP to fully reflect the
recommendations of the IEP on the Longwalls 20 and 21 SMP application dated 13 December
2019; relating to monitoring of swamp impacts, management, remediation and contingency
planning in respect of swamps. Condition 11d requires ICHPL to update the SIMMCP to fully
reflect the advice of the IEP on the Longwalls 20 and 21 SMP applicati on dated 13 December
2019 relating to monitoring of swamp impacts. The SIMMCP has been updated to address
these conditions which form part of the foundation of the monitoring approach pro posed
for Area 3C. A key monitoring recommendation from IEP (2019b) is:

Ao« técedd x=e0as aaalcaalau Oax aax@RRUAU addavadae =l0aerRx OQ x@
a. Provide a hydrological balance for representative swamps, sufficient to identify any
mining-induced changes in soil moisture and in baseflow down the exit stream ; and
to provide vertical leakage rates as inputs to groundwater models, in order to
quantify how much of the leakage is diverted back into the catchment or
oRe@delUBadia
The majority of impacts to upland swamps are likely to occur above the proposed lon gwall

and within the groundwater impact zone. Hydrological impacts have not been obs erved at
distances greater than 120m from the edge of a longwall at Dendrobium.

A HydroGeo assessment of swamps in 2023 concluded:

As of this 2023 review, the maximum distance at which an impact has been obs erved at a
piezometer within a mapped Upland Swamp area is 113 m.

Hydrographs from almost all Upland Swamp piezometers within 70 m are likely to e xhibit a
response to mining (i.e. hydrogeological response), be that through a reducti on in the water
table to below pre-mining levels and/or increased recession (drainage) rat e.

Outside the goaf, the overwhelming evidence is that the probability of an impact declines

with distance from the goaf.

12
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The swamp monitoring approach for Area 3C includes:

1. Monitoring those swamps which are within the 600 m Study Area and are subject t 0

specific performance measures.

2. Monitoring the hydrogeological balance of representative swamps with flow gauges

at the downstream exit stream.

Monitoring for Longwalls 21 to 23 will focus on Swamps 6, 7, 9, 16, 140, 141, 144, 145, 152, 154, 155,

156 and 157 as those swamps have performance measures in accordance with the Area 3C
SMP Approval (9 July 2025), Swamps 89 and 153 do not have performance measur es. ICHPL
has undertaken monitoring of swamps throughout Dendrobium Area 2 and 3 over a

substantial period and impacts to shallow groundwater in swamps that are mined beneath
are well documented. The ongoing monitoring of swamps in Areas 3A and 3B wil | provide

information on potential ecological impacts over time.

3.1 Subsidence Monitoring

Survey monitoring techniques will be employed at upland swamps and wat ercourses
throughout the Study Area to measure subsidence movements. Additionally, re gional 3D
Global Navigation Satellite System (GNSS) marks will be place d at strategic positions

throughout the Study Area to monitor absolute surface movements.

Pending site access and approval, survey monitoring lines will be estab lished across
watercourses and representative large upland swamps within the 20 mm predi cted
subsidence contour. The monitoring lines will target controlling rock bars and steps.
Additionally, survey monitoring lines will be installed across the Wongawilli Creek valley to
measure closure (or opening) of the valley. Wongawilli Creek monitorin g lines will be subject
to site constraints

Watercourse and upland swamps monitoring lines will employ a series of marks along a
transect at nominally 20 m intervals. If practical, upland swamps trans ects will be related to

a GNSS control network to provide absolute 3D movements in addition to le vel, tilt and strain
changes.

Nominal accuracy will be +/- 5 mm relative between marks and +/- 20 mm for horizontal
and vertical accuracy if the swamp is related to a GNSS control network. Survey closure lines
across the Wongawilli Creek valley will be measured for closure on ly; nominal accuracy will

be +/- 5 mm.

Survey monitoring sites will be chosen for suitability and detailed in the Dendrobium Survey
Monitoring Program, separate to the SMP. Baseline monitoring will be conducte d prior to

active subsidence.

13
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3.2 Area 3C Swamps

Upland swamps are commonly known as vegetated freshwater wetlands occu rring in
shallow basins located in low hills or mountains. They occur in either low sloped headwater
tributary valleys (headwater swamps) that are characteristically deriv ed from colluvial
sand eroded from the ridgelines or along the riparian zone of the creeks (v alley infill

swamps) within the headwater valleys.

There are ten swamps that have been identified wholly or partially within the Study Area
based on the 35° angle of draw line. There are five additional swamps t hat are located
wholly or partially within the Study Area based on the 600 m boundary. The swam ps within

the Study Area are detailed in Table 3-1 .

The swamps have bedrock bases and are associated with shallow groundwater aquifers. A
number of the swamps in Area 3C terminate in rocky outcrops, exposed rock pl atforms or
small waterfalls. Swamp material builds up behind these obstructions (e.g. prominent rock
outcrop) and in-fills the depression upslope of the obstruction to form a beach like feature
which also traps organic material. The Hawkesbury Sandstone is the predom inant source of

sediment for the swamps.

The Endangered Ecological Communities (EECs) which make up the upland swamp sin the

Study Area, specifically, the Banksia Thicket, Tea-tree Thicket and Sedgeland-heath

Taaar@eyY Ox x@UUawx Oi ¢U@ AEE A£O0UQacUUUO YaaalU olnaah H @ ay
mapped and are presented in Niche (2023b).
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Table 3-1 Summary of swamps within the Longwalls 21 to 23 Study Area

Distance from Nearest Longwall (m) and

Reference Location of Swamp
Impact Category
] ~ 490 m north of Longwall 23 (partially
Swamp 6 0.57 On valley side of CR36 o
within the 600 m Study Area)
Partially above Longwall 22 and directly
Swamp 7 ! 4.87 Near the valley base of LC5B above Longwall 23 and 360 m north of
Longwall 21A
Directly above Longwall 21A and ~90 m
Swamp 9 0.79 Near the valley base of LC5B
south of Longwall 22
~330 m south of Longwall 21A (located
Swamp 16 3.75 Near the valley base of LC1 "
within 600 m Study Area)
~445 m from Longwall 21 (located within
Swamp 89 0.12 Near the valley base of WC21
the 600 m Study Area)
On the valley side of ~525 m north west of Longwall 23 (within
Swamp 140 0.16 .
Wongawilli Creek 600 m Study Area)
On the valley side of ~360 m west of Longwall 23 (within 600 m
Swamp 141 0.08 o
Wongawilli Creek Study Area)
~50 m south of Longwall 21 and ~355 m
Swamp 144 0.54 Near the valley base of WC20 south west of Longwall 21A (within
Longwall 21 angle of draw)
~500 m south of Longwall 22 and ~135 m
Swamp 145 0.41 At the headwaters of LC5 south of Longwall 21A (within angle of
draw)
On the valley side of ~435 m north west of Longwall 23 (within
Swamp 152 0.22 -
Wongawilli Creek 600 m Study Area)
Swamp 153 0.29 Near the valley base of WC26 Directly above Longwall 23
~70 m north of Longwall 22 and 95 m east
Swamp 154 0.40 On the valley side of LC6 of Longwall 23 and 480 m north of
Longwall 21A (within angle of draw)
~210 m east of Longwall 22 and 290 m
Swamp 155 0.50 On the valley side of LC7 north-east of Longwall 21A (partially within
the angle of draw)
On side of ridgeline south of ~130 m south east of Longwall 22 and
Swamp 156 0.71 o )
mining area partially above Longwall 21A
~335 m south of Longwall 22 and partially
Swamp 157 0.12 Near the valley base of LC6
above Longwall 21A

1 Swamp 7 is an impact swamp for Area 3C and has been historically monitored as refere

nce swamp for Areas 3B.
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3.2.1 Reference Swamps

The monitoring design is structured around the BACI concept: Before, After, C ontrol and
Impact. Predicted impact areas are compared with control areas and measure ments taken
both before and after an impact event (longwall mining) occurs. Where me asurable
impacts occur, comparisons of before and after data should reveal changes at an impact
site after mining. Reference or controls sites remain unimpacted be fore and after mining,
where the mining plan evolves and has the potential to impact on a previous reference
swamp, this will be updated to reflect the on-ground works (e.g. the data that was previously
listed as control is now listed as pre-mining Impact data (Before) and is no longer included
in the analysis as a control). Where both reference and impact sites change in a similar

manner, observed changes may be due to other wider-ranging factors such as rainfa Il.

Impacted areas are those within the 400 m risk management zone (RM Z) which are
sensitive to valley closure, uplifts, strains, and fracturing. This is in accordance with

recommendations made by the Department of Planning (2008).

The Impact sites are referred to as pre-impact (Before) prior to mining activity, until the
closest point of secondary extraction is located within the RMZ of the si te. This allows for
baseline (Before) data to be collected at each potential impact site . Once the point of
secondary extraction is located within a RMZ the site is then referred t 0 as post-impact but
not yet mined beneath, this allows for the potential of observing any indi rect impacts that
have been predicted. Given that any observed impacts to natural features become most
evident after the natural feature is mined beneath, the date the si te has been mined
beneath has also been considered in the assessment and analysis of tr ends over time. At

this point the sites are referred to as post-impact and mined beneath.
Reference swamps for Area 3C have been selected in consideration of the following criteria:
x Distance from longwalls Youtside 400 m risk management zone;
X Size of swamp;
X Suitable subcommunities comparable to impacted swamps;
x Not to be impacted by mining within foreseeable future;
X Swamp also used as a control for groundwater monitoring;
X Proximity to drainage features;

x Valley infilllheadwater swamps;
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x Natural disturbances (e.qg. fire); and
x Rainfall patterns.

Reference swamps ( Figure 3-2 ) within each of the mining domains are generally monitored

for a minimum of two years prior to mining to gather baseline data. Th ere are some Upland
Swamps and creeks that will remain in the RMZ, as they are not pla nned to be mined
beneath.

A table that includes details of swamp monitoring sites (impact and refere nce) associated

with Area 3C Swamps is provided in Appendix C

3.2.2 Baseline Data

Swamp monitoring sites will be established ahead of mining to achi eve at least 2-years
baseline data where it is possible to do so (subject to timing and approval timeframes of
any request to install additional monitoring and approvals associated with i nstalling and
operating monitoring equipme nt). Proposed monitoring sites are subject to minor locality
changes due to field inspections which determine the suitability of the site, including
adequate depth of soil profile. Monitoring is generally conducted through th e mining period
and for 2-years following active subsidence. Where performance measur es require more

than 2 years of post-mining monitoring, this will be undertaken.

33 Observational and Photo Point Monitoring

ICHPL has conducted ongoing monitoring of upland swamps in the Dendrobium area since
2001. This monitoring builds upon the understanding of processes within t he swamps, along

with identifying and assessing any episodic or temporal changes.

This monitoring (along with other monitoring programs described in the SIM MCP) is
consistent with (in part) Schedule 3, Condition 6 of the Dendrobium Development Consent
&nclude a general monitoring and reporting program addressing surface water | evels, near
surface groundwater levels, water quality, surface slope and gradient, erodi bility, flora and

ecosystem function & j

The ICHPL Environmental Field Team undertakes structured monitoring asses sments

including:
X Water: location, volume and flow characteristics;
x  Significant features: rockbars, pools and flow channels;
X Vegetation: location, species, and observed health; and

X Sediment: composition, depth and moisture.
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Monitoring sites and frequencies are provided in Appendix A; Table 1.1 . Additional
monitoring within Dendrobium Area 3C will be installed ahead of longwall min ing to achieve
2 years baseline data where it is possible to do so (subject to timi ng and approval
timeframes of any request to install additional monitoring and approvals assoc iated with
installing and operating monitoring equipment). Proposed monitoring site s are subject to
minor locality changes due to field inspections which determine the suitabi lity of the site.
Observations of any surface water and vegetation health for prominent specie s are
undertaken. Where surface water is present within a swamp or a watercourse the data
collected includes water quality parameters (using a monitoring probe) and water levels
from installed benchmarks established at the pool. Observations of any s urface flow are

also made during monitoring.

This data is used to compare differences in site conditions of swam ps and watercourses
before and after mining. Sites that will not be mined under are also monitored to provide a
comparison of sites mined under and sites not mined under during different climatic

conditions.

The following Area 3C impact and reference swamp sites are included in the observational

monitoring program (as described in this section):
X Monitoring sites:
o Swamp 7 (previously reference site for Area 3B); and
o0 Swamps 6, 9, 16, 140, 141, 144, 145, 152, 154, 155, 156 and 157.
x Reference sites:
0 Swamps 22, 24, 25, 33, 84, 85, 86, 87 and 88.

The monitoring sites above include existing and proposed monitoring sites . Due to the steep
terrain, dense vegetation and shallow sediment depth, proposed monitoring sites may be

relocated to a more suitable site

3.4 Swamp Hydrological Balance

Under natural conditions, uplands swamps store water from rainfall, runoff, groundwater
and interflow. After rainfall, this water may drain into the underlying sandstone if there is a
downward hydraulic gradient, or flow horizontally through the swamp sediments or over th e
surface to provide downstream flow in the exit stream, or be lost by evapotransp iration.

The water table represents the depth below which the swamp sediment is saturated. In an
undisturbed swamp where there is significant groundwater input to the sediment s, the
water table remains close to the swamp surface throughout long dry periods . Above this
depth, in the unsaturated zone near the ground surface, the soil moisture can vary between

18



3
Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan GM

very dry and very wet. In swamps where rainfall is the dominant water s ource, slow recession

of the water table indicates loss by evapotranspiration and outflow to streams (IEP 2019 b).

The IEP (2019b) recommended future swamp monitoring programs should be designed to:

Provide a hydrological balance for representative swamps, sufficient to identify any
mining-induced changes in soil moisture and in baseflow down the exit str eam; and to
provide vertical leakage rates as inputs to groundwater models, in order to quantify how

much of the leakage is diverted back into the catchment or elsewhere.

ICHPL has establish ed flow monitoring gauges on the exit streams of select representative
swamps in Area 3C, including Swamps 144, 153 and 155. WaterNSW established a site on
Swamp 7 which is incorporated into the monitoring program. The following detalil s the
suitability of the selected swamps and the progress of installing the gauges
x FeOaa 2 Ue O RO&AUP Oax alaaar@ea &G B ihédnlyBBdBnpe e Oas |
OaaxeUxgadx a0aaangeda Ua ¢U@ ¢aaUel RRaaghgspio¥(LEEsD *x1 4@ 0|
has been established on the exit stream for Swamp 7. Water chemistry wil | be
monitored at LC5_S2.
x FeéOasa o888 Ue O ®alRR Oax aeelUair g dghayhg &g\ WCR050)a 4 |
was installed in late 2022 immediately downstream of Swamp 144 to monit or swamp

outflow.

x EeéOad o'l Ue O 2alORR Oax axelVaidnrga Ug0Oxe0¢coa @EHmSZ);  UOeU U

was installed in late 2022 immediately downstream of Swamp 153 to monitor swamp
outflow.
X Swamp 155 is a small simple swamp on the valley side of LC7 . A gauging station

(LC7S1) was installed in mid-2024, downstream of Swamp 155.

x Swamp 16 Ymonitoring of outflow at a site further downstream on LC9 undertaken

as per WaterNSW request.

ICHPL sponsored a four-year upland swamp water balance study, conducte d by University
of New South Wales Water Research Lab (UNSW WRL), within the Metropolit an Special Area.

Temperate highland peat swamps on sandstone (THPSS) sites were inspected via onsite
investigations to determine if they would be suitable sites for f uture investigations. Sites
were analysed based on proximity to historical, current and future longwa Il extractions,
climatic variability (rainfall, evaporation), access, and physical charac teristics (e.g., slope,
shape, size, catchment location, etc.). Field reconnaissance was un dertaken to inspect each
nominated site. Three swamps within the Metropolitan Special Area (Avon and Cordeaux

catchments) were chosen to be included in the study:

X Swamp 14
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X Swamp 7
X Swamp 87.
The purpose of the study was to:

i. Monitor groundwater levels and surface water discharges from an upland swamp
prior to, during and after mining, as well as other reference sit es not impacted by
mining; and

il Develop a calibrated water balance model to better understand and quantify

impacts of longwall mining on the hydrology of these ecosystems.

The study was completed in March 2023 with findings reported in accordance wi th the

Dendrobium Swamp Rehabilitation Research Program.

35 Water Quality and Chemistry

Monitoring undertaken by ICHPL since 2003 ( Figure 3-2 of the WIMMCP) includes water
quality monitoring of parameters such as pH, Electrical Conductivity (EC) , Dissolved Oxygen
(DO), Oxygen Reduction Potential (ORP) and temperature. Monitoring sites where these

parameters are sampled are indicated as water observation sites.

Water quality is also monitored for analytes including DOC, Na, K, Ca, Mg, F ilt. S04, CI, T. Alk.,
Total Fe, Mn, Al, Filt. Cu, Ni, Zn, Si. Water samples are ret rieved from the monitoring sites and
analytes are tested in a laboratory. Monitoring sites where water samples are taken for
laboratory testing are indicated as water chemistry sites in Figure 3-2 of the WI MMCP.

The key field parameters of DO, pH, EC and ORP for monitoring sites wi thin Dendrobium Area
3C will be analysed to identify any changes in water quality resulting from th e mining. Pools
and streams away from mining are monitored to allow for a comparison against s ites not
influenced by mining. Pools will be measured at weekly intervals durin g active subsidence
and monthly before and following mining. The monitoring of water chemistry provides a
sensitive means of detecting and providing quantitative assessment of effects in the early
stages of streambed fracturing or induction of ferruginous springs. Assessment of water
quality data will be supported by geochemical modelling using PHREEQC, whe re applicable

(Parkhurst and Appelo 1999).

Water quality monitoring is covered in detail in the WIMMCP.

3.6 Groundwater
A specialist Groundwater Assessment is provided in Attachment B of t he SMP (Watershed
HydroGeo 2023). An existing groundwater monitoring program is in place for D endrobium,
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which includes Area 3C (  Figure 3-3) . The Dendrobium Long Term Groundwater Monitoring
Program is available in ~ Appendix B of the Area 3C WIMMCP.

Groundwater monitoring is undertaken in:

x Surficial and shallow systems associated with upland swamps and the weathe red

near-surface bedrock; and

X Consolidated rock strata comprising the deeper Hawkesbury Sandstone, the
underlying Narrabeen Group and lllawarra Coal Measures.

Pre-mining and post-mining monitoring holes have been installed within Area 3 C to
investigate and monitor the highly connected fracture network above the g oaf and the

upwards migration of the phreatic surface.

IEAPM (July, 2024) recommended construction of a nested (standpipe) monit oring site at a
suitable location (subject to site access) at each of Swamp 7 and Swamp 9 to monitor
perched groundwater levels in the weathered rock and the regional water tabl e in the
Hawkesbury Sandstone, for the purpose of improved groundwater model calibration, lon g-

term assessment of mining-induced drawdown and recovery and quantification of

baseflow losses to Lake Cordeaux . There is an existing monitoring bore located 136 m east

of Swamp 7, and 120 m from tributary LC5 (S2208) which is ideal for the purpo se of
monitoring shallow groundwater beneath Swamp 7. The monitoring bore contains 8

vibrating wire piezometers at the following intervals: 23.5m (HBSS) , 32.5m (HBSS), 77.7m
(BGSS), 143.6m (BGSS), 219.4m (SBSS), 229.4m (SBSS), 280m (BUS M), and 307.2m (WWSM).
Monitoring commenced on 20/12/2014, representing nearly 10 years of base line data at
multiple stratigraphic levels including shallow Hawkesbury Sandstone substra te to Swamp
7 and LC5.

ICHPL will replace monitoring bore S2208 after the extraction of Longwal | 24B, if the
piezometer cables are sheared as a result of mine subsidence. The replacement bore will

include OSP-type piezometers at equivalent depths that include the upper Bulgo Sandstone.

ICHPL will establish a borehole (D- GW-24) over the centre of Longwall 24 with vibrating wire

piezometers installed in the HBSS (subject to requisite approvals) whi ch is located
approximately 170 m distant from Swamp 7. ICHPL will replace monitoring bore D- GW- 24
after the extraction of Longwall 24B, if the piezometer cables are shear ed as a result of mine
subsidence. The replacement bore will include OSP-type piezometers at equivalent depths

that include the upper Bulgo Sandstone.

Given the above, there is limited benefit to installing a pre-mining/pos t-mining monitoring
hole under or near Swamp 9. Utilising the nearby existing borehole will avoid disturbanc e of
the swamp vegetation necessary to construct such a borehole and provide a longer

baseline data period.

21



3
Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan GM

Ca Oxx8@eeae ¢cU@ Y AEAaax A® Gharto@randd mbasare and indicator related

to mining induced changes to the water table in the shallow groundwater system any at
newly established standpipe locations & ICHPL has included the following performance
measure:

X The groundwater level or piezometric head in the groundwater monitoring borehole
declines below pre-mining baseline and below the elevation of the swamp base for

more than 6 months after mining passes the monitoring location.

The monitoring locations applicable to this performance measure for Swamp s 7and9 are
groundwater monitoring boreholes S2208 and D- GW-24. It is predicted that groundwater
depressur isation of these boreholes will occur from mining impacts. The performance

measure is implemented as a reporting mechanism in the EoP reports.

Monitoring pore pressures at Dendrobium Mine uses vibrating wire piezometers i nstalled at
different depths within the same borehole, thereby creating a vertic al array which can be

used for 3D mapping and analysis of the pore pressure regime (IEP 2019a).

Before and after mining piezometers are routinely installed along the centre line of longwall
panels to identify the maximum groundwater effects and the height of depr essurisation

within the subsidence zone

3.7 Surface Water Flows and Pool Water Levels

Pool water levels in targeted pools within swamps and associated strea ms are measured

and/or observed using installed benchmarks and visual observations in both impact sites

and reference sites where conditions allow. Not all swamps have pool features within their
boundary. Pool water levels are generally measured relative to installed benchmarks on

rocks or other stable features on the edge of pools. Where an installed benchmark is not

able to be installed in a monitored pool, se mi -quantitative water observations are typically

recorded including Water in Pool, and Inflow and Outflow observations.

No significant permanent pools within swamps (see Section 3.7.1, below) have been
identified in Area 3C stream mapping . For pools within swamps in Area 3C, the following

sites will be used as references:
X Swamp 22: S22 _Pool 10 (reference swamp);
X Swamp 24: S24_Pool 10 (reference swamp);
X Swamp 33: WC11 Pool 20 (reference swamp);
X Swamp 84: S84 _Pool 10 (reference swamp); and

X Swamp 88: S88_Pool 10 (reference swamp).
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Water level/flow gauges and data loggers are installed at key stream flo W monitoring sites
(see Area 3C WIMMCP for detalils).

Pool water levels will be generally monitored monthly before and afte r mining and on a
weekly basis during active subsidence. This data is used to compare di fferences in pool

water levels within swamps and associated streams before and after mining.

3.7.1 Significant Pools within Swamps

Pools within the Area 3C Study Area are mapped on Figure 3 4 YGeomorphology. Significant
permanent pools are considered to be any basal rockbar-controlled permane nt pool
greater than 6 m long and 4 m wide, as defined within the Area 3B SIMMCP (South32, 2020).
Analysis undertaken for stream features over Area 3C has identified no pools matching this

criteria within or directly adjacent to swamps.

There are four small pools identified within the Swamp 7 mapped boundary. Th ese have
been classified as not significant due to their small size and/or bec ause they do not hold

consistent water levels during dry periods.

Monitoring using installed benchmarks of LC9_Pool 38 in Swamp 16 and the la rger two
Swamp 7 pools, LC5_Pool 13 and LC5_Pool 12 are being undertaken as part of the Area 3C
monitoring program.

Pool water level monitoring provides the key data to assess the Performance Measure:
Maintenance or restoration of the structural integrity of the bedrock base of any significant
permanent pool or controlling rockbar. Performance against this measure will be base don
fracturing of the rockbar base of any significant permanent pool or co ntrolling rockbar
within the swamp resulting in a dry pool. TARP actions include provision for asse ssing if
remediation is warranted and feasible to prevent changes to ecosystem f unctionality. Pool
water level data would also be used to determine the success of any pool/rockbar
remediation.

3.8 Near-Surface Groundwater and Soil Moisture

The surface area above Dendrobium Area 3C is characterised by a series of drainage basins
separated by steep ridges. The drainage basins drain to Wongawilli Creek, Donal ds Castle

Creek and directly into Lake Cordeaux.

Monitoring of shallow groundwater levels allows for the indirect measureme nt of water
storage and transmission parameters within the saturated part of hill-slo pe/upland swamp

complexes. Shallow groundwater piezometers have been installed in seve ral swamps in
Area 3C including Swamps 7, 9, 16, 144, 145, 153, 154, 156 and 157 ( Figure 3-1 ). ICHPL proposed

to install shallow groundwater piezometers in Swamps 6, 140, 141, 152 to monitor compliance
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with the Longwall 21A SMP approval performance measures. No monitoring is prop osed for
Swamp 89 given its distance from the longwalls in Area 3C. Within Area 3 C, long-term
piezometer records are available for Swamp 7. This data is used to compare differences in
shallow groundwater levels within swamps, streams and hill-slope aquif ers before and after
mining. Reference sites are monitored to provide a comparison of sites mined under and

not mined under during different climatic conditions.

The piezometric monitoring directed at shallow groundwater levels is supplemented with
monitoring of soil moisture profiles up to a maximum depth of 1.2 m. Monitoring sites will be
installed with loggers to provide a continuous soil moisture record ( Figure 3-1 ).

The shallow groundwater piezometers and soil moisture probe data is compared wi th the
Cumulative Monthly Rainfall Residuals (a key parameter for interpreti ng temporal soil and
shallow groundwater data). Comparisons of the Cumulative Monthly Rainfall R esiduals
against mean monthly water heads in shallow groundwater piezometers and soil mo isture
profiles will take into account the known distribution of rainfall isohyets (contours of equal
annual precipitation) in the local region (these being denser and less smooth closer to the

Illawarra Escarpment and much wider proceeding northwest).

Several rainfall gauges are available for analysis and modelling in Dendrobi um Area 3 with
the most appropriate data used, taking into account proximity, length of record and data
quality.

3.9 Pools and Controlling Rockbars

Dendrobium Mine lies in the southern part of the Permo-Triassic Sydney Basin. Th e geology
mainly comprises sedimentary sandstones, shales and claystones, which have been

intruded by igneous sills.

The sandstone units vary in thickness from a few metres to as much a s 120 m. The major
sandstone units are interbedded with other rocks and, though shales and claystones are
quite extensive in places, the sandstone predominates.

The major sedimentary units at Dendrobium are, from the top down:
X The Hawkesbury Sandstone.
X The Narrabeen Group (including the Bulgo Sandstone).
X The Eckersley Formation.

Extensive geomorphological mapping has been completed for Dendrobium Area 3,

including the location of pools and rockbars ( Figure 3-4 ).
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Area 3C is broadly sited on a plateau dissected by a number of relatively d eep sub-
catchments draining either into Cordeaux River via Wongawilli Creek or D onalds Castle
Creek or five un-named 1st and 2nd order streams draining directly to Lake Cordeaux.

The largest watercourse within the Study Area is Wongawilli Creek, which is located between
Areas 3A and 3B; and to the west of Longwalls 21 to 23. The headwaters of Wongawilli Cre ek
are located along a drainage divide separating surface runoff and shallow gr oundwater

outflow runoff from Native Dog Creek and Lake Avon to the west.

Donalds Castle Creek and its tributaries also drain the north-western part of Area 3B through
a weakly incised plateau. Donalds Castle Creek catchment on this plateau i s characterised
by low topography, upland swamps and numerous unconfined shallow hillslope aq uifers.
Much of the soil is derived from weathering of shale-rich Mittagong Formation and is more
clayey and of lower permeability than residual soils developed pure ly on Hawkesbury

Sandstone outcrop.

Wongawilli, Sandy and Donalds Castle Creeks are permanent to perennial fl owing streams
with small base flows and increased flows for short periods of time after each significant
rain event.

Beds of the creeks are typically formed within Bulgo Sandstone, which ove rlies the Stanwell
Park Claystone; however, there are sections of the headwaters of these cre eks which are

formed within the Hawkesbury Sandstone.

Three distinct channel types may be recognised in the main channel uplands, and in the

tributaries of Wongawilli Creek:

x Narrow indistinct channels associated with low sedge/heath type veget ation cover
and arelatively thick sandy riparian soil profile. The streambed co nsists of weathered
bedrock and/or sandy materials. This is the situation in which valley infill swamps

may be found.

X Rockbars of variable width which are usually smooth except for minor d epressions
on joint planes and occasional potholes. These platforms normally grade to a th inly
vegetated sandy soil on both sides and usually exhibit the effects of chemical
deposition of hydrated iron oxides. This deposition ranges from a slight colour ation

of the surface strata to intense replacement of the rock fabric.

x Channels that are erosive into cross-bedded sandstone and exhibit a rough riffle like
surface usually with accumulations of boulders and other sediments. Th ese

channels are usually bounded by solid rock outcrop.
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A number of semi-permanent pools may be found within the channels of t hese drainage
lines and creeks. The mechanisms of pool stability are variable a nd uniquely depend on

local stratigraphy, structure and gradient. Pools range from:

X Water accumulations in depression of an impermeable bedrock shelf (analogous to

a bathtub) that is fed by direct precipitation, seepage or flood events; to

x Pools within eroded sections of sandy sediment and a free water surface that is
dependent on surface flows and the local groundwater regime for stability.

Pools within unconsolidated (sandy) sediments are in a state of equili brium between water
in (from a higher part of the phreatic groundwater surface either upstream or laterally) and

water out (flowing down the phreatic surface).

Most bedrock pools and riffle complexes rely on equilibrium betwee n excess water in
compared to water out. If the water inflow is less than the outflow, then t he pool water level
declines. The nature of this equilibrium is ultimately dependent on the position of the pool
on the overall stream gradient. Many pools in the streams naturally develop at rockbars and

at sediment and debris accumulations.

Rockbars and pools in Wongawilli Creeks have been mapped ( Figure 3-4 ). All mapped

rockbar controlled pools in Wongawilli Creek are significant permanent pools.

3.10 Slopes and Gradients
Slopes within Area 3C have been mapped according to their gradients and are identified on
Drawing 8 in MSEC (2023). Monitoring of landscape features such as slopes and swamps

will be undertaken in Area 3C, see Area 3C WIMMCP.

Monitoring of steep slopes allows for the measurement of any changes to the surface

including soil cracking, erosion and/or sedimentation impacts resulting from subsidence.
The inspections and monitoring includes the following monitoring sites:

X Monitoring sites based on an assessment of risk of impact where pre-mining

measurements have been undertaken and reported;
X Areas of steep slopes that are en route or near monitoring sites;
X Rock outcrops that are en route or near monitoring sites;

X Any other sites where impacts have been previously observed that warrant f ollow-

up inspection (i.e. rockfalls and soil cracking); and
X The general areas above the current mining location at the time of inspection.

The monitoring sites include comprehensive investigation as describ ed below, and the

wider area around the monitoring site is subject to inspection during monitoring events.
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Observations on landform and land surface at the monitoring sites are rec orded to account
for the Australian Soil and Land Survey, Field Handbook, 2 nd Edition (McDonald, Isbell, Speight,
Walker and Hopkins 1990) as modified for subsidence monitoring.

Observations have been made of the landform elements in accordance with th e Landform
section of the Field Handbook. The landform element has generally bee n described in terms

of the following attributes:
X Slope;
X Morphological type;
x Dimensions;
X Mode of geomorphological activity; and
x Geomorphological agent.

In addition, observation has been made of the land surface in accordance with the Land
Surface section of the Field Handbook. The land surface has generall y been described in

terms of the following attributes:
X Aspect, elevation and drainage height;
x Disturbance at the site, including erosion and aggradations;
X Micro relief;
X Inundation;
x Coarse fragments and rock outcrop;

x Depth to free water; and

X Runoff.
Not all attributes for Landform Element and Land Surface referred to in the Field Handbook
are recorded for each monitoring site. The previous monitoring experience for Areas 1, 2, 3A
and 3B indicate that many of the attributes are of little importance to subs idence, and the

monitoring for Area 2 and Area 3 has focused on recording those attributes and

characteristics that are most relevant to subsidence impacts.

A watercourse reach of between ten and twenty times the channel width is m onitored to

cover local geomorphological units (e.g. pool/riffle).

For each watercourse monitoring site (including those associated with swamps), arange of
measurements and observations of the watercourse characteristics are rec orded along
with established photo points. Measurements and observations incorporate the re levant
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parts of the Field Handbook, and relevant parts of the Riparian-Channel-Env ironmental

Assessment (RCE) methodology (Petersen 1992).

While in most cases, impacts on steep slopes are likely to be r estricted to surface cracks,
there remains a low probability of large-scale downslope movements. Steep slopes,
including those occurring within the proximity of swamps, are therefore mon itored
throughout the mining period and until any necessary rehabilitation is ¢ omplete. Slopes and
gradients are monitored prior to mining as well as monthly during act ive subsidence during
mining. The monitoring is undertaken at six-monthly intervals for two years following

completion of mining.

3.11 Erodibility

Most of the surface of Area 3C has been identified as highly weathered Hawkes bury
Sandstone outcrops and Sandstone derived-soils. This soil landscape has been identified
to have high to extreme erosion susceptibilities to concentrated flows. This results i n
potential flow on effects to slope stability and erosion from any cracki ng resulting from

subsidence (Ecoengineers 2012).

Studies undertaken by Earth Tech (2005) identified that if shear stress thresholds are not
exceeded then swamps are most likely to remain intact. Swamps at risk of erosion include
those that have vegetation of poor condition or those that lie on higher orde r streams.
Tomkins and Humphrey (2006) concluded that the occurrence of wildfires can also lead to
erosion of swamps. Landscape monitoring of slopes and swamps will be und ertaken in Area

3C to identify any erosion of the surface.

The types of erosion which could manifest within swamps are sheet, r ill, gully, tunnel and
stream channel. These types of erosion will be monitored in swamps i n the mining area as
well as in reference swamps not in the mining area. The types and magnitu de of any erosion
identified in swamps in the mining area will be compared to any erosion away from the
mining area. In the event of a bushfire any comparison between mining area and ref erence
swamps will take into account the increased potential for erosion following a fire.

Due to terrain, vegetation and access restrictions, the primary method of identi fying any
gully erosion over Area 3C will be Airborne Laser Scanning (ALS). This technique has proven
to be successful in generating topographic models of subsidence over entire longwalls and
mining domains and will also provide identification of any gully erosion dev eloping within
the swamps. The maximum length, area and depth of gully erosion will be measured by

standard survey methods and compared to the areas and lengths of the swamps.

Base surveys over Area 3C using ALS were completed in December 2005. A veri fication base
survey will be conducted prior to the commencement of mining of the prop osed longwall.
Subsidence landscape models using the same methodology after the ¢ ompletion of
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subsidence at the longwall will provide a new (subsided) baseline surfac e dataset. For a
period of up to ten years after mining repeat ALS datasets and surface mode lling will be
completed to identify new or increases in existing erosion. Erosion wil | be quantified by
comparison of the immediate post subsidence landscape model with th e long-term
monitoring model. Targeted ALS scans will be completed where erosion i s observed via the
observational and landscape monitoring programs or after significant events s uch as

bushfire and flooding.

The nominal accuracy of ALS derived subsidence contours is in the order of +/- 0.10 m and
effective algorithms have been developed to allow the use of ground strike data only within
the assessment. This effectively allows the analysis to see th rough vegetation to the ground
surface.

General observational inspections of swamps will be undertaken at regul ar intervals, during
active subsidence of the swamp. In addition to erosion, these obse rvations aim to identify
any surface cracking, surface water loss, soil moisture changes, vege tation condition

changes, and slope and gradient changes. The observational monitoring program will also
include specific attention to the condition of controlling rockbars and w ill incorporate both

impact and reference sites.

3.12 Flora and Fauna

Terrestrial flora and vegetation communities in the Study Area are descri bed in the
Dendrobium Area 3C Longwall 21A Terrestrial Ecological Assessment (Niche 2023b),
Dendrobium Area 3C Longwalls 22 and 23 Terrestrial Ecological Assessment (Niche 2021a)
and Dendrobium Area 3C Longwalls 20 and 21 Terrestrial Ecological Assessment (Niche
2019).

An aquatic ecology monitoring program has been established by Stantec (previously

Cardno) for Area 3C. The monitoring program includes sites within Wongawilli Creek.

Annual Reporting (Biosis 2016, 2017, 2018, 2019 and 2020, Niche 2021 and  2022) documents

the ecological monitoring program undertaken within Dendrobium Areas 2, 3A a nd 3B.
Subsidence related impacts following mining in these areas includ e lowering of shallow
groundwater in uplands swamps and loss or alteration in the quality of pool water for first

and second order streams.

A monitoring program designed to detect potential impacts to ecology from subs idence
will be implemented in the Area 3C Study Area. As recommended by the IEP (2019a), the
monitoring program will be based on a BACI design, as implemented in Area 3B, w ith
sampling undertaken at impact and control locations prior to the commencem ent of
extraction, during extraction and after extraction ( Figure 3-1 ). The existing monitoring

program uses a BACI approach in the data analysis to identify whether there has be en any
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change in life stage detection pre-post impact, or between the control (refer ence sites) and
impact sites. Identification of habitat loss due to mining induced ch ange (e.g. pool water

loss due to bedrock fracturing, or flocculant) is also completed to identif y impacts.

Over two years of baseline data is available for Area 3C and this data indicates that the
habitat in this area is relatively undisturbed. There is sufficient baseline data to enable the

detection of changes to ecology associated with mining related impacts.

Monitoring of swamps in the Study Area focuses on flora, fauna and swamp size and is
measured via the following attributes:

X The size of the swamps based on the area of groundwater dependent communities

contributing to the swamps;

X Water quality, including pH, DO, ORP, temperature and EC;

X Aquatic macrophytes, including presence, species composition and total area of
coverage;
X Aquatic macroinvertebrates using the Australian River Assessment Sy stem

(AUSRIVAS) sampling protocol and artificial aquatic macroinvertebrate collectors;
x Fish presence and numbers using backpack electro fisher and/or baited trap S;

X Presence of threatened species (including Macquarie perch, Littlej ohn's Tree Frog,
Giant Burrowing Frog, Adams Emerald Dragonfly, Giant Dragonfly and Sydney Hawk
Dragonfly); and

x Frogmonitoring YU&34aU xe¢déPie éxaUaU ¢0ax0a4xUa@x ¢cad0aae@d@Ocae UaAO
Tree Frog and Giant Burrowing Frog.

Figure 3-8 of the WIMMCP shows the location of aquatic ecology monitori ng which includes
indicators of aquatic ecology: aquatic habitat, In situ water quality, aqu atic macrophytes,
aquatic macroinvertebrates and fish . Observations of the sites, photo points and pool water

level data will also be collected as part of the frog and observational monit oring programs.
Locations where significant changes have been observed (e.g. drainage of poo Is) will be
mapped, documented and reported.

3.12.1 Swamp Size

Detailed mapping of the boundaries of the swamps and vegetation sub -communities has
been undertaken for Swamp 6, 7, 9, 16, 140, 141, 144, 145, 152, 153,154, 155, 156, 157 (Terrestrial
Ecological Assessment, Niche 2021a and 2023Db).

Reference swamps have been paired with the impact swamps. These swamps were
selected based on size, similar vegetation sub-communities, geographic proximity and a

lack of previous mining near them.
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The detailed mapping included the use of LIDAR data to indicate the | ocation and extent of
upland swamp boundaries followed by ground-truthing of these boundaries and th e
vegetation sub-communities. LIDAR surveys are captured following c ompletion of each
longwall.

This mapping will allow for detailed comparison of the size of upland swamps following
mining, as well as detailed comparison of the extent of sub-communities within upland
swamps over time. Mapping will be replicated for Swamps 6, 7, 9, 1 6, 140, 141, 144, 145, 153, 154,
155, 156, 157 following mining and on an ongoing basis for the life of the mine or as agreed
by the Secretary. This will allow direct comparison of changes in the size of upland swamps
as well as the distribution of vegetation sub-communities within upland swamps.

Any change in the total area of a swamp will be compared to its pre-mining area and any
change in area of reference swamps ( Figure 3-2 ).

3.12.2 Flora YComposition and Distribution of Species

Spring flora (transect) monitoring of species richness and species composi tion monitoring
has been established in Swamps 7 and 16 to monitor the composition or dis tribution of
species, using the methodology applied to similar sized swamps in DA3A and DAS3B (Niche

2025). Suitable baseline floristic data is available for these swamps.

Flora transect monitoring has been established for Swamps 7 and 16 spe cifically because
these two swamps are larger than the other swamps in DA3C, and are represented by a
mixture of sub-communities, with the other swamps dominated by single su b-communities

(typically Banksia Thicket).
Flora transect monitoring has not been recommended to other swamps in DA3C t o date as:

X The remaining swamps are much smaller. The average size of DA3C impac t
monitoring swamps (excluding the larger Swamp 7 and Swamp 16) was 0.62 ha,
significantly below that of Swamp 7 (3.70 ha) and Swamp 16 (2.93 ha) (Niche 2024).

X The size of these swamps are more comparable to Swamp 8 (0.73 ha) in DA3B and
Swamp 148 in DA3A (0.70 ha) (Niche 2024), which are addressed via LIDAR monit oring
only in the current program (Niche 2025).

x  Given the relatively small size there may be difficulty, and there may be limited data
utility in establishing flora transects in close proximity to one anot her (to align with

the existing program data collection approach and experimental design).

X The remaining swamps are dominated by single sub-communities, typically Banksia
Thicket. A key objective of the flora transect approach is to identify possible
transitions in the floristic assemblage for the more groundwater rel iant
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subcommunities Sedgeland Heath and Tea-tree Thicket, towards Banksia Thic ket or
possibly fringing eucalypt woodland (indicating a transition that favours less water-
reliant species). Given the majority of these swamps are Banksia Thicket dominated

already, there would be low utility in data collection for this purpose.

Due to the lack of baseline data for Swamps 6, 9, 140, 141, 144, 145 152, 154, 155, 156 and 157

comparative species richness between subcommunities has not been ¢ ompleted. From
previous observations in the Dendrobium mining areas, transects that are heavily
dominated by Banksia Thicket and Tea-tree Thicket tend to be less species rich and more
limited than those transects that occur in more transitional areas or Se dgeland Heath,
which tend to have a more species rich and variable assemblage present. Given the more
limited representation of species, analysis of floristic data within Banksia Thicket and Tea-
tree Thicket dominated areas may be less sensitive to long term change (specifically Total
Species Richness). In part the more limited species representation anecdotally described is
attributed to shading effects, with changes in shading (e.g. where mature Banksia
individuals have collapsed) observed to noticeably promote change in groundcove r
representation present. This suggests that short term change in ground cover
representation (species composition) along these transects may be s ensitive to other
effects than groundwater change. Field teams have also reported some obse rvations of
ground cover trampling along transects within these dense subcommunities, due to the

density of vegetation.

Transect monitoring of the small Banksia Thicket swamps (Swamps 6, 9, 140, 1 41, 144, 145 152,
154, 155, 156 and 157) in Area 3C will provide little value to the program as they are entirely
comprised of Banksia Thicket sub-community, which is less groundwater reliant than other
swamp sub-communities. As these swamps may be more naturally adapted to dr ier
conditions and less sensitive to water level/availability, the sensitivity of these swamps to
change is likely to be less than across other swamp types in the curre nt monitoring program

and impacts would be more difficult to detect. Furthermore, transects established in thickets
tend to feature lower levels of species richness which is likely to also reduce the sensitivity

of this analysis to detect change.

ICHPL has established shallow groundwater piezometers with paired soil moisture probes in
Swamps 7 (three sites), 9 (two sites), 16 (two sites), 144, 1 45, 153, 154, 155, 156 and 157. ICHPL
will establish shallow groundwater piezometers in Swamps 6, 140, 141 and 152 (subject to site

suitability and requisite approvals).

By definition, swamps are groundwater-dependent ecosystems. Therefore, a change in
piezometric levels should be the primary gauge of impacts on the ecosystem (IEP, 2018).
Given the lack of suitable baseline floristic data outlined above , the performance measure
&ninor change to the composition or distribution of species within the swamp a4 éURR
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assessed via changes in the shallow groundwater levels in the swamps i.e. the TARP and

assessment for ecosystem function hydrology will be applied.

Control (reference) sites have been established at Gallaghers Cr eek Swamp (Swamp 88),
Fire Trail 15e Swamp (Swamp 87), Fire Trail 6x Swamp (Swamp 86), Swamp 22 and Swamp
33.

For each transect the following is recorded:
x Presence of all species within each quadrat;
X Observations of dieback or changes in community structure;
x Photo point monitoring at each transect.

Data from other monitoring programs (such as groundwater and observational data) in
both mining sites and reference sites will be used to assist in the determination and

reporting of any impacts identified by the quantitative vegetation monitoring.

The selection of monitoring sites has been determined by specialists in the ecology of
upland swamps based on a multicriteria analysis. Criteria used to determ ine locations
include:

X The location of the swamp in relation to longwall layout;
X Predicted subsidence, including vertical movements, tilts and strains;

X Location of vegetation sub-communities within the upland swamp, particularl y

those hypothesised to be most susceptible to changes in groundwater;

X Ensuring a representative sample of vegetation sub-communities in the monitoring

program;
x Availability of reference sites; and

X Access requirements and workplace health and safety.

A particular focus has been placed on those vegetation sub-communities exp ected to
undergo the greatest change. Teatree Thickets and Cyperoid Heath are consider ed to be
more susceptible to change given their dependency on groundwater, followe d by

Sedgeland, Restoid Heath and finally Banksia Thicket.

Data will be analysed according to the BACI design applied in the existing ec ological
monitoring program. The analysis provides a statistical comparison of impact and control
sites with the aim to identify, understand and manage any mining i mpacts through the

implementation of a quantitative assessment against the relevant TARP s. Exploratory data
analysis is conducted by creating boxplots of TSR at all swamps over t he period of
monitoring to determine any visually detectable yearly trend in TSR betwe en swamp types
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(impact or control), and any difference in TSR before and after impacts. A complete analysis
of all one, two, three, four and five yearly comparisons is undertaken across the entire
historical dataset. The mean TSR of all two-consecutive-year pairs at impact swamps is
contrasted against the mean TSR of all Control swamp data from prior to the i mpact. Where
applicable, a BACI style analysis is completed, whereby difference s in group means before
impact, the control and impact swamps, and after impact, are tested to e xplore whether
they are different from zero (0). If only a single year of before-i mpact monitoring is available,

a control-impact analysis is completed, whereby differences in group means after impact

at the Control and Impact swamp is tested to explore whether they were different from 0.

A model-based approach is used when dealing with the complex multivariate species

assemblage data. Multivariate presence- 00x0ad@ aax@Rae O0&4@ UUc¢c@x eéelUal ¢UO
Ueabglaa Ua ¢U® RrRaebOOeaxa a00OPOUG Ua adavalda & aweewa CGaxdRae
absence models to each detected species, correcting for the correlatio n between species

(thus violating an assumption of standard Generalised Linear Models ( GLMs) using

generalized estimating equations (GEES). Analysis of variance (ANOVA) are used to formally

teee¢ ¢U@ 20U0a0UUOOA0GT aU @earR04a0caal ¢0aEYGEOAD ¢ aAavD R&UaBaL
UUgc@x ¢ca x0¢0O 0anrr@0Oc¢c@x O¢ 00U xeéedad; “upParRAWaag0cEx20)ODR
significant, univariate tests are completed to determine which speci es were driving the

change in flora community composition.

A complete analysis is undertaken across the entire historical dataset . Data are subset into
two-consecutive year periods and analysed within a multivariate fram ework to determine

if species composition differed between the two-year period afte r impact, compared to
species composition prior to impact. For example, if a swamp was impacte din 2013, species
composition in 2013 and 2014 at the impact swamp is compared to the species composition
prior to the impact. This is then repeated for 2014-2015, 2015-2016, 2 017-2018, 2018-2019, 2019-
2020, 2020-2021, 2021-2022 and onwards. Three- and four-yearly comparisons are also
undertaken.

3.12.3 Fauna

Seven-part tests concluded that the Area 3C mining operations would likel y cause a
@Ulalulob0ag Uaa00O¢ ca RAOOR aaaenOclaae alk &laedRaY adalhe AQZA0 @
crowned Toadlet, Stuttering Frog (  Mixophyes balbus ) and Giant Dragonfly ( Petalura

gigantean ) (Biosis 2007). The possible mechanisms of subsidence and physic al effects of

subsidence were determined to have a direct impact on known and p otential habitat for

the threatened fauna, which included waterways, upland swamps, riparian vegetation,

ridge lines and rock overhangs.

34



3
Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan GM

In consideration of the possible presence of threatened macroinverteb rate species within
the SMP Area, all dragonfly larvae collected in invertebrate sampling will be identified to the
taxonomic level of family. Any individuals of the genus Petalura, Austroc orduliidae and
Gomphomacromiidae will be further identified to species level if possible, and if there is
uncertainty, specimens will be referred to a specialist taxonomist. The confirmed presence
of a threatened species will trigger further investigation into the sp ecies and its habitats in

relation to potential subsidence impacts.

Standardised transects in potential breeding habitat for the threatened frog species
Littlejohn's Tree frog and Giant Burrowing Frog have been established in De ndrobium Area
3C. These repeatable surveys enable direct comparison of the numbers of indi viduals
recorded at each site from one year to the next. The sites have been established within
creeks associated with and/or downstream of swamps. Sites have been establ ished on LC5,
LC6,LC7, WC20, WC24 and WC26 in Area 3C ( Figure 3-5 ).

Along each transect the monitoring includes: counts of frogs, an assess ment of pools being
used for breeding as well as counts of tadpoles and egg masses. This will enable a
gquantitative as well as qualitative assessment of breeding habitat for these species prior to,
during and after mining. Monitoring is also undertaken away from mining at control

(reference) sites for the mining versus non-mining comparative assessment.

Red-crowned Toadlet and Giant Burrowing Frog are included as incidental fi nds in the

monitoring program. As part of the threatened frog species monitoring, potential breeding

U0OU¢O¢ Uad ¢UccrR@Yalaaese CAQO 148U Oax °U0Ac pneddaevau 4au 0ag

Niche (2022) found populations of Littlejohn's Tree frog and Giant Burrowin g Frog during
recent surveys in Area 3C. Results from these surveys are presented i n the Dendrobium

Annual Terrestrial Ecology Monitoring Program.

Observations of the sites, photo points and pool water level data will also be collected as
part of the frog and observational monitoring programs. Locations where signific ant
changes have been observed (e.g. drainage of pools) will be mapped, documented a nd
reported.

Detection surveys for Giant dragonfly are undertaken during the summer em ergence period
as part of the monitoring program and include Swamps 7, 9 and 16 in Area 3C , Swamp 15a

in Area 3A and Swamps 1b, 11 and 14 in Area 3B. Control swamps 22, 33, 131 and 132 are also

included.

ICHPL continues to fund and support monitoring of and research into a regional
understanding of the context and cumulative impact of the Dendrobium Mine on

populations of Littlejohns Treefrog and Giant Dragonfly.
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3.13 Ecosystem Functionality

The upland swamps in the Study Area fit the description of Coastal Upl and Swamps in the

Sydney Basin Bioregion, which has been listed as an EEC under the BC Act (Ni che 2020; Niche

2022). Specifically, the Banksia Thicket, Tea-tree Thicket and Sedge land-heath Complex are

considered part of the Coastal Upland Swamp EEC as defined by the NSW S cientific
faaalcc@@aese ¥£u¥ x@cPadalaldclUaa;

At the Agency Consultation Workshop 27 May 2013 there was discussion about the definition

aUu R@OamiecPa UeabclaaldORUcia Ua a0R0OcU A& a@E0 &0 sa 3Oz a@ & adadad
®é0adej CUQ ¢coada RPOamiecPa UeaOcUaalRUMaay b iBhiteesMPx U4 COOR
Approval. The term is not included in the definitions of the Approval.

At the workshop it was stated that BCD disagrees with the definition of ecosy stem function

included in the Plans as they consider it is too simplistic and does not cover shallow

groundwater levels. DPE advised the intent of the performance measure r elating to

ecosystem functionality for swamps was more general in intent; basi cally, the swamp will

remain a swamp.

The outcome of the workshop was for ICHPL to propose a definition in the next version of the

SIMMCP which was approved in subsequent SIMMCPs . Up to this point, ecosystem function

of swamps was measured by the size of the groundwater dependent communities

contributing to the swamps. Specifically, any changes in the proportion of Banksia Thicket,

Tea-tree Thicket and Sedgeland-heath Complex within the monitored swam ps resulting

from mining . However, recent advice from the Panel (2023) concludes that the de finition of
agOaeiaec@da UeabcUaalORUcia eé08a0acae ¢ax0¢clalju@@a®d cN@a e @ aatd
da@élUaeee /£ YA A phdatedand @adequate and should be revised to accommodate

all processes (such as swamp hydrology) that are essential for swamps and their

dependent ecosystems. a

The LW21A SIMMCP has been updated to address a broader definition of ecosy stem
functionality as recommended by the Panel. In addition to the size of groun dwater
dependent communities within a swamp, ecosystem functionality for spec ified swamps in

Area 3C is measured by Area 3C mining induced hydrological changes (shallow
groundwater) that results in piezometer remaining dry and not recovering foll owing

completion of mining and a year of average (or above) rainfall.

3.14 Reporting

Trigger and impact reporting will be undertaken in accordance with the TARP in Appendix A.
Summary reports are required to be submitted to the Secretary every four months during
the extraction of longwalls in Area 3C. This regular reporting is required to include details of
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monitoring results, an assessment of compliance with performance m easures, an
assessment of exceedances of predictions and any level 2 or 3 TARP triggers, acti ons taken

or measures implemented and the seam mining height during the period.

EoP Reports are prepared in accordance with Condition 9, Schedule 3 of the Dendrobium
Development Consent. Results from the monitoring program are included in the EoP Report
and in the Annual Review. These reports detail the outcomes of moni toring undertaken;
provide results of visual inspections and determine whether perform ance indicators have

been exceeded.

Monitoring results will be reviewed monthly by the ICHPL Subsidence M anagement
Committee. However, if the findings of monitoring are deemed to warrant an immediate
response, the Principal Approvals will initiate the requirements of the TARPs shown as
Appendix A.

Monitoring results are included in the Annual Reporting requirement under Conditi on 5,
Schedule 8 in accordance with the Dendrobium Development Consent and are made

publicly available in accordance with Condition 11 Schedule 8
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4 PERFORMANCE MEASURES AND INDICATORS

Subsidence impact performance measures for Swamps 6, 7, 9, 16, 140, 141, 144, 145, 152, 154,
155, 156and 157 are included within Condition 7, Schedule 3 of the Area 3C Longwa I121A SMP
Approval. Under the requirements of this approval and the Dendrobium Developm ent
Consent, these performance measures must be applied to the extraction of Longwalls 21 ,
21A, 22 and 23.

A detailed list of reporting triggers and performance measures and indic ators is included in
the TARP in Appendix A

4.1 Impact Mechanisms

Subsidence is an unavoidable consequence of longwall mining and include s vertical and
horizontal movement of the land surface. Subsidence effects incl ude surface and sub-

surface cracking, buckling, dilation and tilting. These effects can re sult in changes to the

hydrology of watercourses.

Changes to watercourse hydrology and water quality can result in environmental
consequences. The likelihood and timing of these consequences r elate to the size and
duration of the effect. The potential consequences of mining on groundwa ter and surface

water in the Special Areas are (IEP 2019a):

X Groundwater depressurisation

- The creation of an excavation below the water table can affect groundwa terina
number of basic ways. In all cases, because the fluid pressure in an excavation
is much lower than that of the fluid that originally occupied the space , a flow
system is established with the excavation acting as a sink into which surroun ding

groundwater flows. The rate of flow and observed extent of depressurisation
depend on the hydrogeological properties of the rock mass. If the excav ated
area is sufficiently large, the spatial extent and rate of flow into the sink can be

enhanced by the formation of fractures.

X Surface water diversions

- Diversions into a shallow, localised fracture network, where loss o f flow from a
surface water is likely to return to the system at some point downstre am, which
based on observations of the SCI (2008) may vary from 20 m for specifi c rockbars

to more than 200 m.

X Surface water permanent losses
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- Diversions into deeper, dilated shear surfaces on bedding planes, w here these
form a conduit for lateral water flow, which may or may not report to the same

catchment (i.e. it may become a permanent loss).
X Groundwater depressurisation

- Groundwater within the Hawkesbury Sandstone and Narrabeen Group as well as
the Permian coa | measures is recharged from rainfall and water bodies where
the lithologies occur at outcrop, as well as potential downward leakage f rom

overlying strata (Hydrosimulations 2018).
X Water quality

- Water quality within watercourses is affected by numerous factors includ ing
runoff from swamps and interactions between bedrock and water, with

fracturing of bedrock due to mining causing local water quality impacts.

The environmental consequences which could relate to changes in hydrology and water
quality include:

X Species composition change and/or changes in vegetation communities.

X Loss of aquatic ecology and/or changes in aquatic habitat resulting from a

reduction of surface water quality and/or flows and standing pools.

X Water-borne inputs to Lake Avon, Lake Cordeaux and Cordeaux River such as erosi ve

export of fine sands and clays and/or ferruginous precipitates.
X Reduced inflows into Lake Avon, Lake Cordeaux and Cordeaux River.

An overview of the potential impacts and consequences of mining o n swamps, surface

flows and storages is presented in Table 4-1 .

Table 4-1 Summary of subsidence effects, impacts and consequences for surface flows,
storages and swamp hydrology (IEP 2019b)

SUBSIDENCE EFFECTS ‘ IMPACTS CONSEQUENCES

X Tensile cracking, tensile, x Cracking of rock bars X Loss of surface flow and

i h i th h leak
compressive or shear « Lowered water tables and soil storage through leakage
movement of joint and . .
moisture X Loss of baseflow generation
bedding plane . .
. . ) including from swamps

x Potential erosion and scouring

x Fracturing of sandstone blocks

. X Vulnerability of swamps to fire
x Altered water chemistry e.g.

X Buckling and localised . and further erosion and
enhanced release of iron
upsidence in the stream bed reduction in baseflow
below the swamp x Change to the size of swamps generation capacity

x  Tilting of bedrock
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SUBSIDENCE EFFECTS IMPACTS CONSEQUENCES

X Increased loads of

contaminants to water

storages

4.2 Potential for Connectivity to the Mine Workings

The fracture zone above a longwall panel comprises in-situ material ly ing immediately
above the caved zone, which have sagged downwards and consequently suffered
significant bending, fracturing, joint opening and bed separation (Singh and Ke ndorski, 1981;
Forster, 1995). Where the panel width-  to-depth ratio is high, and the depth of cover is
shallow, the fracture zone would extend from the seam to the surface. Whe re the panel
width- to-depth ratio is low, and where the depth of cover is high, the fracture zone would
not extend from the seam to the surface.

The possible height of the fracture zone above the longwall panel is d ependent upon the
angle of break, the width of the panel, the thickness of seam extract ed and the spanning
capacity of a competent stratum at the top of the fracture zone (MSEC 201 2). Based on
mining geometry, the height of the fracture zone equals the panel w idth, minus the span,

divided by twice the tangent of the angle of break.

It should be noted that the height of the fracture zone should be vie wed in the context of
fracturing only and should not be directly associated with an increase in vertical
permeability. There are numerous models for the height of fracturing and hei ght of
desaturation. A review of these matters was conducted for the Bulli Seam Operations Project
Response to PAC deliberations (Hebblewhite 2010).

The Regional Groundwater Models at Dendrobium uses site specific data to determine the

height of desaturation. Dendrobium monitors in excess of 1,000 piezometers i n ~100
boreholes (including a comprehensive array of piezometers above the centrel ne of
longwall goafs) and has analysed many thousands of samples for field parame ters,

laboratory analysis, algae and isotopes.

The results of water analysis and the interpretation of the height of ¢ onnective fracturing

was peer reviewed by Parson Brinckerhoff (2012). The peer review states that "the use of
standard hydrogeochemical tools clearly demonstrated the geochemical di fference
between water from the Wongawilli Coal Seam and goaf, and the overlying sands tone

formations and surface water from Lake Cordeaux".

Although the report acknowledged limitations of the available data, this review is based on
one of the most comprehensive datasets available in the Southern Coalf ield. On the basis
of the available data and the Parson Brinckerhoff (2012) review it is cons idered that the

height of desaturation used by Heritage Computing (2009 & 2011) is conservative
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In January 2015 SRK Consulting conducted a detailed independent review of the

Dendrobium water chemistry data, to:

x Assess the level of detail, quality of science, depth and technical appropr iateness of

the water chemistry data.

x Evaluate associated interpretations in relation to underground operations of
Dendrobium Mine, with specific focus on how these address the ques tion of hydraulic

connectivity between the mined areas and the reservoirs.

Based on the review SRK concluded that the observed geochemical trends are not
consistent with a high degree of hydraulic connectivity between the underground w orkings

and the surface water bodies.

As reported in Coffey (2012) most of the change in aquifer propertie s occurs within the

collapsed zone.

Changes in aquifer properties above the collapsed zone are less severe and largely
restricted to increases in storativity. Groundwater drawdown due to sudden sto rativity
increases will ultimately impact the surface, either directly (as s eepage from watercourses

or lakes to satisfy the drawdown), or by intercepting baseflow.

Predictions of fracture zone dimensions above longwall panels for Dendrobium (MSEC 2012
and Coffey 2012) refer to geotechnical fracturing behaviour and are not n ecessarily directly
related to a groundwater response resulting from increased vertical permeabili ty.

Parson Brinckerhoff and ICHPL have completed testing to characterise the pre- and post-
mining permeability above Longwall 9, the first longwall in a new domai n, not affected by
previous mining. After Longwall 9 mined under the site it was tested to quantify the change
to vertical and horizontal permeability of the strata, including the Bulg o and Hawkesbury
Sandstones and the Bald Hill Claystone. The testing involved core, pack er and borehole

interference testing, groundwater flow and tracer testing.

Mining of Longwall 9 resulted in a significant increase in subsurfac e fracturing compared
with pre-mining. Down-hole camera surveys identified a number of open horizontal and
inclined fractures with apertures of several centimetres. Groundwater ingres s was noted at

several open fractures.

Most post-mining test bores showed decreases in groundwater level and strong downward
hydraulic gradients, particularly in the lower Bulgo Sandstone. Significantly however,
groundwater levels in the shallow Hawkesbury Sandstone remained perched at th e stud y
site.
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Horizontal hydraulic conductivity increased between one to three orders of magn itude due
to mine subsidence and strata fracturing. Increases in hydraulic conduc tivity are observed
in every geological unit but are greatest below the base of the Hawkesbury Sandst one.

In contrast to pre-mining testing in which no breakthrough was observed, horizont al tracer
testing after the passage of Longwall 9 resulted in breakthrough in about 40 m inutes. This
indicates a bulk hydraulic conductivity in the order of 10 m/day; at leas t two orders of

magnitude higher than pre-mining conditions.

No breakthrough in tracer was observed in either the pre-mining or the post-mining tests
of the Bald Hill Claystone and this indicates that the vertical conduct ance at the research

site was below the detection limit of the test, estimated to be approximatel y 0.7 m/day.

Activated carbon samplers deployed in streams adjacent to the research site d etected no
breakthrough of tracer and therefore there is no evidence of preferential flow paths either

existing or induced between the research site and adjacent streams.

Sampling of water from the underground mine detected no breakthrough of tracer and
therefore there is no evidence of preferential flow paths induced betwe en the research site

and the workings.

Although current observations do not allow a precise definition of the height of intense
fracturing using any criteria (and the boundaries are gradational in any c ase), most
evidence suggests that the zone of most intense and vertically connected fr acturing within

Area 3B extends into the Bulgo Sandstone.

Estimates for the height of fracturing above a longwall panel at Dendrobium based on
published methods range from 122 m to 357 m. This range in estim ates is large and presents
a challenge to those wishing to model hydrogeological impacts of minin g on a regional

scale based on mine site data.

The pre- and post-mining investigations carried out in this research study provi de
important constraints on the extent of mining related disturbance and its e ffect on

groundwater systems.
va "eUeéa¢ ¥£u" »ix8aLFUaeR0O¢claax=a 0aair@c¢@dx 04 Ordd@aBa@aglau
connected fracturing at Dendrobium. The assessment included:

X The effects of longwall mining and subsidence on overburden strata;

X A summary of previous research in relation to estimating the extent of the deformed

strata above longwall mining, both in general and at Dendrobium;

X Revised estimates of the height of connected fracturing for Dendrobium | ongwalls

eelUalU ¢U@ -Uccaa R°@anralUi Aax@Ra >-Ucgcad Oax AGaau@bNMe¥£oge O

method.
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CUQ Ozae@ae=xzadac 0aa0Rex@x ¢cUO¢ ¢UB -Ucgcad RUB-ARCEUK &0 ADB O B
(2014), is the most appropriate method for estimating the vertical extent of connected

fracturing above longwalls at Dendrobium. This is supported by the research above

Longwall 9 by Parsons Brinkerhoff (2015) and earlier studies by GHD (2007) and H eritage

Computing (2011).

A review of methods for estimating the height of fracturing above longwa Il panels at
Dendrobium Mine was commissioned by DPE and carried out by geotechnical ¢ onsultants
Pells Sullivan Meynink (PSM). The PSM report was finalised in June 2017 and made available
to South32 on 7 September 2017.

Recommendations by PSM regarding additional monitoring and research to add to our
understanding of the catchment are generally sensible and many of these h ave already

been acted on.

The IEP (2019b) Part 2 Report further considered mining operations within the special areas

and reiterated its earlier position stated in IEP (2019a):

The Panel has given detailed consideration to the equations in the Part 1 Report and
concluded that it cannot endorse either at this point in time. For a range of reasons, neither
or either may ultimately prove to be sufficiently reliable. It re commended erring on the side

of caution and deferring to the Tammetta equation until:

i. field investigations quantify the height of complete drainage at Metro politan and

Dendrobium mines; and/or

ii. geomechanical modelling of rock fracturing and fluid flow are shown to be
sufficiently reliable for informing the calibration of groundwater models at mine sites
in the catchment.

The Regional Groundwater Model for Dendrobium Mine has been revised to co nsider the
findings of the PSM report and IEP Reports (2019a), including the use of the Tammetta model

and modelling connectivity to the surface. HydroSimulations state that re gardless of the
method used to assess fracturing, they believe the current groundwater mod elling

approach is sound.

In accordance with Schedule 3, Condition 19(c) of the Area 3B SMP Approval, h eight of
connective fracturing investigations across longwalls in Area 3B we re undertaken and
reported to the Department prior to each longwall extraction. Hebblewhite (2020) st ates:

¢ Oaaagace Oax OaaldRe=x=Uaae 0840 x40éa Ua agROcUaA@EEULDa®EDAO
depressurisation, and the status of predictive models:

x & aUauUdddced impacts are occurring above all panels throughout the

overburden sequence, through to, or very close to the surface in all cases . This
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includes increased defect/fracture impacts; significant increases in permeability;

and reduction to near-zero pressure head throughout the strata.

X There is some evidence of very localised retained groundwater in perch ed aquifers
at some locations, and at different vertical horizons, but these are not exten sive.

x On the basis of this evidence, it is reasonable to conclude that the he ight of
depressurisation is close to, or equal to the total depth of overburden abov e the

working coal seam, i.e. extending to the surface in each instance.

X In spite of the reduced longwall panel width in Area 3A (LW6 and LW?7), t he height of
depressurisation has still effectively extended to the surface, al beit with a reduced
strata fracture density above the mined panels. It is likely that a more significant
panel width reduction and or mining height reduction would be necessary to ¢ ause

a significant reduction in height of depressurisation in this particular mining region.

X The lack of significant differential in height of depressurisation wi th the reduced
panel widths means that the range of the dataset available to assist with
developing an improved prediction model remains inconsistent, and insuff icient to

enable any further model development based on empirical methods.

X There is strong evidence at all locations of significant depressuri sation occurring
ahead of under-mining, due to the effect of adjacent mining panels, and earlier
mining development. These effects are evident at most of the strata horizo ns,

extending towards the surface.
x @ ¢U@ cOaadccO aax@R Uae ORPOART ¢cU® adasec 05a4244U0¢0 440 ca
future. It provides a reasonably accurate prediction Ygiven the variability of factors

such as depth across any patrticular panel.

4.3 Potential for Fracturing Beneath the Swamps

Based on the predicted systematic and non-systematic subsidence moveme nts (MSEC,
2023) the bedrock below the swamps and any significant permanent pools within the
swamps directly above the longwall are likely to fracture as a conseq uence of subsidence
induced strains. The predicted strains decrease where the surface is not directly mined

beneath, and generally reduce with distance from the longwall panel.

Surface flows captured by any surface subsidence fracture network resulting from valley
related movements which do not connect to a deeper aquifer or the mine worki ngs will re-
emerge further downstream. This prediction is based on an assessment o f the depth of
valley closure induced vertical fracturing from the surface and measurem ents of water
balance during the modelled periods of recessional, baseflow and small s torm unit

hydrograph periods downstream of mining areas.
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COZ x@ac0 al U&a0OCcealal Ua cU0 axedV00D iadza Died O (Ra §0@ORRR

Seam Operations Environmental Assessment: Section 5.2.1, Appendix A, App endix B and

Appendix C as well as in the Response to Submissions and Response to the NSW Planning

Assessment Commission. The BSO Independent Peer Review of strata de formation provided

Ol AdaUQae=xad naedg »200RPeUUc® Oaadedese 6UcU i@@a@a0Ea0ODEEABU ¢
network related to down-slope or valley movements. Several studies hav e determined the

depth of these vertical fracture networks are restricted to approximately 1 5 mto 20 m below

the surface.

The depth and other attributes of the surface fracture zone have been compr ehensively

determined using the following instruments and techniques:
x  Calliper logging;
x Straddle packer permeability testing;
x Overcore stress measurements;
x Core logging and geotechnical testing;
X Geophysical testing;
X Water level monitoring;
X Borehole cameras;
X Subsidence, extensometer monitoring and shear deformation monitoring;
X Stress change and fracture logging;
x Permeability testing and falling head tests; and
X Mapping of pressured air drilling fines.
The following sites have been comprehensively investigated to demons trate the
xUagaeUaade aU ¢UQ ax2eaU000 Ua00OceadD iaada-
X Two rockbars on the Waratah Rivulet; and

X Four rockbars on Georges River.

Monitoring from Dendrobium Mine indicates the surface fracture network ove r the goaf
connects to or is concurrent with the fracture network which propagates from the seam to
the surface. In this instance the diversion of surface flow to deep strata or the mine relates

to vertical permeability increases associated with this fracturing.

Prior to any remediation works within the Study Area that target surface/shallo w fracture

networks, the depth of the fracturing will be characterised by standard tec hniques such as
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drilling, down hole cameras and calliper measurements. The hydraulic conduc tance of
these fracture networks will also be determined prior to implementing any rehabi litation.
At reference swamp sites, shallow groundwater levels recovered in 2 020, with saturation

levels similar to those prior to the 2017-2019 drought (HGEO 2021b).

Swamps that have been mined under commonly display hydrological changes sh ortly
following the passage of the longwall beneath the monitoring site. An asse ssment of
hydrological change at Upland Swamps was carried out at Dendrobium by Watershed

HydroGeo (2019), updated (Watershed HydroGeo, 2021) and again recent ly (Watershed
Hydrogeo, 2023) to include data to June 2023 and sites in Areas 2, 3A, 3B and 3C. The most
recent study updated the empirical model of impact to swamp piezometers bas ed on the
assessments of water levels and recession rates around existing mining. The study identified

that approximately 85-95% of Upland Swamp piezometers within 70 metres [of m ining] are
likely to exhibit a response to mining, and that there is overwhelmi ng evidence that the

probability of an impact declines with distance from the goaf. Four mai n zones were

identified from the data:
A. Above the goaf  YAlmost certain (97% chance) of being impacted:;
B. Within 75 m of the goaf  YHighly likely (85-95% chance) of being impacted:;
C. 75-120 m from the goaf ~ Y40% chance of being impacted; and

D. >120 m from the goaf  YUnaffected (0% chance of being impacted)

Furthermore, there is likely a difference between the distance to whi ch groundwater effects
propagate from the long edge compared to from the short edge, however there is
insufficient quantitative data to be definitive in regard to shallow groun dwater response.
4.4 Potential for Erosion Within the Swamps
Tilting, cracking, desiccation and/or changes in vegetation health could re sult in
concentration of runoff and erosion which intern could alter water distributi on in the swamp.
Changes to swamp hydrology can result in environmental consequences. The likel ihood
and timing of these consequences relate to the size and duration of the ef fect. The possible
impacts of the drying of swamps due to mining-induced changes in hydrology includ e (IEP
2019b):

x reduction of soil moisture levels and loss of cohesiveness of the s wamp sediments

x enhanced risk of channelization and consequent susceptibility to erosion o f swamp

sediments, with potential water quality implications

x decline of groundwater-dependent plant species and consequent changes in

vegetation structure
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x decline of groundwater-dependent fauna including macroinvertebrates and

stygofauna

X oxidation of peaty sediments resulting in increased hydrophobicity, lower wate r-

holding capacity and potential changes in nutrient status and cycling
X increased risk of erosion, which may lead to gully formation.

x swamps have less resilience to bushfires which, in turn, can lea d to an increased
susceptibility to erosion and loss of baseflow (NSW Threatened Specie s Scientific
Committee, 2012).

Subsidence predictions were carried out to assess the potential impacts of longwall mining
in Area 3C. The assessment indicated that the levels of impact on the natural features were
likely to be similar to the impacts observed within Area 3A and Area 3B to date, including the
reduction in the potential for impacts where mining is setback from s urface features (see
Section 4.3 where hydrological impacts have not been observed at distances gre ater than
120m). A summary of the maximum predicted values of subsidence, tilt and strain at the

swamps is provided in  Section 5 .

Where a swamp is directly mined under, tilting of sufficient magnit ude could change the
catchment area of a swamp or re-concentrate runoff leading to scour and erosion,
potentially reducing the water flowing onto a swamp or allowing water to esc ape from the
swamp margins. These effects could be observed within the whole swamp or alter water
distribution in parts of the swamp, thus favouring some flora species associ ations over
others.

Changes in gradients predicted to occur following mining are discusse d in Section 5.3.1 .
These changes have been considered in relation to the likelihood of change in drainage line
alignment by MSEC (2021 and 2023). The assessments take into account th e nature of the
drainage channel and whether the predicted tilt is significant when compared to t he

existing slopes.

Landscape monitoring commenced in 2004 for Dendrobium Area 1. This monitoring

program has been continued and updated throughout the mining period for Areas 2, 3A
and 3B. The monitoring includes inspections of swamps at regular interval S prior to mining,
during active subsidence and following the completion of subsidence mov ements. In
addition to erosion (increased incision and/or widening), these observations target any
surface cracking, surface water loss, soil moisture changes, veg etation condition changes,

slope and gradient changes, the condition of rock-bars and peat condition.

The observed impacts on natural features above Longwalls 1 Y 19 have been generally

consistent with those predicted in the assessments undertaken prior t 0 mining.
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In Area 3B, to date there has been no instance of erosion resulting from this cracking. No
erosion of the surface of the swamps as a result of mining observ ed to date. For Area 3B to
completion of Longwall 14 , 154 surface impacts have been identified. Many of these are very

minor impacts and of very limited environmental consequence. For example , 91% of the
cracking identified at the surface has a width of less than 100 mm . To date there has been

no instance of erosion resulting from this cracking (lllawarra Coal 2018).

Swamp 18 is a swamp that some have reported to be impacted by mining. An im portant
observation of Tomkins and Humphreys (2006) is that in 1951, Swamp 18 was more extensive
and included a continuous, intact swampy unit infilling the valley of Nativ e Dog Creek for
several hundred meters downstream of the main body of the swamp to link wi th Swamp 19.
Furthermore, the gully erosion of the lower extension of the swamp had com menced before
1951 and had reached the main body of Swamp 18 by 1990, well before underground ¢ oal

mining in this area.

In 2003 approximately 450 m of gully erosion was identified in Swamps 1A and 1B and the
associated stream before any mining influence in the area. These cas e studies demonstrate

that erosion within swamps can be active without any influence of mining

4.5 Potential for Vegetation Changes Within the Swamps

Where there are changes to swamp hydrology that are large and persistent there is likely to
be a vegetation response. Swamp vegetation is likely to be relativel y resilient to short term
changes in groundwater level and soil moisture, demonstrated by the per sistence of the
swamp vegetation communities during extended periods of drought. For this r eason, any
response to changes in swamp hydrology are likely to be over the medi um to longer time
period as the vegetation equilibrates to the new hydrological regime. Veg etation change
may be observed in the rates of species composition change and/or changes in vegetation
communities over and above what is measured in nearby swamps due to natural vari ation.
The IEP Report (2019b) recognised that improvements in monitoring data supp orted by a
substantial body of research has improved understanding of the impacts and
consequences of longwall mining for swamps. The report also established t hat longwall
mining directly under swamps in the Southern Coalfield can result in si gnificant changes to
swamp hydrology and redirection of surface runoff which currently appear to be irr eversible.

Additionally, the IEP Report (2019b) concluded:

x Impacts on swamps and on the streams exiting from them are evident, how ever
currently there is no strong evidence to date of consequences of swamp im pacts on

catchment-scale water supplies.
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X When shallow groundwater levels in a swamp decline, soil moisture leve Is also

decline, with a lag time of weeks or months.

x Quantifying the consequences of changes for flows in exit streams r equires the

development of water balance models of the swamps.

X Mining-induced changes to upland swamp vegetation communities are still not

able to be differentiated from natural changes.

X Vegetation change assessment does not provide a clear and timely measure of

possible changes in ecosystem functionality of the upland swamps. Whil e changes
in methodology, such as using targeted obligate swamp-dependent species ( either
plants or animals) may improve assessment, the decadal nature of many changes
remains.
4.6 Potential for changes to Ecosystem Functionality
Recent impact reports for swamps in Dendrobium Area 3 suggested that mi ning induced
hydrological changes within swamps can occur up to 120 m from a longwall panel. The SMP
application for Longwall 19A was referred to the Panel in June 2023 to provi de advice
specifically in relation to maintaining the ecosystem functional ity of Swamp 15a. Primary
conclusions of this advice in relation to ecosystem functionality that are relevant to Area 3C
include:

X The definition of ecosystem functionality devised in 2013 and adopted in th e Swamp
Impact, Monitoring, Management and Contingency Plan (SIMMCP) for Longwalls 1 9
and 19A (and some other previous longwalls) neither reflects the uni versal definition
of the term that has prevailed for at least the last three decades (and, he nce, at the
time when it was written into the Consent Conditions for Dendrobium Mine) nor

general informed usage of the term.

x In particular, the established definitions of ecosystem functiona lity allude to physical
processes, a key aspect of which is the swamp soil hydrology; a parameter t hat is

not reflected in the definition of ecosystem functionality in the SIMMCP.

x Since a change in swamp hydrology at any monitoring site reflects a wider
hydrological change, the area of which may be large but unmeasured, a change to
the hydrology at any site should be regarded as indicating a change in swamp
ecosystem functionality.

x If the Dendrobium-centric definition of ecosystem functionality cont inues to prevail,

it is incomplete and warrants updating.
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X In respect to advice presented in the SMP for LW19 that rapid drawdown to lev els
lower than pre-mining levels and increased rate of recession (drainage) in the water
tables in colluvial sediments of swamps had not been observed at D endrobium Mine
to that point in time in swamps further than 60 m from a longwall panel, the Panel
concludes on the basis of its assessment of recent Impact Reports relating to Swamp
35b, Swamp 144 and Swamp 15a as well as hydrological and other data, that this is
no longer the case. Observations of this behaviour have since been record ed at

distances close to 120 m from the edges of longwall panels.

The Longwall 21A Swamp Monitoring Program and TARP have been prepared with

OadaaeUxgadclaa ca cU@ A0 aomdadesOthket Addigon é mining-induced

hydrological changes as a measure of changes to ecosystem functionality includ ing:
x Falls in surface or near-surface groundwater levels;

x Falls in soil moisture levels; and

X Reduced pool water levels.

Reporting trigger levels are included in the TARP to provide a rapid assessmen t that indicate
an immediate change that can be reported to key stakeholders within a few days of the
identified change. Reporting triggers do not necessarily indicate an e xceedance of a
performance measure. Reporting triggers increase in severity from Lev el 1to 3 and are used

for trigger reporting, response and/or management action.

Performance indicators are quantifiable measures used to assess whether the performance

measure has been exceeded.

The Area 3C monitoring program and TARP are presented in Appendix A

4.7 Achievement of Performance Measures

Mining has been occurring for many decades beneath swamps and this allows a n
opportunity to do some relatively simple back analysis of impacts to these features over the
long-term. This approach has the disadvantage of a relatively simple expe rimental design
whereby only obvious changes as a result of the mining are likely to be identified.
Subsidence predictions for swamps in historic mining areas were revi ewed as part of the

Bulli Seam Project Environmental Assessment (Resource Strategies 2009).

Field investigations were carried out in these swamps to assess im pacts and consequences
from various levels of back-predicted levels of subsidence moveme nt. This data was used
to inform the assessment of risk of impacts and environmental conseque nces for the Bulli

Seam Operation Project. A summary of the review findings is provided below.
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Back predictions have been undertaken for 34 swamps previously subject to s ubsidence in
the Southern Coalfield. The back predictions indicate that six of the se swamps would have

been subject to closure values of greater than 200 mm, namely:
X Swamp STC-S4 (221mm predicted closure) at West Cliff;
X Swamp STC-S1c (276mm predicted closure) at West CIiff;
X Swamp STC-Sla (278mm predicted closure) at West CIiff;
X Swamp 12 (335mm predicted closure) at Dendrobium;
X Swamp STC-S1b (461mm predicted closure) at West Cliff; and

X Swamp STC-S2 (542mm predicted closure) at West CIiff.

Site inspections have been conducted of the swamps listed above. An additi onal ten
swamps predicted to have been previously subject to less than 200 m m valley closure were
also inspected. The inspection methods included walking the length of the swamp and
recording observations of any significant environmental impacts or consequences , for
example:

x  Significant subsidence-induced buckling or cracking.

X Any significant erosion or scour.

X  Significant vegetation dieback on a broad scale.

X  Significant desiccation of vegetation or peat materials on a broad scale.

It is recognised that there are limitations associated with the assessme nt. As stated above,
the assessment is based on back predictions of subsidence eff ects, as opposed to observed
(i.e. monitored) subsidence effects. However, these back predic tions are being compared
with predictions using the same methodology for analysis at Dendrobium, thu S ensuring

consistency within the comparative assessment.

Evidence of cracking and minor erosion was observed during the site inspections ; however,

no evidence of significant environmental consequences was observed.

Observational monitoring of upland swamps on the Woronora Plateau has been conduc ted
by ICHPL since 2003. The results of this observational monitoring are in the report
Understanding Swamp Conditions (BHPBIC 2010).

The report identifies any morphological, geological, hydrological and/or botani cal changes
observed in the swamps since inspections were initiated in winter 2003. Data is collected
and analysed in such a way to identify and record any episodic or temporal chan ges to

these swamp features.
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Data is collected with the use of field instruments and through vis ual inspections of the

dominant features within each swamp. The monitoring includes location a nd extent of any
surface water or moisture, the health and location of vegetation, sedimen t and peat
distributions and depths, as well as any cracking, erosion or sedimentati on. Observation

sites are recorded and plotted on plans with relevant comments.

A total of 28 swamps were visited and inspected between October 2010 and November 2010.
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Field officers visit each swamp and photograph and record data at various acc essible sites.
Data collection methodologies are consistent with previous swamp insp ections. Swamp

characteristics photographed and recorded include:
X Water: Location, volume and flow characteristics.
X Vegetation: Location, species, height and observed health.
X Sediment: Composition, depth and moisture.

The data is used to compare the conditions of sites in swamps before and aft er mining and
under different climatic conditions. Data is also used to outline dif ferences in swamp

conditions due to geological and morphological conditions.
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5 PREDICTED IMPACTS TO UPLAND SWAMPS

Subsidence has the potential to impact swamps overlying the proposed longw alls due to

either transient or relatively permanent changes in porosity and permeability of a swamp

or hillslope aquifer. Underlying sandstone substrate is likely to f racture as a result of the

maximum predicted differential subsidence movements. The likeliho od of these impacts

occurring reduces where mining is setback from surface features (s ee Section 4.3 where

hydrological impacts have not been observed at distances greater than 120m)
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cracking (perpendicular to the long axis of the panel) as the panel retre ats, followed by re-

compression as the maximum subsidence occurs.

In addition, a swamp overlaying the longwall panel may also undergo both longer term
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and compression within the central portion of the subsidence trough.

Non-conventional movements can also occur, and have occurred, in the NSW C oalfields as
a result of, amongst other things, anomalous movements, valley c losure and downslope
movements. Many of the swamps are located in the bases of drainage lines and, therefore,
could experience valley and slope related movements. The predicte d valley related
movements are provided in MSEC (2023). The maximum valley related movements are
predicted to occur in the bases of the streams within the extents of the v alley infill swamps.
The headwater swamps are located partly up the valley sides and, therefore , inthese cases
the predicted valley related movements (upsidence and closure) f or these swamps are less

than the maxima provided in MSEC (2023 ).

Conventional closures result from sagging curvature; these predictions are pr ovided
separately to the valley related closures, as the associated conventional strains are
distributed across the longwalls, as opposed to the valley related co mpressive strains
which are concentrated in the valley bases. Generally, the valley r elated closures and

conventional closures are orientated obliquely to each other.

Where mining induced movements are sufficient to result in fracturin g, these would be
visible at the surface where the bedrock is exposed, or where the t hickness of the overlying

sediment is relatively shallow.
In accordance with the findings of the Southern Coalfield Inquiry and the IEP (2019a):

X Subsidence effects are defined as the deformation of ground mass such as

horizontal and vertical movement, curvature and strains.

X Subsidence impacts are the physical changes to the ground that are caused by

subsidence effects, such as tensile and sheer cracking and buckling of strata.
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x Environmental consequences are then identified, for example, as a loss of surface

water flows and standing pools.

5.1 Description of Upland Swamps Within the Area 3C Study Area

There are ten swamps that have been identified wholly or partially within the Study Area
based on the 35° angle of draw. There are five additional swamps that are locat ed wholly
or partially within the Study Area based on the 600 m boundary. The swamps within th e
Study Area are detailed in  Table 3-1 .

Swamps 9, 156 and 157 are located directly or partially above Longwall 21A. Swamp 153 and
part of Swamp 7 are located directly above Longwall 23 and part of Swam p 7 is located
directly above Longwall 22. There are no swamps directly above Longwall 21. The remaining
swamps are located outside the extents of the proposed longwalls. A summary of the
swamps located within the Study Area based on the 600 m boundary is provided in Table
3-1. The upland swamps can be categorised into two types, the valley infill swamps that
form within the drainage lines, and headwater swamps that form within relati vely low sloped
areas of weathered Hawkesbury Sandstone where hillslope aquifers exist. Further details

are provided in Section 5.3.3.

5.2 Subsidence Predictions

A summary of the maximum predicted total vertical subsidence, tilt and curvatures for
swamps within 600 m of Longwall 21A is provided in Table 5-1 . The values are the maxima

within 20 m of the mapped extents of each of the swamps within the Study Area due to the

extraction of the approved and proposed longwalls in Areas 3A, 3B and 3C

Table 5-1: Maximum predicted total vertical subsidence, tilt and curvatures for the
swamps (MSEC, 2023)

REFERENCE MAXIMUM MAXIMUM MAXIMUM MAXIMUM
PREDICTED TOTAL PREDICTED TOTAL PREDICTED TOTAL PREDICTED TOTAL
VERTICAL TILT (MM/M) HOGGING SAGGING
SUBSIDENCE (MM) CURVATURE (KM?) CURVATURE (KM?)
Swamp 7 2650 35 0.90 0.70
Swamp 9 2250 30 0.50 0.70
Swamp 16 30 <05 <0.01 <0.01
Swamp 144 <20 <05 <0.01 <0.01
Swamp 145 <20 <05 <0.01 <0.01
Swamp 154 <20 <0.5 <0.01 <0.01
Swamp 155 <20 <0.5 <0.01 <0.01
Swamp 156 1800 25 0.40 0.45
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REFERENCE MAXIMUM MAXIMUM MAXIMUM MAXIMUM
PREDICTED TOTAL PREDICTED TOTAL PREDICTED TOTAL PREDICTED TOTAL
VERTICAL TILT (MM/M) HOGGING SAGGING
SUBSIDENCE (MM) CURVATURE (KM?) CURVATURE (KM1)
Swamp 157 725 20 0.50 0.06
Swamps 7 ,9 and 1% are located directly above the mining area. These three swamps are
predicted to experience subsidence effects up to 2650 mm vertical subsidence, 35 mm/m

tilt (i.e. 3.5 %, or 1 in 29), 0.90 km-1 hogging curvature (1.1 kmm  inimum radius) and 0.70 km-
1 sagging curvature (1.4 km minimum radius). However, it is noted that Swamp 7 is located
above Longwalls 22 and 23 and therefore the predicted subsidence e ffects for this swamp
are due to these approved longwalls rather than the proposed Longwall 21A.

The maximum predicted conventional strains for Swamps 7, 9 and 156, base d on applying
a factor of 15 to the maximum predicted conventional curvatures, are 14 mm /m tensile and
11 mm/m compressive. The maximum predicted strains directly above the mining area are

8 mm/m tensile and compressive based on the 95% confidence levels.

Swamp 157 is partially located above the southern edge of the proposed Longwal [ 21A. This
swamp is predicted to experience 725 mm vertical subsidence, 20 mm /m tilt (i.e. 0.2% or 1 in
50), 0.50 km-1 hogging curvature (2.0 km minimum radius) and 0.06-1 sagging curvature
(17 km minimum radius). The predicted conventional strains based on applying a factor of

15 to the maximum predicted conventional curvatures, are 7.5 mm/m tensi le and 1 mm/m
compressive.

The remaining swamps  (Swamp 6, 89, 140, 141 and 152) are located outside the Longwall 21A

mining area (35 degree Angle of Draw), at minimum distances ranging between 50 m and
330 m. These swamps are predicted to experience up to 30 mm vertical subside nce due to
the mining in Area 3C. While the swamps located outside the mining are a could experience
low levels of vertical subsidence, they are not expected to exper ience measurable

conventional tilts, curvatures or strains.

Swamps 7, 9, 16, 144 and 157 are located near the bases of the valle ys associated with the
streams. These swamps could experience valley-related effects due to the extraction of the
proposed longwalls. The remaining swamps within the Study Area are located further up the
valley sides and, therefore, are unlikely to experience upside nce or compressive strain due
to valley closure effects.

A summary of the maximum predicted total upsidence and closure for the s wamps within
the Longwall 21A mining area is provided in Table 5-2 . The values are the maxima within
20 m of the mapped extents of each of the swamps within the Study Area due to the
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extraction of the existing longwalls in Areas 3A and 3B and the proposed longw alls in Area
3C.
Table 5-2 Maximum predicted total upsidence and closure for the swamps (M SEC, 2023)
Location Maximum predicted total Maximum predicted total
upsidence (mm) closure (mm)
Swamp 7 325 500
Swamp 9 200 300
Swamp 16 50 70
Swamp 144 150 225
Swamp 157 200 300
Swamps 7, 9 and 156 are located directly above the Area 3C mining area and the y are within
valleys with equivalent heights ranging between 25 m and 50 m. The maximum pr edicted
compressive strain for the parts of these three swamps located direc tly above the proposed

mining area is 17 mm/m based on the 95 % confidence level.

The remaining swamps are located outside the mining area, at minimum dista nces ranging
between 50 m and 330 m from the proposed longwalls, and they are within valleys with
equivalent heights ranging between 5 m and 25 m. The maximum predicte d compressive

strain for these swamps is 3 mm/m based on the 95 % confidence level.

5.3 Impact Assessment

531 Potential for changes in surface water flows due to the mining -
induced tilts

Mining can impact surface water flows through swamps, if the mining-induce d tilts are

much greater than the natural gradients, potentially resulting in increased levels of ponding

or scouring, or impacting the distribution of water within the swamps.

Sections of Swamps 7, 9, 153, 156 and 157 are located directly above the proposed longwalls

in Area 3C. The maximum predicted tilt for these swamps is 35 mm/m (i .. 3.5%, or 1in 29).
The natural grades within the swamps are lowest along the streams in the bases of the
valleys.

There are predicted reductions in grade along LC5 and within the extent of Swamp 7 . There
is potential for minor and localised increased ponding upstream of these locations and
within this swamp due to the mining of Longwalls 22 and 23 rather than Longwall 21A. The
topographical depressions are predicted to be less than 0.4 m deep and 6 0 mlong and are

localised in the base of the valley.
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The areas of the swamp further up the valley sides have higher natur al grades and there
are no predicted reductions in grade away from the valley base. Ther e are no predicted
reductions in grade along WC26 nor within the extent of Swamp 153. There are predicted
reductions in grade along Stream LC6; however, these occur outside the e xtent of Swamp
157. There are no predicted reductions in grade at Swamp 156. Similarly, there are no
predicted reductions in grade along the remaining streams nor within the re maining
swamps in the Study Area, as they are located outside the mining area and th ey are
predicted to experience tilts of less than 0.5 mm/m (i.e. less than 0.5 %, or 1 in 2000). It is
unlikely, therefore, that these swamps would experience adverse ¢ hanges in the levels of

ponding or scouring based on the predicted vertical subsidence and tilt.

5.3.2 Potential for cracking in Upland Swamps and fracturing of bedro ck
Fracturing of the bedrock has been observed in the past, as a result of longwall mining,
where the tensile strains have been greater than approximately 0.5 mm/ m or where the
compressive strains have been greater than approximately 2 mm/m.

As sections of Swamps 7, 9, 153, 156 and 157 are located directly above the Area 3C mining

area. The maximum predicted compressive strain due to the valley-re lated effects for the
parts of these swamps located directly above the proposed mining are ais 17 mm/m based
on the 95 % confidence level. Away from the valley base, the maximum predicted strains for
the parts of these swamps located directly above the proposed minin g area are 8 mm/m

tensile and compressive based on the 95 % confidence levels.

The typical fracture widths in the bedrock beneath Swamps 7, 9, 153, 156 and 157 could be
similar to the surface deformations previously observed at the Mine. Fr acturing would only
be visible at the surface where the bedrock is exposed, or where the thickness of the

overlying soil is relatively shallow.

Swamps 7 and 9 are also predicted to experience up to 325 mm upsidence and 500 mm
closure due to the cumulative impact of mining, including Longwall 2 1A. These valley-related
effects could result in the dilation of the strata beneath these two swamps. It has been
previously observed that the depth of fracturing and dilation of the uppermos t bedrock,
resulting from valley-related effects, is generally in the ord er of 10 m to 15 m (Mills 2003, Mills
2007, and Mills and Huuskes 2004). Swamp 156 is located on a valley-side and therefore will

not be subject to upsidence effects.

The dilated strata beneath the drainage lines and within Swamps 7 and 9 ¢ ould result in the
diversion of some surface water flows beneath parts of these swamps. The drainage lines
upstream of these swamps flow during and shortly after rainfall events. Where there is no
connective fracturing to any deeper storage, it is likely that surfac e water flows will re-

emerge at the limits of fracturing and dilation.
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The remaining swamps are located outside the Longwall 21A mining area, at m inimum

distances ranging between 50 m and 330 m from the proposed longwall. Fracturing has

been observed in streams located outside the extents of previously ext racted longwalls in
the NSW coalfields. Fracturing has been observed in the drainage lines at distances of up to
300 m from the previously extracted longwalls in Area 3B. Minor and isolated f racturing has
also been observed up to 400 m outside of longwalls extracted elsewhere in t he Southern
Coalfield.

Swamp 9 is located near the base of LC5. Fracturing could occur in the base of the valley
and within this swamp. Swamp 157 is located near the base of LC6 an d is partially located
above the southern edge of Longwall 21A. Fracturing could occur in the base of the valley
and within this swamp. Fracture widths in the order of 20 mm to 50 mm have been observed
due to valley-related effects at similar distances from previous longwall mining.

Swamps 144 and 155 are located near the bases of WC20 and LC7. It is possible, but unlik ely
that fracturing could occur in the bases of the valleys and within th ese swamps. Fracture
widths less than 20 mm have been observed due to valley-related eff ects at similar

distances from previous longwall mining

The remaining swamps within the Area 3C Study Area are either located on the valley side S
or are more than 400 m outside the proposed mining area. It is unlikel y therefore that

fracturing would develop in the bedrock beneath these remaining swamps.

5.3.3 Potential changes to Upland Swamp Hydrology

Swamps that have been mined beneath commonly display hydrological changes s hortly
following the passage of the longwall beneath the shallow groundwater moni toring site;
specifically:

X A decrease in the average shallow groundwater elevation;

X A decrease in the duration of saturation of the swamp sediments following a

significant rainfall event; or

X A change in the shape of saturation peak and recession curves (and reces sion rate)

in response to significant rainfall events.

An assessment of shallow groundwater impacts due to mining at Dendrobium was carried
out by Watershed Hydrogeo in 2019 and updated in 2021 and more recently in 2023 to
include data to June 2023 and sites in Areas 2, 3A, 3B and 3C. The most recent study updated
the empirical model of impact to swamp piezometers based on the ass essments of water
levels and recession rates around existing mining. The study identif ied that approximately

85-95% of Upland Swamp piezometers within 70 metres [of mining] are likely to exhibit a
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response to mining, and that there is overwhelming evidence that the probability of an

impact declines with distance from the goaf. Four main zones were identified from the data:
A. Above the goaf  YAlmost certain (97% chance) of being impacted;
B. Within 75 m of the goaf  YHighly likely (85-95% chance) of being impacted;
C. 75-120 m from the goaf ~ Y40% chance of being impacted; and

D. >120 m from the goaf  YUnaffected (0% chance of being impacted)

Furthermore, there is likely a difference between the distance to whi ch groundwater effects
propagate from the long edge compared to from the short edge, however there is
insufficient quantitative data to be definitive in regard to shallow groun dwater response.
Observations at the Springvale Mine in the Western Coalfield show that hydrological
impacts can occur in swamps overlying connected geological structures (fa ults or other
lineaments) at distances greater than 1200 m from the longwall (Galv in et al ., 2016). The
same effect is not apparent at Dendrobium. Recent studies have identif ied no anomalous
subsidence specifically related to mapped lineaments (MSEC, 2020), a nd no hydrological
impacts at swamp piezometers located near mapped lineaments that are greater than 120

m from the goaf (Watershed Hydrogeo, 2023).

The hydrological changes are most likely due to the development of surface fracturing and
bedding plane openings in the sandstone substrate of the swamp and/or a rock-b ar at the
swamp outlet. The formation of fractures in the substrate may change the swamp from a
perched system to a connected system. The impact on the swamp will be dependent on
the head difference between the swamp sediments and the sandstone substrate. Where
the hydraulic gradient is downwards (into the sandstone, which is common) the n the
fracturing will lead to greater flows of water from the swamp and a decline in average
swamp groundwater levels. It is not yet known whether the hydrological charact eristics
recover to some degree as fractures are filled with fine sediment s and on-going monitoring

is required to assess longer-term impacts (HGEO 2020)

The locations of mapped swamp vegetation communities relative to th e planned longwalls
are shown in Figure 3 of Niche (2021a and 202 3b). Swamps located within 600 m of the
planned longwalls are listed in Table 5-3 , with a qualitative assessment of the likelihood that

the shallow groundwater regime will be affected by subsidence relate d ground movements
associated with Area 3C longwalls. The likelihood is based on observati ons at swamps in
Area 3B during and after longwall extraction (e.g. HGEO, 20 21 Watershed Hydrogeo, 20 2J)
and predictions of subsidence related to longwall extraction and other ground mov ement
related to valley closure (MSEC 2023 ).
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Table 5-3 Summary of predicted impacts to upland swamps (HGEO, 2021a and 2023)
SWAMP TOTAL UPLAND SWAMP LIKELIHOOD OF SHALLOW GROUNDWATER
SWAMP VEGETATION EFFECTS
AREA (HA) COMMUNITIES
Swamp 6 0.57 Banksia Thicket Unlikely.
Swamp 7 4.87 Banksia Thicket, Tea Possible impacts from LW21A. Likely to be impacted
Tree Thicket by LW23.
Swamp 9 0.79 Banksia Thicket, Likely to be impacted by LW21A. Possible impacts
Tea Tree Thicket from LW23.
Swamp 16 3.75 Banksia, Tea Tree Possible impact from LW21A and LW6

Thicket, Sedgeland-
Heath Complex

Swamp 140 0.16 Banksia Thicket Unlikely.
Swamp 141 0.08 Banksia Thicket Possible.
Swamp 144 0.54 Banksia Thicket Possible impact from LW21A and LW21.
Swamp 145 0.41 Banksia Thicket Possible impact from LW21A and LW6.
Swamp 152 0.22 Banksia Thicket Unlikely.
Swamp 153 0.29 Banksia Thicket Likely.
Swamp 154 0.40 Banksia Thicket Unlikely from LW21A. Possible impact from LW22
Swamp 155 0.50 Banksia Thicket Possible impact from LW21A and LW22
Swamp 156 0.71 Banksia Thicket Likely to be impacted by LW21A. Possible impact
from 22.
Swamp 157 0.12 Tea Tree Thicket Likely to be impacted by LW21A. Possible impact
from 22
There has been no recorded hydrological change within a swamp more than 120 me tres
from the edge of a longwall at Dendrobium as assessed and compared to refere nce sites
to date. Swamp TARP triggers reported in impact reports during the extraction of a longwall

are assessed and reported in End of Panel reports.

It is noted that Condition 7, Schedule 3 of the Area 3C Longwall 21A SMP App roval allows

performance measures for swamps and watercourses ca O agc a@UcUB4& Oi 0éalx0s
alcUUOcUAaaY a0a@xU0¢Uaa a8 aUU=@c¢ia A£UaeR xRl aaa0 b &Hxadad 6 e @
exceeded, remediation or other appropriate actions will be determined and implemented

in consultation with key agencies, and where remediation is not feas ible, a suitable

biodiversity offset would be provided.

534 Potential impacts on Upland Swamp Ecology

Vegetation communities which are not dependent on groundwater are unlikely to be
impacted by subsidence due to underground mining (Niche 20 21a).

Groundwater dependent and riparian vegetation may experience some floristic ¢ hanges in
response to changed groundwater conditions, as a result of subsidence (Niche 20 21a).
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Riparian vegetation may be impacted by subsidence through water diversion or cracking
of bedrock. Impacts to riparian vegetation associated with longwalls in Are a 3C are
predicted to be minor in occurrence, being localised if they occurre d (Niche, 202 1a). There
is overwhelming evidence that the probability of a hydrological impact within a swamp
decline with distance from the goaf. Data to date indicates that w here piezometers are
setback >120 m from the goaf at Dendrobium Mine there is a 0% chance of bein g impacted

(HGEO, 2023).

An assessment of the potential ecological impacts of subsidence on upland swamps was
completed by Niche (2023 b).

534.1 Potential Impacts to Threatened Flora

Thirteen threatened flora species have been determined to have a moderate to high
likelihood of occurring within the Study Area. However, a limited number hav e potential
habitat likely to be impacted by subsidence (Niche 20 21a and 2023b).

Leucopogon exolasius is known to occur in the Study Area. An additional three species

(Epacris purpurascens var. purpurascens, Pultenaea aristata and Cryptostylis hunteriana )
are considered to have habitat within the Study Area that may be impacted by s ubsidence.
Each of these species has potential habitat within upland swamps or creek v egetation
communities, however none of these species are reliant on such habitat and occur

throughout a range of other habitats within the Study Area.

5.3.4.2 Potential Impacts to Fauna

Subsidence may have a direct impact on known and potential habitat for thr eatened fauna
such as watercourses, upland swamps, riparian vegetation, rock overhangs, rocky outcrops,
cliffs and crevices.

Woodland and forest habitat types make up the majority of the Study Area. These habitat
types which are not dependent on groundwater are unlikely to be impacted by subsidence.
Microhabitat features such as tree hollows and exfoliating bark are also unl ikely to be

impacted (Niche 20 21a and 2023b ).

5.3.4.3 Potential Impacts to Threatened Fauna

Eighty one threatened fauna were considered during the likelihood of occ urrence
assessment. Forty three of these species were determined to have a mode rate or high
likelihood of occurrence within the Study Area. Subsidence impacts f rom the proposed

longwalls are likely to be negligible for the majority of these spec ies (Niche 2023b). Nine
threatened species are considered to be potentially impacted by subs idence impacts

resulting from Longwalls in Area 3C (Niche 20 21a and 2023b).
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An assessment of potential impacts for each of the identified thre atened species likely to
be impacted is provided in the Area 3C Terrestrial Ecology Assessment (Nic he 20 21a and
2023b).
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6 MANAGEMENT AND CONTINGENCY PLAN
The potential impacts of mine subsidence to upland swamps in Area 3C are provided below,
together with a summary of the avoidance, minimising, mitigation and rem ediation

measures proposed.

6.1 Objectives
The aims and objectives of this Plan include:

X Avoiding and minimising impacts to significant environmental value s where
possible;

x Implementing TARPSs to identify, assess and respond to impacts to swamps;

x Carrying out mitigation and remediation works in a manner that protects to the

greatest practicable extent the environmental values of the area;

X Achieving the Performance Measures outlined in the SMP Approval, to the
satisfaction of the Secretary; and
X Monitoring and reporting effectiveness of the Plan.

To achieve these aims, monitoring, management, mitigation and remedi ation has been

incorporated into the mining activity proposed by ICHPL.

6.2 Trigger Action Response Plan

The TARPs relate to identifying, assessing and responding to potential impacts to swamps
(including impacts greater than predicted) from subsidence in Dendrobium Ar ea 3C.
Reporting of swamp triggers will be undertaken for all monitored swamp s in the Study Area,
however, performance measures are only applicable to Swamps 6, 7, 9, 16, 140, 141, 144, 145,

152, 154, 155, 156, 157. The TARP has been prepared using knowledge gai ned from previous
mining in other areas of Dendrobium, advice from the Panel (2023) a nd in consultation with

DPHI, WaterNSW and CPHR. The TARPs for Area 3C swamps are included in Appendix A: Table
1.2

The TARP has also been updated to address advice from the Panel (2024) in relation to the
LW21A SIMMCP:

A requirement to update the TARPs in the SIMMCP to include:

X the larger swamps (Swamps 7, 9, and 16), overlying swamps (Swamps 156 and 1 57)
and even the smaller remote swamps (Swamps 144, 145, 153, 154 and 155), so that
cU@ Raaaw ¢UO4& alaada Uaadl0ce 040 a@idadc@x Ua O cUawori aod
available for modelling and research purposes,
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x 148 R,0axiecda ed0@laadl0aUgeae Ua ¢cUP =2Uig aU ¢cU@ édasa O¢
make it clear that it is the extent of the whole swamp being considere d in this TARP,
x a4 R, 0axiecda !eéaMnolUdhang¥s in the ecosystem functionality of the
®ebada 0 aaxUUUGx ca Oxx R'a@0O |1 avavau UaxeO@x UOaAUD e
in:
0 Changes in the extent of sub-communities, particularly cyperoid heath and

teatree thicket, within a swamp

0 Changes in species composition and total species richness within a swamp

as a whole and within sub-communities within the swamp.

X a performance measure and indicator related to mining induced changes to the
water table in the shallow groundwater system any at newly established standpipe

locations.

Monitoring of Swamps 7, 6, 9, 16, 140, 141, 144, 145, 152, 154, 155,56 and 157 is being undertaken

under the SIMMCP. This data will be available for modelling and research purposes.
Reporting on these swamps will be undertaken in EoP Reports. Monitore d swamps have been
included in the TARP so that triggers identified in these swamps can be reported i n a timely
manner.

The swamp monitoring program includes changes in the extent of sub-commun ities and
changes in species composition and total species richness within the two complex swamps

in Area 3C YSwamp 7 and 16. TARP triggers apply to these swamps for reporting purposes

Reporting is included in the annual monitoring report and EoP Reports.

The TARP provides reporting and/or other actions to be taken upon reachi ng each defined
trigger level. Where deemed required, a Corrective Management Action (CMA) is developed
in consultation with key stakeholders in order to manage an observed impac t in
accordance with relevant approvals. The SIMMCP provides a basis for the design and
implementation of any mitigation and remediation. Generic CMAs will be developed as
required, in consultation with WaterNSW, to provide for a prompt respons e to a specific
impact that requires a specific CMA. If appropriate these discussions will consider whether
pre-approvals for the CMA can be obtained where immediate implementation is required.
Monitoring of environmental aspects provides key data when determining any require ment
for mitigation or rehabilitation. The triggers are based on comparison of baseline and
impact monitoring results. Specific triggers will continue to be reviewed and developed in
consultation with key stakeholders as the impact monitoring phase matur es. Where
required the triggers will be reviewed and changes proposed in impact assessment reports
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provided to government agencies or in EoOP Reports. Any changes to the trigg ers would

require approval of DPHI.

Swamp TARP Trigger Levels 1 to 3 allow initial assessment of monitoring data that can be
reported by the Environmental Field Team (EFT) in a timely manner. Assessment of the
influence of mining and/or climatic conditions occurs subsequently t o this trigger reporting

stage, generally in the EoP Report or in annual monitoring reports.

Level 1 triggers typically relate to the routine impacts from mining a nd/or natural (non-
mining) variability in the monitoring data. TARP level 1 impacts are repor ted to key
stakeholders via a variety or mechanisms, including an Impact Update Re port provided to

Government Agencies.

Level 2 and 3 TARPs may result in further investigations and reporting by appropria tely

qualified people. Impact assessment reports generally include:

X Study scope and objectives;
X Consideration of relevant aspect from this Plan;
X Analysis of trends and assessment of any impacts compared to prediction;
X Root cause analysis of any change or impact;
X Assessment of the need for contingent measures and management options;
X Any recommended changes to this Plan; and
X Appropriate consultation.
The Level 2 and 3 TARPs may require the development of site specific CMAs w hich include:
X A description of the impact to be managed,;
X Results of specific investigations;
X Aims and objections for any corrective actions;
X Specific actions required to mitigate/manage and timeframes for imple mentation;
X Roles and responsibilities;
x Gaining appropriate approvals from landholders and government agencies; and

X Reporting, consultation and communication.

Performance indicators provide a measure that indicates a deviation from baseline and/or

predictions and are used to establish whether a performance measure may be exceeded .
Where assessment confirms that a performance measure has been excee ded an
investigation to determine whether remediation is warranted and feasible wi Il be
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undertaken in consultation with key stakeholders. Where remediation is not feasible, the

performance measure will be met by offsetting for Swamp 154. It should be noted that all

swamps within the Area 3C mining domain are offset excluding Swamp 154. Therefore, the

predominate management actions for impacted swamps is offsetting under the SBO.

6.3 Avoiding and Minimising

Mine layouts for Dendrobium Area 3C have been developed using ICHPL aee %“ac@Ualc¢@x AUAD
Planning Process (IMPP). This process considers mining and surface imp acts when

designing mine layouts.

ICHPL has assessed mining layout options for Dendrobium Area 3C against the fo llowing
criteria:

X Extent, duration and nature of any community, social and environmental impacts;
x Coal customer requirements;

X Roadway development and longwall continuity;

X Mine services such as ventilation;

x Recovery of the resource for the business and the State; and

x Gas drainage, geological and geotechnical issues.

Several layout alternatives for Area 3C were assessed by ICHPL using a mult i-disciplinary
team including environment, community, mining, geological and exploration experti se.
These included variations in the number of longwalls and orientations, len gths, and
setbacks of the longwalls from key surface features. These op tions were reviewed, analysed

and modified until an optimised longwall layout in Area 3C was achieved.

Area 3C is part of the overall mining schedule for Dendrobium Mine and has been designed
to flow on from Areas 1, 2, 3A and 3B to provide a continuous mining operati on. There are a
number of surface and subsurface constraints within the vicinity of Area 3C in cluding major

surface water features such as Lake Cordeaux and Wongawilli Creek; and a number of
geological constraints such as dykes and faults. The process of devel oping the layout for
Area 3C has considered predicted impacts on major natural features and aime d to

minimise these impacts within geological and other mining constraints.

The layouts at Dendrobium Mine have been modified to reduce the potential f or impacts to
surface features. Changes to a mine layout have significant flow-on i mpacts to mine
planning and scheduling as well as economic viability. These issues need to be taken into
account when optimising mine layouts. The process adopted in designi ng the Dendrobium
Area 3C mine layout incorporated the hierarchy of avoid/minimise/mitigate a s requested
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by key stakeholders during the consultation process. Mine plan changes result in significant

business and economic impact, including:
X Reduction in coal extracted;
X Reduction in royalties to the State;

X Additional costs to the business;

x Risks to longwall production due to additional roadway development requirem ents;
and
X Constraints on blending which can disrupt the supply of coal to meet cus tomer

requirements.
Restricting mine layout flexibility can also have the following consequences:
X Additional energy used to ventilate the mine;

X Increased safety risks such as risk of frictional ignition on the | ongwall due to less

than optimal ventilation;

X Increased power usage, reduced fan lifespan and a requirement to install booster

fans;
X Requirement for heavy secondary support density;
x Potential for horizontal stress and vertical abutment concentrations;

X The risk of strata control associated with increased roadway development and

longwall install and take-off faces;
x Exposes the workforce to higher risk environments more frequently;

x Results in a large number of equipment movements and interaction with workers

and infrastructure; and
X Requires specialised equipment and skilled personnel with limited availability.

Longwall 21A is setback 510 m from the Lake Cordeaux FSL. Longwalls 22 and 23 have been
setback 345 and 320 m respectively from Wongawilli Creek and minimum of 300 m from
Lake Cordeaux. This setback also reduces subsidence movements at surfac e features in
proximity to Wongawilli Creek and Lake Cordeaux, including the tributaries WC26, WC24 , LCS6,
LC7 and CR36, and Swamps 16, 141, 145, 152, 154, 155 and 156.

The layout of proposed longwalls is designed to avoid Lake Cordeaux, Wongawill i Creek and
significant geological constraints. A summary of the geology of Longwall 21A is available in
Attachment G of the SMP.
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Wongawilli Creek is situated on the western side of the longwalls i n Area 3C. The thalweg
(i.e. base or centreline) of the creek is 320 m from the finis hing (i.e. western) end of Longwall
23, at its closest point. The minimum distances between the thalweg of the creek and the

completed longwalls are 110 m for Longwall 6 in Area 3A and 290 m for Longwall 9 i n Area 3B.

Sandy Creek is located to the south-east of the proposed Longwall 21A. The thalweg of the
creek is located approximately 980 m from the finishing (eastern) en d of the proposed
longwall, at its closest point. Sandy Creek Waterfall is located where Sandy Cre ek flows into
the Cordeaux Reservoir. The centre of the waterfall is located approximatel y 980 m from the
finishing end of the proposed longwall. Closure across the waterfall will be measured
monthly during the last 600 m of mining of the proposed longwall. The Trigge r Action
Response Plan (TARP) for Sandy Creek Waterfall has been reviewed and updated as part of

this Longwall 21A SMP. The Sandy Creek Waterfall Management Plan has been revised to
include the proposed Longwall 21A and includes regular technical committee review of data

and auditing against performance measures.

6.4 Mitigati on and Rehabilitation

If the performance measures in the Development Consent are not met, then following
consultation with CPHR, WaterNSW and Resources Regulator, the Secretary of DPHI may
issue a direction in writing to undertake actions or measures to miti gate or remediate
subsidence impacts and/or associated environmental consequences. The dire ction must
be implemented in accordance with its terms and requirements, in consul tation with the

Secretary and affected agencies.

Coastal Upland Swamps were determined to be an endangered ecological com munity
under the then Threatened Species Conservation Act 1995 (TSC Act) by the NSW Scientific
Committee in 2012. As indicated in Schedule 2, Conditions 1 and 14 of the Development
Consent (Minister for Planning 2008) and Condition 10 of the Area 3B SMP Approval
(Secretary DoPI 2013), the mitigation and rehabilitation described i n this Plan is required for
the development and an integral component of the proposed mining activity. To the extent
these activities are required for the development approved under the Dendrobi um Mine
Development Consent no other license under the TSC Act is require d in respect of those

activities.

At the time of grant of the Dendrobium Development Consent there was no requirement for
concurrence in respect of threatened species or ecological commu nities. The requirement
for concurrence was, at that time, governed by section 79B of the EPA Ac t. At the time of
grant of the Dendrobium Consent there was a requirement for consultation with the Minister

administering the then TSC Act and this consultation was undertaken.

Example mitigation and rehabilitation measures are outlined in the following sub- sections.
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6.4.1 Sealing of Rock Fractures

Where the bedrock base of any significant permanent pool or controlling roc kbar within
Wongawilli Creek is impacted from subsidence and where there is limit ed ability for these
fractures to seal naturally they will be sealed with an appropriate and approv ed grout.
Grouting will be focused where fractures result in diversion of flow from pools or through the
controlling rockbar. Significant success has been achieved in the remediation of the
Georges River where four West Cliff longwalls directly mined under the river and pool water

level loss was observed (BHP Billiton Illawarra Coal, 2006).

Such operations do have the potential to result in additional environmental impacts and
are carefully planned to avoid contamination. Mixing areas will be restricted to cleared
seismic lines or other open areas wherever possible. Bunds are use d to contain any local
spillage at mixing points. Temporary cofferdams can be built downstream of the grouting
operations to collect any spillage or excess grouting materials for disp osal off-site. The
selection of grouting materials is based on demonstrated effectivene ss and ensuring that

there is no significant impact to water quality or ecology.

6.4.2 Injection Grouting

Injection grouting involves the delivery of grout through holes drilled i nto the bedrock
targeted for rehabilitation. A variety of grouts and filler materials can be injected to fill the
voids in the fractured strata intercepted by the drill holes. The intenti on of this grouting is to

OO0UZeéd O Rae 404aBO00OURUCI RROIDA&A OPRAe 04ilUBBR@EE Y BaK O O

controlling rockbar.

Where alluvial materials overlie sandstone, grouts may be injected through grout rods to
seal voids in or under the soil or peat material. This technique was s uccessfully used at Pool
16 in the Georges River to rehabilitate surface flow by-pass to Pool 17 . In this case 1-2 m of

loose sediment was grouted through using purpose built grouting pipes.

Grouting holes are drilled in a pattern, usually commencing at a gri dspacingof 1l mx1mto
2 m x 2 m. The most efficient way to drill the holes taking into account potenti al
environmental impact is by using handheld drills. The drills are powered by compressed air
which is distributed to the work area from a compressor. The necessary e quipment will be
sited on cleared seismic lines or other clear areas wherever p ossible with hoses run out to

target areas.

Grout is delivered from a small tank into the ground via mechanical packers installed at the
surface. All equipment can be transported with vehicles capable of trave lling on tracks
similar to seismic lines. If necessary, equipment or materials can be flown to nearby tracks

or open spaces by a helicopter. Helicopter staging has previously occurred from Cordeaux
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Mine where there is appropriate logistical support. The grout is mixed a nd pumped
according to a grout design. A grout of high viscosity will be used if vertical fracturing is
believed to be present since it has a shorter setting time. A low viscos ity grout will be used if
cross-linking is noted during grouting. Once the grout has been installed the packers are

removed and the area cleaned.

After sufficient time for the product to set the area may be in-filled with additi onal grouting
holes that target areas of significant grout take from the previous pass. The grouting
program can normally be completed with hand held equipment. Wherever possible the
setup and mixing areas will be restricted to cleared seismic lines and other open areas.

Bunds are used to contain any local spillage at mixing points.

Grouting volumes and locations are recorded, and high-volume areas identified. Once the
grout take in the area is reduced and the material has set, the grouted section of the pool
is isolated and tested with local or imported clean water. The rate at whi ch the water drains
is measured and compared to pre-grouting results. The grouting process is iterative; relying
on monitoring of grout injection quantities, grout backpressures and measure ments of
water holding capacity. In the Georges River, the majority of pools were se aled with two to

three grout passes.

If flow diversion through a swamp rockbar occurs it may be more appropriate to implement
alternative grouting techniques such as a deep er grout curtain which can be delivered via

directional drilling technologies. Grouting should preferentially be u ndertaken at the
completion of subsidence movements in the area to reduce the risk of the area being re-

impacted. Figure 6-1 shows grouting operations in progress within the Georges River.

(a) Drilling into the bedrock (b) Grout pump station setup
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(c) Injecting grout into bedrock via a specially designed packer system

Figure 6-1 Rockbar grouting In The Georges River

6.4.3 Erosion Control

The types of erosion which could manifest within swamps are sheet, r ill, gully, tunnel and
stream channel. These types of erosion will be monitored in swamps i n the mining area as
well as in reference swamps not in the mining area. The types and magnitu de of any erosion
identified in swamps in the mining area will be compared to any erosion away from the
mining area.

Erosion can create preferred flow paths and where this erosion creates a topographic low
point within a swamp it could act to dewater the swamp sediments. To arrest thi s type of
dadaxelaaYy ROaU4& RAU xOaxa 040 U ackanGeBde@fionwtpathis atdlOrat #aeU & ¢
inception of tunnel/void spaces ( Figure 6-2 ). The square coir logs used for the construction

of these small dams were developed specifically for swamp rehabili tation and have been
successfully used during a number of swamp rehabilitation programs of re centyears in the

Blue Mountains and Snowy Mountains.
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Figure 6-2 Square coir logs for knick point control

As the coir log dams silt up they are regularly added to by the placement of additional layers

aU RaUex eacUR ¢cU@® 3aarR@x é0¢@ad OQUUAax ¢UQZ RxBlaed @D OghadU0Cad ¢
eroded channel, or the peat bed of the swamp. The coir logs are held in place by 50 x 50mm

wooden tree stakes and bound together with wire ( Figure 6-3).

The coir log dam slows the flows in the eroding drainage line such t hat the drainage line will

silt up and water in the swamp will once again flow through the swamp rather than being

concentrated in the eroding channel.

Figure 6-3 Installation of square coir logs

The most important aspect of these coir dams is the positioning of the first layer of coir logs.
A trench is cut into the swamp soil so the first layer sits on the underlying substrate or so the
top of the first coir log is at ground level ( Figure 6-4 ).
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Figure 6-4 Trenching & positioning of the first layer of coir logs and constructi onofa

small dam in an eroding swamp channel

The coir log dams are constructed at intervals down the eroding channel, th e intervals being

calculated on the depth of erosion and predicted peak flows and added to until the pooled

e0¢cP4& OPUU4ax ¢cUB RxOaea Uae O¢ a4 00aéd cdiogion Bti@spanttheU @ OO ab al
stream becomes, once again, a net water contributor to the swamp and not a net drainer

of water from the swamp. Where increased filtering of flows is r equired the coir logs are

wrapped in fibre matting ( Figure 6-5 ).

Figure 6-5 Small coir log dams with fibre matting

6.4.4 Water Spreading

Where sheet and rill erosion forms, these processes can reduce ve getation on the surface

and/or be a precursor to the formation of gully and stream channel erosion. Treat ment of

these areas can prevent the formation of channels and maintain swamp moi sture. The

treatment proposed includes water spreading techniques, involving long | engths of coir logs

O4dx UBaeaxaU04 RedeaeOUPxa RUAPDx caUBcU@a O0A4akkitdd D@ URaxie a8 @
behind them and slowly seeps through the water spreaders ( Figure 6-6 ). Where required

the water spreaders would be installed in shallow trenches within the sw amp and along the

higher margins.
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Figure 6-6 Round coir logs installed to spread water

Erosion control and water spreading involves soft-engineering materials that will contribute
to and function as part of the swamp system but will eventually degrade (biodegradable)
and become integrated into the soil of the swamps. This approach is ecologi cally
sustainable in that all the materials used can breakdown and become part of the organic
component of the swamp. This also removes the requirement for any post-rehab ilitation

removal of structures or materials.

6.4.5 Alternative Remediation Approaches

ICHPL has successfully implemented a subsidence rehabilitation progr am in the Georges

River where there were impacts associated with mining directly u nder streams. This
rehabilitation focused on grouting of mining induced fractures and strat a dilation to
reinstate the structural integrity and water holding capacity of the bedrock. M etropolitan
Colliery is currently undertaking work aimed at rehabilitating areas impacted by subsidence

using Poly-urethane Resin (PUR) and other grouting materials. ICHPL is co nsulting with
Metropolitan Colliery in relation to these new and emerging technologies. S hould
rehabilitation be necessary in Dendrobium Area 3B, the best option available at the time of
the rehabilitation work will be identified and with appropriate approval, implemented by

ICHPL.

Cracking due to subsidence will tend to seal as the natural processes of erosion and
deposition act on them. The characteristics of the surface materials and the prevailing
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erosion and depositional processes of a specific area will determine the rate of infill of

cracks and sealing of any fracture network.

6.4.6 Monitoring Remediation Success

Baseline studies have been completed within the Study Area in order to record biophysical
characteristics of the mining area. Monitoring is conducted in the area potentially affected
by subsidence from the Area 3B extraction as well as areas away from minin g to act as
control (reference) sites. The studies in these areas are based on the Before After Control

Impact (BACI) design criteria.

A comprehensive swamp monitoring program is in place for swamps identified in t his Plan.
A summary of swamp monitoring within Dendrobium Area 3B is provided in Section 3 . Inthe
event that monitoring reveals impacts greater than what is authorised by the approval,
modifications to the project, mitigation measures including remediation, of fsets or other
appropriate actions determined in consultation with the consent authority will be
implemented.

The monitoring program would remain in place prior to, during and following th e
implementation of any mitigation measures in Area 3B. The monitoring program i s based
on a BACI design with sampling undertaken at impact and control (reference) loc ations
prior to the commencement of mitigation, during mitigation and after the comp letion of the
mitigation actions. The monitoring locations/points for swamps within Dendrobium Area 3B

will be reviewed as required and can be modified (with agreement) accordingly.

Data will be analysed according to the BACI design. Statistical analyses between control,
impact and mitigation sites will be used to determine whether there are statistically
significant differences between these sites. This analysis will assist in determining the

success of any mitigation or natural reduction of mining impacts over time.

Observation data will also be collected as part of the monitoring pr ogram and be used to
provide contextual information to the above assessment approach. Monitori ng data and

observations will be mapped, documented and reported.

The water levels of all significant permanent pools within swamps will be monitored prior to
and during mining. These pool water levels will provide a direct compari son of pre-mining
and post mining conditions within the pool. Where rehabilitation activit ies are required to
restore the structural integrity of the bedrock base of any significant permanent pool or
controlling rockbar, the pool water level will also be monitored afte r the CMAs are
implemented. The rehabilitation will be successful if the measured pool water levels after a
rainfall recharge event are re-established to pre-mining conditions. The rainfall recharge
event is required to fill the pool so that the success of the CM A can be tested. A rainfall
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recharge event is where the watercourse flows into the significant pe rmanent pool to such

an extent that it is filled.

6.5 Biodiversity Offset Strategy
Where impacts are greater than predicted or not within approved levels , offset measures
will be considered. Any offset will consider the level of impac t requiring offsetting, the

measures available and the practicality and cost of implementing the measure.

Subject to Condition 14 of Schedule 3 of the Development Consent:

X The Applicant must provide suitable offsets for loss of water quality or loss of water
flows to WaterNSW storages, clearing and other ground disturbance (including ¢ liff
falls) caused by its mining operations and/or surface activities wi thin the mining
area, unless otherwise addressed by the conditions of this consent, to the

satisfaction of the Secretary. These offsets must:
(a) be submitted to the Secretary for approval by 30 April 2009;
(b) be prepared in consultation with WaterNSW;

(c) provide measures that result in a beneficial effect on water quality, water
ae0acUciyY 04e0c¢U0O ghamiamcPaae Oaxtad g0aRAUUAORUGRDUAUCC

Areas or water catchments.

ICHPL transferred 33 ha of land adjacent to the Cataract River to WaterNSW to me et the
above condition. A Strategic Biodiversity Offset (SBO) has been develope d in consultation
with CPHR and WaterNSW for the approval of the Secretary of DPE (now DPHI ). The Secretary
DPE approved the SBO in accordance with Condition 15 of Schedule 2 o f the Development
Consent for the Dendrobium Coal Mine on 16 December 2016. Following ongoing
consultation with DPHI, a revised SBO (October 2023) has been approved. The revised SBO
confirms the Maddens Plains land satisfies offset requirements for upland swamps located
in:

x Dendrobium Areas 3B and 3C identified in Table 3-1; and

x Dendrobium Areas 3A, 3B and 3C mapped on Figure 1 which cover swamps mapped
at the time the SBO was prepared in 2016 and impacts on Swamp 15a which do not

exceed performance measures under Condition 3 of Schedule 3 of the Consent.

CUo ADADR >¥£¥8ce #edatest SBM(Q023) captures all swamps except Swamp 154
and therefore negates the need for any management or remedial actions in the relevant
Area 3C SIMMCP and associated TARPs &

The Panel (2024) also notes that the current swamp monitoring program at Dendrob ium

Mine is important to assess the severity of impacts, and to collec t data for modelling and
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research purposes. In addition, the Swamp Rehabilitation Research Program (SRRP) Status

Report deals with, interalia, 822 @0&400 U4ca (UccR@BYalUaae ¢ca0®@ U&daU 40BaecadOc!

lease area and occupancy within the Maddens Plains offset site, as wel | as Giant Dragonfly
research. Ongoing routine monitoring of threatened species, as require d under SMP
approvals, has a significant role in understanding the impacts on threatened species and
thus on the role of offsets and the possibility of any rehabilitation program su ccesses. a
There is a provision under Section 6 of the SBO for suitable residual envi ronmental offsets to
be provided where mine-related impacts of the development on upland swamps are
identified to be beyond those approved and not satisfied by the SBO. T his would apply to
Swamp 154 as well as other swamps that may be impact ed such a s Swamps 89, 139, 140,
141 and 152.

6.6 Research

To assist in further understanding the impacts of subsidence and rehabil itation of swamps
ICHPL will undertake research to the satisfaction of the Secre tary. The research is directed

to improving the prediction, assessment, remediation and/or avoidance of subsidence

impacts and environmental consequences to swamps.

The program of research will continue through the mining of Area 3C and be adapt ive to
results as the program is implemented. The research will be conducted as provided by a
Swamp Rehabilitation Research Program (SRRP). The SRRP:

X investigates methods to rehabilitate swamps subject to subsidence impacts and
environmental consequences within Area 3A and 3B, with the aim of res toring
groundwater levels and groundwater recharge response behaviour to pre-mining

levels;

x establish a field trial (for a 5 year duration or longer) for rehabilitation techniques at

a swamp or swamps that have been impacted by subsidence;

x provide for the expenditure of at least $3.5 million over this period; and

X include a schedule of subsequent trials, development of work plans and o ngoing
reporting.

ICHPL provides a status report to the Secretary on the SRRP every 6 month S.
6.7 Contingency and Response Plan
In the event the TARP performance indicators are considered to have been exceeded, or are
likely to be exceeded, ICHPL will implement a Contingency Plan to manage any unpredicted
impacts and their consequences. This contingency and response pl an is applicable to
Swamp 154.
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This would involve the following actions:
x Identify and record the event.
x Notify Government agencies and specialists as soon as practicable.
x Conduct site visits with stakeholders as required.
x  Contract specialists to investigate and report on changes identified.
x  Provide incident report to relevant agencies.
x Establish weekly monitoring frequency for the site until stabilised.

x Inform relevant Government agencies of investigation results.

x Develop sit e CMA in consultation with key stakeholders and seek approvals.

x Implement CMA as agreed with stakeholders following approvals.

x  Conduct initial follow up monitoring and reporting following CMA completion.

X Review the SIMMCP in consultation with key Government agencies.

X Report in EoP Report and Annual Review

A site-specific rehabilitation action plan detailing the location an d specific works to be

implemented will be prepared following the identification of mining indu

degradation that exceeds the performance indicators specified in the TARPS.

The site-specific swamp rehabilitation action plan will be developed in

ced swamp

consultation with

relevant stakeholders. Authority to access the land to conduct works and im plement
environmental controls requires approval of WaterNSW.
Appendix A provides a summary of the mitigation and contingency measures proposed to

manage mining impacts where TARP reporting triggers are exceeded.
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7 INCIDENTS, COMPLAINTS, EXCEEDANCES AND NON-
CONFORMANCES

7.1 Incidents

ICHPL will notify DPHI and other relevant agencies of any incide nt associated with Area 3C
operations as soon as practicable after ICHPL becomes aware of the incident. ICHPL will
provide DPHI and any relevant agencies with a report on the incident wi thin seven days of

confirmation of any event.

7.2 Complaints Handling

ICHPL has a readily accessible contact point through a 24-hour toll-fr ee Community Call
Line (1800 102 210) and email address (community@gma3.au). The number is displayed on
the GM 2 website, prominently on ICHPL Projects and Mine sites in a position v isible by the
public as well as on publications, letters and other correspondence p rovided to the local
community. The call line is for all complaints and general enquiri es regarding environmental

or community issues associated with ICHPL operations.

Community complaints and enquiries may also be received in person by any employee of
ICHPL, with details to be immediately shared with the Community Team f or investigation. All
complaints received in relation to Dendrobium Mine will be managed in ac cordance with

the Handling Community Complaints, Enquiries and Disputes Procedure.

Upon receipt of a community complaint, preliminary investigations will commen ce as soon
as practicable to determine the likely cause of the complaint. An initial response will be
provided to the complainant within 24 hours of the complaint being made, with a follow up
response being provided as soon as practicable once a more detailed inv estigation is
complete.
A summary of all complaints received during the reporting year will be provided as part of
the Annual Review. A log of complaints is also maintained on the GM?® website.

o}
7.3 Non-Conformance Protocol
The requirement to comply with all approvals, plans and procedures is the respo nsibility of
all personnel (staff and contractors) employed on or in association with De ndrobium Mine
operations. Regular  inspections, internal  audits and initiation of any
remediation/rectification work in relation to this Plan will be undertaken by th e Principal
Approvals.
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Non-conformances, corrective actions and preventative actions are manage d in
accordance with the following process:

x ldentification and recording of non-conformance and/or non-compliance.

x Evaluation of the non-conformance and/or non-compliance to determine sp ecific

corrective and preventative actions.

x Corrective and preventative actions to be assigned to the responsible pers on.
X Management review of corrective actions to ensure the status and effectiveness of
the actions.

An Annual Review will be undertaken to assess ICHPL aee 04aaRU040@ eUcU ORR OaaxUgUa

Dendrobium Development Consent , Mining Leases and other approvals and licenses.

An independent environmental audit will be undertaken (Schedule 8, Co ndition 6) to review
the adequacy of strategies, plans or programs under these approvals and if appropriat e,

recommend actions to improve environmental performance. The independent

environmental audit will be undertaken by a suitably qualified, experienc ed and
independent team of experts whose appointment has been endorsed by the Secretary of
DPHI.

85



Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan

8 PLAN ADMINISTRATION
This SIMMCP will be administered in accordance with the requireme nts of the ICHPL
Environmental Management System (EMS) and the Dendrobium Development Cons ent

Conditions. A summary of the administrative requirements is provided below.

8.1 Roles and Responsibilities

Statutory obligations applicable to Dendrobium Mine operations are identifi ed and

managed via an online compliance management system (TICKIT).

The overall responsibility for the implementation of this SIMMCP res ides with the Manager
"a38aé0R® éUa «eU0ORR O ¢cUB AYAATAae OecUadlalUal avluUO@A;
Responsibilities for environmental management in Dendrobium Area 3C and the

implementation of the SIMMCP include:

Manager Approvals

X Ensure that the requisite personnel and equipment are provided to enable this
SIMMCP to be implemented effectively.

X Authorise the SIMMCP.
Principal Approvals
x Develop the SIMMCP and any amendments thereto.
x Document any approved changes to the SIMMCP.
x  Provide regular updates to ICHPL on the results of the SIMMCP.
x Arrange information forums for key stakeholders as required.
X Prepare any report and maintain records required by the SIMMCP.
x Organise and participate in assessment meetings called to review mining im pacts.

X Respond to any queries or complaints made by members of the public in relat ion to
aspects of the SIMMCP.

X Organise audits and reviews of the SIMMCP.

X Address any identified non-conformances, assess improvement ideas and

implement if appropriate.
x Arrange implementation of any agreed actions, responses or remedial measures.

x Ensure surveys required by this SIMMCP are conducted and record details of

instances where circumstances prevent these from taking place.
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Coordinator Environment

X Instruct suitable person(s) in the required standards for inspections, recording

reporting and be satisfied that these standards are maintained.
X Investigate significant subsidence impacts.
x ldentify and report any non-conformances with the SIMMCP.
x Participate in assessment meetings to review subsidence impacts.

X Bring to the attention of the Principal Approvals any findings indicating an

immediate response may be warranted.

X Bring to the attention of the Principal Approvals any non-conformances identified

with the SIMMCP provisions or ideas aimed at improving the SIMMCP.

Survey Team Coordinator
X Collate survey data and present in an acceptable form for review at assess

meetings.

X Bring to the attention of the Principal Approvals any findings indicating an

immediate response may be warranted.

x Bring to the attention of the Principal Approvals any non-conformances identif

with the Plan provisions or ideas aimed at improving the SIMMCP.
Technical Experts

X Conduct the roles assigned to them in a competent and timely manner to the

satisfaction of the Principal Approvals and provide expert opinion.
Person(s) Performing Inspections

x Inform the Coordinator Environment of any non-conformances identified with the

Plan, or ideas aimed at improving the SIMMCP.

X Conduct inspections in a safe manner.

8.2 Resources Required

The Approvals Manager provides resources sufficient to implement this SIMMCP.

and

ment

ied

Equipment will be needed for the TARP provisions of this SIMMCP. Whe re this equipment is

of a specialised nature, it will be provided by the supplier of the relevant service.

All

equipment is to be appropriately maintained, calibrated and service d as required in

operations manuals.

The Approvals Manager shall ensure personnel and equipment are provided as required to

allow the provisions of this Plan to be implemented.
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8.3 Training

All staff and contractors working on ICHPL sites are required to complete t he ICHPL training

program which includes:

X An initial site induction (including all relevant aspects of environment, heal th, safety

and community).

x Safe Work Method Statements and Job Safety Analyses, Toolbox Talks and pr e-shift

communications.

x On-going job specific training and re-training (where required).

Itis the responsibility of the Principal Approvals to ensure that all pe rsons and organisations
having responsibilities under this SIMMCP are trained and understand their respo nsibilities.
The person(s) performing regular inspections shall be under the supervisi on of the
Coordinator Environment and be trained in observation, measurement and reporti ng. The
Coordinator Environment shall be satisfied that the person(s) performing the inspe ctions

are capable of meeting and maintaining this standard.

8.4 Record Keeping and Control

Environmental Records are maintained in accordance with the ICHPL document control

requirements.

ICHPL document control requirements include:
x Documents are approved for adequacy by authorised personnel prior to use.
X Obsolete documents are promptly removed from circulation.

x Documents are reissued, or made available, to relevant persons in a timely fashion

after changes have been made and the authorisation process is complete.

The SIMMCP and other relevant documentation will be made available on the South32
website in accordance with Condition 11, Schedule 2 of the Development Conse nt.

8.5 Management Plan Review

A comprehensive review of the objectives and targets associated with th e Dendrobium
Area 3C operations is undertaken on an annual basis via the planning process . These
reviews, which include involvement from senior management and other key s ite personnel,
assess the performance of the mine over the previous year and devel op goals and targets

for the following period.

An annual review of the environmental performance of Dendrobium Area 3C operations will

also be undertaken in accordance with Schedule 8, Condition 5. More sp ecifically this
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SIMMCP will be subject to review (and revision if necessary, to the satisfaction of the

Secretary ) following:

X The submission of an annual review under Schedule 8, Condition 5.

X The submission of an incident report under Schedule 8, Condition 3.

X The submission of an audit report under Schedule 8, Condition 6.

X Any modification to the conditions of this Dendrobium Development Consent or SMP

approval.

If deficiencies in the EMS and/or SIMMCP are identified in the interi m period, the plans will be
modified as required. This process has been designed to ensure that all environmental
documentation continues to meet current environmental requirements, includi ng changes

in technology and operational practice, and the expectations of stakeholders.
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Appendix A: Dendrobium Area 3 Swamp Monitoring Program and Area 3C Trigger Action Response Plan

Swamp monitoring within Dendrobium Area 3 will be installed ahead of mining to achieve at least 2-years baseline data (subject to timing and approval timeframes of

any request to install additional monitoring). Monitoring is generally conducted through the mining period and for 2-years following active subsidence. Where
performance measures require more than 2 years of post-mining monitoring, this will be undertak en. Where impacts are observed the monitoring period will be reviewed
and this review will be reported in Impact Reports and End of Panel Reports. For Level 2 and 3 Triggers and for impacts exceeding performance indicators this review is

conducted in consultation with key stakeholders. The location of monitoring sites is indica ted on the figures of the relevant SIMMC P.

Table 1.1 YDendrobium Area 3 Swamp Monitoring Program

Monitoring Site

OBSERVATIONAL, PHOTO POINT AND WATER MONITORING

Site Type

Monitoring Frequency

Parameters

Swamps 12, 15A, 15B, 15C, 34, 95, , 146, 147 and 148

Observation and photo point

Pre and post mining for 2 years, monthly when

General observation of swamps in active mining

Swamps 22 and 33, plus additional reference swamps where ALS
data is available.

Monitoring Site
SHALLOW GROUNDWATER LEVEL AND SOIL MOISTURE

Site Type

Monitoring Frequency

% monitoring: longwall is within 400 m of monitoring site areas when longwall is within 400 m of swamp
5 . Sites based on risk
4 Reference Sites s v i . d | levels wh
= | swamps 22, 24, 25, 33, 84, 85, 86, 87 and 88 wamps ekt inspection and pool water fevels when Visual signs of impacts to swamps and
Pools and rockbars longwall is within 400 m of monitoring site drainage lines (i.e. cracking, vegetation
Swamps 01A, 01B, 03, 04, 05, 08, 10, 11, 13, 14, 23, 3535B, 149, 150 and Steep slopes and roc_k outcrops _ changes, increased erosion, changes in water
§ 151 Previously observgd |mp§cts that Reference sites 6-monthly colour, soil moisture etc.) determined by
E w.arlrant follow-up inspection comparing baseline photos with photos during
< | Reference Sites Mining areas the mining period
Swamps 22, 24, 25, 33, 84, 85, 86, 87 and 88
Swamps 6, 7, 9, 16, 140, 141 144, 145, 152, 153, 1345, 156, 157 Key water quality parameters in pools within
8 and downstream of swamps analysed to
< identify any changes resulting from minin
& | Reference Sites v any chang 9 ¢
2 Swamps 22, 24, 25, 33, 84, 85, 86, 87, 88 and 131
EROSION MONITORING
< Swamps 12, 15A, 15B, 15C, 34, 95, 96, 146, 147 and 148 Airborne Laser Scanning ALS base surveys were completed in December Raw ground strike ALS data will be contoured
E 2005, with a verification base survey performed with a 0.2 m interval after the completion of
o Surveyed cross-sections, areas and in 2013, immediately prior to the subsidence at each longwall to provide a new
< lengths commencement of Longwall 9 extraction (subsided) baseline surface dataset. For a
Swamps 01A, 018, 03, 04, 05, 08, 10, 11, 13, 14, 23, 35368, 149, 150, 151 period of up to ten years after mining repeat ALS
% Ground based surveys to be completed for datasets and surface modelling will be
j Ref sit each longwall after each longwall or to define completed to assess for new or increases in
% elerence sites any new erosions identified by ALS survey existing erosion. The maximum area/length and
Swamps 22, 24, 25, 33, 84, 85, 86, 87 and 88 depth of any erosion identified by ALS will be
Swamps 6, 7, 9, 16, 140, 141, 144, 145, 152, 153, 1885, 156, 157 measured by standard survey methods
O
™
< .
g Reference Sites
<

Parameters




AREA 3A

Swamp 15A: 15a_03, 15a_04, 15a_06 15a 07, 15a 08, 15a_ 0 9,

15a_11, 15a_12, 15a_15, 15a_18 and 15a_19,
Swamp 15B: 15b_H1, 15b_H2, 15b_H3, and 15b_39
Swamp 12: 12_01, 12_03, 12_04

Swamp 34: 34_01

Swamp 95: 95_01

Swamp 146: 146_01

Swamp 148: 148_01

AREA 3B

Swamp 01A: 0l1a_04ii, 01a_04iii
Swamp 01B: 01b_02iii, 01b_02iv
Swamp 03: 03_01

Swamp 05: 05_01, 05_04
Swamp 08: 08_01, 08_04
Swamp 10: 10_01

Swamp 11: 11-H1, 11-H2, HB
Swamp 13: 13_01

Swamp 14: 14_01, 14_02
Swamp 23: 23_01, 23_02
Swamp 35A: 35A_01

Swamp 35B: 35B_01

Swamp 150: 150_01

Swamp 151: 151_01

Reference Sites

Swamp 22: 22_01, 22_02
Swamp 24: 24 01

Swamp 25: 25 _01

Swamp 33: 33_01, 33_03
Swamp 84: 84_01

Swamp 85: 85_01, 85_02, 85_03
Swamp 86: 86_01, 86_02, 86_03
Swamp 87: 87_01, 87_02
Swamp 88: 88_01, 88_02

AREA 3C

Swamp 6: 06_01

Swamp 7: 07_05, 07_06, 07_07
Swamp 9: 09_01, 09_02
Swamp 16: 16_01, 16_03
Swamp 140: 140_01
Swamp 141: 141 01
Swamp 144: 144 01
Swamp 145: 145_01
Swamp 152: 152_01
Swamp 153: 153 01
Swamp 154: 154 _01
Swamp 155: 155_01
Swamp 156: 156_01
Swamp 157: 157_01

Where sediment depth allows installation of instrument.

Monitoring bore hand augured
drilled into the soil profile.

or

Reference sites 6 monthly

For instrumented sites:

Automatic groundwater level monitoring pre,
during and post mining (1-hour interval or
similar)

Monitoring post mining for five years to be
reviewed annually

Piezometric and dip meter monitoring of shallow
groundwater level

Installed dielectric soil moisture sites down to a
maximum depth of 1.2 m to measure deep soil
moisture at various depths down-profile




Monitoring Site

Site Type

Monitoring Frequency

Parameters

TERRESTRIAL FLORAY COMPOSITION AND DISTRIBUTION OF SPECIES

Swamps 15B and 15A

Reference Sites
Swamps 22, 33, 86, 87, 88 and 131

AREA 3A

Swamps 01A, 01B, 05, 11, 13, 14 and 23

Reference Sites
Swamps 22, 33, 86, 87, 88 and 131

AREA 3B

Swamps 7 and 16

Reference Sites
Swamps 22, 33, 86, 87, 88 and 131

AREA 3C

Swamp vegetation transects

Baseline monitoring campaign at least two
years prior to mining during spring. Note:
Swamps 23 and 14 baseline monitoring
included both autumn and spring seasons for
one year prior to mining.

Annual post mining in spring for two years or as
otherwise required

General observation of active mining areas
during all other monitoring

15 m transects consisting of thirty 0.5 m x 0.5 m
quadrats. The monitoring records:

{ Presence of all species within each
quadrat;

{ Observations of dieback or changes in
community structure; and

{ Photo point monitoring at each transect

TERRESTRIAL FLORAY SWAMP SIZE AND ECOSYSTEM FUNCTION

Swamp 15A, 15B, 148

<<
™
)
E( Reference Sites
Swamp 22, 33, 85, 22, 86 and 131
o Swamps 01A, 01B, 05, 8, 11, 13, 14 and 23
™
)
E Reference Sites
Swamp 22, 33, 85, 22, 86 and 131
& Swamps 6, 7, 9, 16, 140, 141, 144, 145, 152, 153, 1345, 156, 157
™
E Reference Sites
<

Swamp 22, 33, 85, 22, 86 and 131

Size of the groundwater dependent
communities (Banksia Thicket, Tea-
tree Thicket and Sedgeland-heath
Complex) and the total size of the
swamps

Baseline mapping prior to mining with repeat
mapping after each longwall or as determined
by observational monitoring i.e. if dieback or
invasion of non-swamp species is observed

Detailed mapping including the use of LIDAR

data to indicate the location and extent of

upland swamp boundaries. Ground-truthing of

these boundaries and the vegetation sub-
communities will be undertaken if subsequent

Lidar data shows swamp boundary movemen ts

TERRESTRIAL FAUNAY THREATENED FROG SPECIES

SC10C, SC10(1), SC10(2), 6CDL, WC13 and WC17

<<

2 Reference Sites

w

% WC10, WC11, SC7(1), SC7(2), SC7A, SC8, DC8, CR92, CR29D

o DC13, DC1, WC21, LA4A, LA2, ND1 NDC, ND2 and WC15

™

g Reference Sites
WC10, WC11, SC7(1), SC7(2), SC7A, SC8, DC8, CR92, CR29D
LC5, LC6, LC7, WC20, WC24 and WC26

O

3]

< .

g Reference Sites

<

WC10, WC11, SC7(1), SC7(2), SC7A, SC8, DC8, CR92, CR29D

Frog monitoring transects along
targeted creek lines

Surveys are undertaken in winter each year to
target active breeding periods (these can be
variable depending on prevailing conditions)

To address recommendation from Niche
(2019), rainfall or hydrometric trigger values for
surveys will be developed for surveys to allow
for greater consistency between years which
would aid in comparison of results (pre- versus
post- mining and impact versus control).

For swamps frog surveys are conducted along
associated creeks with a focus on features
susceptible to impacts e.g. breeding pools.
AacgacUoOR 04g@xVU4au UOOUgOg U4
Frog and Giant Burrowing Frog will be targeted.
Standardised transects have been established
to record numbers of individuals recorded at
each site from one year to the next. Tadpole
counts will also be undertaken as part of the
breeding habitat monitoring transects. These
transects are surveyed by walking down the
creekline and counting all amphibians seen or
heard on either side of the line




Monitoring Site
TERRESTRIAL FAUNAY GIANT DRAGONFLY MONITORING

Site Type

Monitoring Frequency

Parameters

Swamp 15A

<

™

< .

E Reference Sites

< | swamps 33, 131, 132 and 22
Swamps 1B, 11 and 14

m

(57}

< .

& Reference Sites

< | swamps 33, 131, 132 and 22
Swamps 7, 9 and 16

O

™

ﬁ Reference Sites

14

<

Swamps 33, 131, 132 and 22

Giant Dragonfly monitoring in targeted
swamps

Surveys are undertaken in summer during the
emergence period.

Surveys will involve conducting visual searches
through each of the identified swamps for
adults, burrows and exuviae. Observations will
include counts of all individuals seen and where
possible the sex of the individual observed, as
well as any other behaviours observed (e.g.
mating, courtship, or mate guarding).

AQUATIC ECOLOGY

Sandy Creek Catchment
Site 11 and 12(SC10)
Site 13 (SC10C)

Site 9 (Sandy Creek)

Wongawilli Creek Catchment
Sites 6, X2 and X3 (WC21)
Sites 1, 2, 3, 4, 5,20 21, 23, 24, X4, X5 and X6 (Wongawilli Creek)

Donalds Castle Creek Catchment
Site 14, X1 (Donalds Castle Creek)

Reference Sites

Sites X7 and X8 (Wongawilli Creek)
Sites 7 and 8 (Sandy Creek)

Sites 15 and 16 (Kentish Creek)

Quantitative and observational
monitoring

Two annual baseline monitoring campaigns
prior to mining during autumn and spring
(providing 2 years of baseline data where
possible)

Monitoring during mining in autumn and spring

Monitoring post mining for two years or as
otherwise required

Monitoring targets sites as mining progresses
through the domain

Macroinvertebrate sampling and assessment
using the AUSRIVAS protocol and quantitative
sampling using artificial collectors.

In consideration of Adams Emerald Dragonfly
and Sydney Hawk Dragonfly, individuals of the
genus Austrocordulidae  and
Gomphomacromiidae are identified to the
taxonomic level required to confirm any listed
threatened species.

General fish surveys undertaken during each
survey using dip nets, baited traps and visual
observations.

Targeted surveys for Macquarie perch
undertaken using backpack electrofishing, fyke
netting and/or eDNA as required.




Table 1.2 - Dendrobium Area 3C Swamp TARP

Performance

Measure °
EROSION

Potential
Impacts

Monitoring
Sites

Parameters

Monitoring Frequency

Reporting Trigger

Trigger Response

Minor erosion

of the surface

of the Swamp s
6, 7,9, 16, 140,
141144, 145, 152
154, 155, 156, 157

Other Area 3C
Swamps:

No
performance
measure
applies.

The monitoring
and TARP
objective for
other Area 3C
swampsis to
enable
reporting of
swamp triggers
in a timely
mann er and
provide data for
modelling and
research
purposes.

Gully erosion
or similar

Swamps 6,
7,9, 16, 140,
141144, 145,
152, 154, 155,
156, 157

Raw ground strike
ALS data will be
contoured with a

0.2 m interval after
the completion of
subsidence at each
longwall to provide a
new (subsided)
baseline surface
dataset. For a period
of up to ten years
after mining repeat
ALS datasets and
surface modelling
will be completed to
assess for new or
increases in existing
erosion. The
maximum
area/length and
depth of any erosion
identified by ALS will
be measured by
standard survey
methods.

ALS base surveys
completed prior to
mining.

Surveys to be repeated
after each longwall or to
define any new erosion
areas identified by ALS
survey.

ECOSYSTEM FUNCTION - SWAMP SIZE

Level 1 x  Continue monitoring program
The increase in length of erosion within the swamp X Submit impact report to key stakeholders
(compared to its pre-mining length) is 2% of the swamp X Report in the End of Panel Report
length or area; and/or X Summarise actions and monitoring in
Annual Review

Erosion in a localised area (not associated with cracking or
fracturing) which would be expected to naturally stabilise
without CMA and within the period of monitoring.
Level 2 X Actions as stated for Level 1
The increase in length of erosion within the swamp X Review monitoring frequency
(compared to its pre-mining length) is 3% of the swamp X Seek expert and agency advice on any
length or area; and/or CMA required

x  Implement agreed CMAs as approved
Soil surface crack that causes erosion that is likely to stabilise (subject to agency feedback) e.g.
within the monitoring period without intervention; and/or implement temporary erosion control (e.g.,

knickpoint control, coir logs)

Gully knickpoint forms or an existing gully knickpoint becomes
active.

X Actions as stated for Level 2

X Offer site visit with key stakeholders

X Implement additional monitoring or

increase frequency if required
X Develop any additional CMA required in

consultation with key stakeholders

Completion of works following approvals and at
a time agreed between ICH and key
stakeholders including monitoring and reporting

on success

X Actions as stated for Level 3

X Prepare and implement site-specific
rehabilitation action plan in consultation
with key stakeholders

X Implement contingency plan

® The performance measures can be met by either avoidance, mitigation,

remediation or offsetting or any combination of these measures. The SBO

does not offset swamps 89, 139, 140, 141, 152 and 154.




Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response
Measure ° Impacts Sites
Minor changes Area 3C Swamps 6, Size of the Baseline mapping prior Level 1 X Continue monitoring program
in the size of the mining 7,9, 16, 140, | groundwater to mining with repeat A trending decline in the extent of an upland swamp X Report in annual terrestrial monitoring
Swamp s 6,7, 9, induced 141144, 145, | dependent mapping annually or as (combined area of groundwater dependent communities) for report
16, 140, 141, 144, | hydrological 152, 154, 155, | communities determined by two consecutive monitoring periods, greater than observed in X Summarise in the End of Panel Report
145, 152, 154, 155,| changes in 156, 157 (Banksia Thicket, observational the Control Group, and exceeding the standard error (SE) of X Summarise actions and monitoring in
156, 157 swamps Tea-tree Thicket and monitoring i.e. if dieback the Control Group. Annual Review
result in Sedgeland-heath or invasion of non-
Other Area 3C decline in Complex) and the swamp species is Level 2 X Actions as stated for Level 1
Swamps: size of total size of the observed A trending decline in the extent of an upland swamp X Review monitoring frequency
No groundwater swamps. (combined area of groundwater dependent communities) for x  Follow up ground-truthing of swamp
performance dependent three consecutive monitoring periods, greater than observed boundaries and the vegetation sub-
measure communities Detailed mapping in the Control Group, and exceeding the SE of the Control communities to confirm results
applies. including the use of Group.
The monitoring LiDAR data to
objective for indicate the location X  Actions as stated for Level 2
other Area 3C and extent of upland x  Offer site visit with key stakeholders
swamp size is swamp boundaries.
to provide data Ground-truthing of
for modelling these boundaries
and research and the vegetation
purposes. sub-communities
will be undertaken if X Actions as stated for Level 3
subsequent LIDAR x  Implement contingency plan
data shows swamp X Undertake specialist assessment of
boundary performance measure to confirm changes
movements. are mining-induced
x  Investigate potential remediation and
offsetting options in consultation with key
stakeholders
X Prepare and implement remediation
action plan and/or offsets as
agreed/approved.
ECOSYSTEM FUNCTION - HYDROLOGY
Minor changes Area 3C Swamp 7: Shallow For instrumented sites: Level 1 X Continue monitoring program
in the mining 07_05, groundwater level - Automatic groundwater Rate of groundwater level recession exceeds rate of recession X Submit impact report to key stakeholders
ecosystem induced 07_06, Piezometric and dip level monitoring pre, during baseline period at any monitoring site within the X Report in the End of Panel Report
functionality of hydrological 07_07 meter monitoring of during and post mining swamp (measured as average mm/day during the recession X Summarise actions and monitoring in
Swamp 6, 7, 9, changes in Swamp 9: shallow groundwater (2-hour interval or curve and where the 95%ile of pre- and post-mining Annual Review
16, 140, 141, 144, | swamps 09_01, level. similar) recession rates are used for comparison); or X Report in the End of Panel Report for HBSS
145, 152, 154, 155, | result in falls 09_02 Monitoring post mining piezometers
156, 157 in surface or Swamp 16: Soil moisture level - for five years to be 5-10% increase in period of time a borehole is dry compared X
near- 16_01, Installed dielectric reviewed annually. to baseline at any monitored groundwater level site within the
Minor changes surface 16_03 soil moisture sites swamp.
to the groundwater Swamp 144: down to a maximum Automatic soil moisture The groundwater level or piezometric head in the
hydrology of levels in the 144 01 of 1.2 m to measure monitoring pre, during groundwater monitoring borehole piezometer declines below
the Swamp 6, 7, swamp deep soil moisture at and post pre-mining baseline and below the elevation of the swamp




Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response

Measure ° Impacts Sites
9, 16, 140, 141, 144 Swamp 145: various depths Monitoring post mining base for more than 6 months after mining passes the
145, 152, 154, 155,| Area 3C 145 01 down-profile. for five years to be monitoring location for Swamps 7 and 9.
156, 157 minin. Swamp 153: reviewed annually. -
) 9 P ) . y Level 2 X Actions as stated for Level 1
induced 153 01 Piezometric . . . . o
. o Groundwater or soil moisture level lower than baseline level X Review monitoring frequency
Shallow hydrological Swamp 154: monitoring of L . o
. at any monitoring site within the swamp; or
Groundwater: changes in 154_01 groundwater
The swamps Swamp 155: borehole s. X
) Rate of groundwater level recession exceeds rate of
groundwater result in falls 155 01 . i .
. ) groundwater level recession by >20 to 50% during baseline
level or in soil Swamp 156: . . . L
. ) ) period any monitoring site within the swamp (measured as
piezometric moisture 156_01 ) .
) ) average mm/day during the recession curve and where the
head in the levels in the Swamp 157: . _ .
95%ile of pre- and post-mining recession rates are used for
groundwater swamp 157_01 X
o comparison); or
monitoring
borehole Area 3C Groundwat . . . . .
. . 10-20% increase in period of time a borehole is dry compared
piezometer mining er ) . L
) . to baseline at any monitored groundwater level site within the
declines below induced S2208
. A swamp.
pre-mining hydrological D- GW- 24
baseline and changes in -
x  Actions as stated for Level 2
below the swamps L
. ) X Offer site visit with key stakeholders at End
elevation of the resultin
; of Panel
swamp base piezometer _ o )
’ X Obtain specialist advice on the need to
for more than 6 declines .
undertake an ecological survey.
months after below pre-
mining passes mining
the monitoring baseline and
location for below the
Swamps 7 and elevation of
9 the swamp
base . -
Other Area 3C X :—\ctllons as statgd for LevTI 3
Swamps: X Implement contlhgency plan
No x  Undertake specialist assessment of
performance measure to confirm changes
performance o
are mining-induced
measure . . -
. x Investigate potential remediation and
applies. . . . . .
. offsetting options in consultation with key
The monitoring
and TARP stakeholders'
objective for X Prepzr.e .j:lnd |mPIem:ant ag(r;/eed .
other Area 3C remediation action plan and/or offsets
swamps is to
enable
reporting of
swamp triggers
in a timely
manner and

6 Average rainfall = (based on IMC Centroid rainfall data)



Performance Potential Monitoring Parameters

Sites

Measure ° Impacts

provide data for
modelling and
research
purposes.

Monitoring Frequency

Reporting Trigger

COMPOSITION OR DISTRIBUTION OF SPECIES

Trigger Response

objective for
other Area 3C
swamps is to
enable
reporting of
swamp triggers
and provide
data for
modelling and
research

x

Photo point

purposes.

Minor change Area 3C Swamps 7 Swamp vegetation

to the mining and 16 transects.

composition or induced

distribution of hydrological 15 m transects

spe cies within changes in consisting of thirty

Swamps 7 and swamps 0.5mx0.5m

16 resultin a quadrats. The
decline in monitoring records:

Other Area 3C species x Presence of all

Swamps: richness, species within

No distribution, each quadrat;

performance composition x Observations of

measure and die back or

applies. diversity. changes in

The monitoring .

and TARP community

structure; and

monitoring at
each transect.

Baseline monitoring
campaign at least two
years prior to mining
during spring.

Annual post mining in
spring for two years or as
otherwise required

General observation of
active mining areas
during all other
monitoring

STRUCTURAL INTEGRITY OF CONTROLLING ROCKBAR

Level 1 X Continue monitoring program

A statistically significant difference (decline) in TSR or speci es X Report in annual terrestrial monitoring
composition as part of a Before-After-Control-Impact report

approach over two consecutive years (e.g. impact detected X Summarise actions and monitoring in the
in each of 2023-2024 and again 2024-2025 impact years). End of Panel Report and Annual Review
The change over two consecutive years will be tested at a

2¢0cUaecUOORRI 20UAUUUOOAG RBEDR AU "7

Level 2 X Actions as stated for Level 1

A statistically significant difference (decline) in TSR or speci es X Seek expert advice on any CMA required.
composition as part of a Before-After-Control-Impact X Implement agreed CMAs as approved.
approach over three consecutive years (e.g. impact detected

in each of 2023-2024, 2024-2025 and 2025-2026 impact

years). The change over three consecutive years will be

cBeaec@dx O¢ O ®e¢O¢UaecUOORRI aUUAUUUOO

x  Actions as stated for Level 2

x  Develop any additional CMA in consultation
with key stakeholders. This may include
additional vegetation management actions
(e.g. water spreading, seeding/planting,
weeding)

x  Completion of works following approvals
and at a time agreed between ICH and key
stakeholders including monitoring and
reporting on success.

X Actions as stated for Level 3

x  Implement contingency plan

X Undertake specialist assessment of
performance measure to confirm changes
are mining-induced.

x  Investigate potential remediation and
offsetting options in consultation with key
stakeholders

X  Prepare and implement agreed

remediation action plan and/or offsets




Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response
Measure ° Impacts Sites
Maintenance Subsidence Any Logged and manual Hourly water levels for Level 1 x  Continue monitoring program
or restoration impacts (i.e. identified water levels  Ywater logged sites. Fracturing to rockbar base of any significant permanent pool X Submit impact report to key stakeholders
of the structural cracking) on significant level relative to an or controlling rockbar within the swamp x  Report in the End of Panel Report
integrity of bedrock permanent installed benchmark. Manual benchmarks and X Summarise actions and monitoring in
rockbar base of base or pools with visual observations Y Annual Review
any significant controlling controlling Manual water level monthly prior to and Level 2 x  Actions as stated for Level 1
permanent rockbar ro.ck_bars measurement ¥ after mining; weekly Fracturing to rockbar base of any significant permanent pool X Review monitoring frequency
pool or lvlejzlr: sin fﬁistance from during active or controlling rockbar within the swamp results in cease- to-
controlling Loss of the Sts dy lnSta"e‘j benchmark subsidence. flow when this condition has not been observed in the
rockbar within surface Area’ 0 water level. baseline period.
the Swamp 6, 7, water in Visual observations
9, 16, 140, 141, 144 significant Ypool inflow and X Actions as stated for Level 2
145, 152, 154, 155,| permanent outflow status, x  Offer site visit with key stakeholders
156, 157 pools REOc@A U4 aaan
observations. Visual
signs of impact (i.e X Actions as stated for Level 3
cracking of rockbar). x  Implement contingency plan
X Investigate potential remediation and
offsetting options in consultation with key
stakeholders
x  Prepare and implement agreed
remediation action plan and/or offsets
7 No significant permanent pools in swamps have been identified in the Study Area
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Appendix B YAgency Feedback and Responses

Table 9-1 Agency feedback and responses YLongwalls 20 and 21
LW20-21 AGENCY SUBMISSION ‘ RESPONSE
BCD Submission ICHPL response
Performance measures not measurable Refer to Section 3.6 of the WIMMCP for details of the Dendrobium
and specific Area 3B TARP review that was undertaken between WaterNSW,

DPE and South32 between 2018 and 2020. These TARPs have been
adopted for Area 3C.

X We note no changes in performance
measures. As per previous advice:
acUg 40alaaafady agbxeda
use in Area 3C by lllawarra Coal in the SMP
are poorly defined and are not specific or
measurable. Given the predictions for
significant, permanent impacts to natural
features, measurable performance
measures are required to enable clear
identification of impacts that are allowable
under the SMP and development consent.
Performance measures and associated
TARPs for use in Area 3C should be
comprehensively reviewed with
involvement of appropriate agencies and
independ @ac 4004 aVéU@éa

Upland swamps The IEP (2019b) states:

CU@ v AAY &400aVaU=0e ¢UO0¢| aCUQP ADagRase OaalReéexUaa U4 ¢U@ v%aUdEAaQ

are linked to performance measures, do reflect the groundwater dependence of the upland swamp

not reflect the groundwater-dependence gOamiecbaxca é0x OUORRZAUGx Ua Ag@OO0
of the upland swamp ecosystem. ax=éeOaa VaadOc¢c C AA= xa UadRex@ caluu
Monitoring of groundwater using algiaagcga aaalUcasddiedya 20480p48 The Panel
piezometers in swamps is already carried recognises that TARPs for changes to piezometric levels in

out broadly in Dendrobium Mine domains shallow groundwater are defined for both Dendrobium and

and should be utilised in informing AgcédazanrUcO4a alagdeae;a

environmental consequences of mining by The TARPs for groundwater changes in swamps for Dendrobium
inclusion of a specific performance Area 3C are detailed further in Appendix A:

measure relating to changes in )
Level 1: Groundwater level lower than baseline level at any

groundwater within swamps. We suggest L . _ ) .
monitoring site within a swamp (in comparison to reference
that this should be consistent with the
x@UUalgUaa al RA@umeiidl UOR G
OaaxedaedalOP=a Vadaa ¢U@ pUs
Offsets Policy for Major Projects (Upland

swamps); and/or

Rate of groundwater level reduction exceeds rate of groundwater
level reduction during baseline period at any monitoring site

Swamps) Addendum, specifically: (measured as average mm/day during the recession curve).

- Level 2: Groundwater level lower than baseline level at 50% of
X Negligible change to the shallow

. monitoring sites (within 400 m of mining) within a swamp (in
groundwater regime of a swamp

. . comparison to reference swamps); and/or
compared with control swamps;

and/or Rate of groundwater level reduction exceeds rate of groundwater
level reduction during baseline period at a 50% of monitoring

sites (within 400 m of mining) within the swamp.
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x Negligible change to the composition
or distribution of swamp dependent

vegetation communities.

The IEPMC recognised that the nature of
existing performance measures and TARPs
in relation to swamps were slow to respond
to mine impacts and would not be

detected until much later. Groundwater
monitoring with piezometers has the
benefit of allowing detection of mine
impacts immediately and being

measurable and quantifiable.

Level 3: Groundwater level lower than baseline level at >80% of
monitoring sites (within 400 m of mining) within a swamp (in

comparison to reference swamps); and/or

Rate of groundwater level reduction exceeds rate of groundwater
level reduction during baseline period at >80% of monitoring sites

(within 400 m of mining) within the swamp.

Adequate baseline monitoring of swamps

not undertaken

X Some additional piezometers have
been noted (including swamps 142 and
144), however we are unsure about pre-
mining duration. This should be
clarified.

Shallow groundwater piezometers paired with a soil moisture
probe will be installed in Swamp 142 a minimum of two years prior
to mining if Longwall 20 is to be extracted. Swamp 144
(piezometer 144_01) was established 28/08/2020.

No offsets for swamps 142 and 144

X South32 have received confirmation
from DPE that the 2016 Strategic
Biodiversity Offset can be relied upon
for the Longwall 20 and 21 SMP and also
all future Area 3C SMP applications.
However some swamps (142 & 144)
have not been specifically identified in
the SBO.

DPE UO0® OxéUe@dx a ¢ ¢U@ -gadacagag Ue
Maddens Plains offset can be relied upon to offset the impacts of
alalal aagalOgUaae O¢ "a@0 |14

WaterNSW Submission

ICHPL response

The reports are sound and adequate
information has been provided with
regards to monitoring and managing
impacts due to LW21. In particular, the
recently revised water flow assessment
and TARP methodology has been
incorporated for assessing water quantity
impacts on Wongawilli Creek.

Noted.

Impacts and Monitoring of Wongawiilli
Creek - A detailed email from Howard
Reed to South32 ( D2020/15623 - DPE
Planning email - Dendrobium Coal Mine -
Request for Further Information re Area 3C
Longwall 20) is referred to in this regard.
The focus of the email is a request for more
information with regards to predicted LW20

impacts on Wongawilli Creek. The key issue

SMP approval for Longwall 20 is not being sought by South32 at
this time. Further assessment is required to be undertaken to
support the Longwall 20 SMP Application.
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raised by DPE is the non-acceptance and

query on the 10% rockbar fracturing model
being used for assessment. This should be
followed up with DPE.

RESPONSE

There is adequate flow and pool water

level measurement locations on

Wongawilli Creek as well as groundwater
bores to determine groundwater
depressurization near LW21 and Wongawiilli
Creek. However the sensitivity of the
proposed monitoring and TARP system is
not adaptive i.e. to stop LW21 should
impacts and consequences be seen to
approach Trigger Level 3 for pool level
O0004aUD®i £aecU!¥ase daaU¢U;
have setback LW21 to ensure a 200mm
valley closure is not reached at Wongawiilli
Creek.

ICHPL will update the subsidence impact and valley closure
model prior to completion of extraction of Longwall 21. Future SMP
applications in Area 3C will use the revised model as an ada
management measure directed to avoiding exceedances of the

performance measures for Wongawilli Creek.

There is only one swamp near LW 21 in Area
3C - Den144 near the valley base of Stream
WC20 and it is not directly undermined by
LW21. Some impacts in terms of change in
groundwater and moisture levels in this
swamp is predicted and proposed to be

monitored.

See Section 5.3.3 .

Table 9-2 Agency feedback and responses

LW22-23 AGENCY SUBMISSION ‘ RESPONSE

BCD Submission

Y Longwalls 22 and 23

ICHPL Response

Changes to Longwall Layout Needed

BCS does not support the direct
undermining of upland swamp EECs (in
particular the 4.8 ha Swamp 7) by
longwalls 22 & 23. It is recommended that
South 32 redesign longwalls 22 & 23 to

avoid catastrophic damage to the Swamp
7 EEC and associated drainage lines. The
design of longwalls 20 & 21 clearly
demonstrates the feasibility of designing
short longwalls which do not interact with

swamps or major streams.

The predicted impacts to swamps in the Longwalls 22 and 23
SMP Study Area are defined in several documents supporting
the SMP application (Attachments B, C, E and F). These impacts
are in line with those predicted in the Dendrobium Area 3
Environmental Assessment. In April 2015, the Dendrobium Mine
Consent was modified by adding Condition 15 to enable the
provision of Strategic Biodiversity Offsets, whereby South32
could provide land that has conservation values which exceed
the conservation values required to meet relevant offsetting
requirements prescribed in a condition of an approval, and that
the excess conservation values could be relied upon to meet
future offsetting requirements under the Dendrobium Mine
Consent and the Bulli Seam Operations Consent (08_0150). The
Maddens Plains Offset Area was transferred to the NSW National
Parks and Wildlife Service to provide physical offsets for impacts
to vegetation communities and species, in addition to swamp

research funding.
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The Department confirmed in writing that the Maddens Plains
Offset Area can be used to offset residual biodiversity impacts
for Area 3C in a letter to South32 dated 17 September 2019.

The design and layout of Longwalls 20 and 21, the first in the Area
3C series were constrained by underground geological features
and surface features such as Wongawilli Creek. These features

limited the dimensions of Longwalls 20 and 21.

Surface to Seam Fracturing

It is also recommended that the width of
the longwalls (305m) is reduced to prevent
surface to seam fracturing over the

majority of the mine layout.

SCT (2019) suggest the height of fracture
zone, as observed from monitoring and
modelling of goafs, is typically between 1-
1.75 times the panel width and can be
approximated to 1.5 times the panel width.
Under such rough rules of thumb, 360m
wide longwalls would lead to heights of the
fracture zone extending 305m to 534m
above the coal seam; or 458m above the
coal seam if approximated using 1.5 times
the panel width. Since the depth of cover is
given as 290-390m, then this would mean
that surface to seam fracturing is likely to
occur over the entire longwall layout area
using the 1.5 times panel width
approximation.

Exe@ aU cOaadccOae gaelbclag
surface to seam connective fracturing will
occur to heights between 355-374m for a
longwall width of 305m and seam
extraction of 3.9m. This means that surface
to seam fracturing is likely to occur
wherever surface AHD is less than ~370m.
CUOU& Uese cU@ abvaaUcgi >4dac R
project area above the proposed

longwalls.

Throughout many of the reports submitted
for the proposal, statements are made

such as:

On the basis that there is no connective
fracturing to any deeper storage, it is likely

that the diverted surface water flows will

Experience at Dendrobium Mine and other mining operations in

the Southern Coalfield shows that surface impacts related to

subsidence can occur at panel widths significantly narrower

than 305 m. MSEC (2019) conducted an analysis of variable

longwall widths and concluded the following:

¢ ORcUAaeUU abeUaca aa@xU0¢@Bx é0a4cUOOR &
as longwall void width reduces, the predicted conventional

strains are still sufficient to result in the fracturing of bedrock for

reduced longwall widths down to approximately 150 m;

¢ éORRYI aBROcTBx PUUBO¢cee 080 @4 O¢ &g
therefore, so are related potential impacts; and
¢ ®cdOUae xe@ ca ¢cUD ¢ORRYI a8ROcBx BUU(
to result in fracturing of rockbars, pools and bedrock above and

adjacent to the longwalls and, therefore, resultant surface water

losses for reduced longwall widths down to approximately 150 m.

While narrower longwall panels would reduce total vertical
subsidence, and correspondingly reduce predicted tilts and
strains in narrower panels, the strains due to the valley-related
effects would still be sufficient to result in fracturing of rockbars,
pools and bedrock above and adjacent to the longwalls.
Accordingly, adverse environmental impacts are still anticipated

for reduced longwall widths down to approximately 150 m.

In addition, the continuation of 305 m wide panels avoids further
value loss and coal sterilisation when compared to mining with

narrower longwall panels (e.g. due to increased coal recovery).

Surface to seam fracturing has been the subject of ongoing
investigation throughout Dendrobium operations in Area 3.
Condition 19, Schedule 3 of the Area 3B SMP Approval requires
undertaking an assessment of the height of connective
fracturing and the extent of surface cracking before and after

the extraction of Longwalls 14, 15, 16 and 17.

Investigation holes were drilled above both existing and planned
Longwalls 12, 13, 14, 15 and 16 in Area 3B and Longwalls 6 and 7 in
Area 3A, allowing assessment of effects above longwalls of

different width. Longwalls in Area 3B are 305 m wide and

Longwalls 6 and 7 in Area 3A are 249 m wide, including first

workings. Assessment is detailed in HGEO (2020a;b) and is peer
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re-emerge at the limits of fracturing and

dilation

Given previous experiences at

Dendrobium, the work of SCT (2019) and
Tammetta, and the IEPMC, this is clearly an
Ua0348a3a00¢0 ROO0O=U=xa ¢a (
The assumption should be that there will

be connective fracturing, as has been
demonstrated from previous longwall

mining in Dendrobium Areas 3B, 3A and 2

(Expert Panel Report).

review ed by Hebblewhite (2020a;b). The investigation focused
on fracturing, strata permeability and groundwater pressures to
allow comparison with predictions from the three prevailing

methods for estimating the height of fracturing.

The findings of those investigations were described in Sections
3.6 and 4.1 of the Groundwater Assessment (Watershed

HydroGeo, 2021), with key points summarised below:

x horizontal (low angle) fracturing to the surface (consistent

with Tammetta H);

X high angle fracturing is most significant to approximately
200-250 m above the goaf, declining above that with the

exception of intense fracturing in the Bald Hill Claystone;

X packer testing show s clear increase in horizontal hydraulic

conductivity (kh) through the profile;

x groundwater levels show depressurisation/draw down
through the profile following longwall extraction. Within
approximately 200 m above the goaf (i.e. mid-Bulgo
Sandstone or below), no recovery has been observed. Above
this, up to the mid-HBSS, groundwater levels have started to

recover after a period of about 3 years.

These observations have been used to refine the conceptual
model of fracturing above longwalls at Dendrobium (as was
recommended by the IEP).  The subsequent methods to simulate
deformation and fracturing in the Dendrobium Regional
Groundwater Model (Watershed HydroGeo, 2021) are consistent
with that IEP recommendation in that the Tammetta method is

used, and recent investigations are used to define where

connected and disconnected fracturing and strata dilation
occur. This has resulted in an improvement in calibration to
groundwater drawdown and inflow compared to previous

modelling that assumed seam- to -surface connection.

Deficiencies in Monitoring

Monitoring and assessment is deficient in

a number of areas.

The aquatic flora and fauna assessment
(Cardno 2021) identifies that there has
been very limited aquatic flora and fauna
survey in the area and streams that are
most likely to be impacted by longwalls 22
& 23; and much of this is based on decade
old survey information. The report largely
concentrates on impacts to Wongawilli Ck

and Cordeaux Reservoir, ignoring impacts

to LC5 and LC6. Both streams are likely to

Supplementary aquatic surveys of LC5 and LC6 were undertaken
by Cardno in August 2021. The Aquatic Flora and Fauna
Assessment has been updated to incorporate these results. The
assessment for LC5 and LC6 are detailed in Section 4.2.3.1 of
Cardno (2021) and are based on recent survey, mapping and
photographs of these watercourses. Previous survey was of
physical characteristics of the watercourses and the presence

of barriers to fish passage from Lake Cordeaux in to LC5 and
LC6. The presence of significant barriers to fish passage at the
confluence of these drainage lines and Lake Cordeaux was

confirmed following surveys undertaken in August 2021.

LC5 and LC6 flow directly over Longwalls 22 and 23 and are
located almost entirely within 400 m of each longwall.
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be permanent streams due to the swamps
located in their headwaters (including the
4.8 ha Swamp 7 EEC). If the current
configuration of LW 22 & 23 is adopted, all
surface water will be lost and likely move
directly into the mine due to connective
fracturing. This will likely leave LC5 & LC6
without any aquatic habitat. This has not
been appropriately considered in the
aquatic flora and fauna assessment. There
is also no identified offsetting of stream

and aquatic fauna/flora impacts.

Subsidence predictions (MSEC 2021) indicate that subsidence
and fracturing is expected to occur in sections of watercourse
directly above the longwalls, and that fracturing is possible to
occur in watercourses up to approximately 400 m from the
longwalls. It was predicted that a localised significant impact to
aquatic habitat and biota would occur in these watercourses
and that a localised reduction in the population size of aquatic
biota would occur. At a catchment scale, such impacts would be
minor. This assessment is consistent with that provided in
Section 4.2.3.1 of Cardno (2021). Given available hydrological
data, field observations during drought conditions, and the
relatively small catchment sizes of LC5 and LC6, these drainage
lines appear likely to stop flowing and several pools would
become dry during drought. However, larger pools would
provide refuge for aquatic biota for several months following low

rainfall.

See response above regarding biodiversity offsets provided for

Area 3C mining impacts.

Watershed Hydrogeo suggests there are:
recently installed gauging stations near to
Longwalls 20-23:

X LC5S1 on LC5: commenced monitoring
4/04/2019. This watercourse could be
affected slightly by Longwall 21, and
likely to be affected by Longwalls 22
and 23.

X CR36S1 on CR36:

commenced monitoring 5/09/2019. This
watercourse could be affected slightly by

Longwall 23.
And that:

ICHPL has received approval for additional
surface water monitoring gauges around
Area 3C on WC20, WC24, WC26, and are
investigating a site on LC6 near Longwalls
22 and 23.

None of this data appears to be in the

assessment.

Surface water flow gauges have been installed at a number of

locations across Area 3C:
x LC5 (LC5S1);
x CR36 (CR36S1); and
X WC24 (WC24S1).
South32 has secured approval to install additional gauges on:
x WC20 (WC20S1); and
X WC26 (WC26S1).

South32 is current ly pursuing the necessary approvals from

WaterNSW to install flow gauges on:
x LC6 (LC6S1);

x WC20 (WC20S2) which is located at the outflow of Swamp
144.

x WC26 (WC26S2) which is located at the outflow of Swamp

153 (pending a suitable site can be located).

COVID related restrictions and associated safety concerns have
resulted in delays in establishing a number of these flow gauges.

They will be installed as soon as practical and it is safe to do so.

The Area 3C WIMMCP has been updated to include additional
details of flow monitoring gauging stations (see Section 3).

Data from LC5 and CR36 are included in the Surface Water
Assessment (HGEO, 2021), with the presentation of hydrographs,
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flow duration curves, and water quality analyses. WC24 is not

included as this site was only recently established.

HGEO identify 34 pools in WC26, 29 (56%)
of which lie directly above Longwall 23.
Swamp Den153 EEC also lies directly above
LW23. None of these have any baseline
water level measurements (or piezometer
monitoring) taken or an identified

monitoring plan that can assess impact

(eg BACI design).

Four water level monitoring sites have been established on
WC26 and WC26A; including three water level bench marks and
a water level logger near the confluence with Wongawilli Creek.

These sites were established:

X WC26_Channel 4 - 9/10/2020;
X WC26_Pool 14 - 9/10/2020;

X WC26_Pool 19 - 13/08/2021,

X WC26_Pool 32 - 9/08/2021; and
X WC26A_Pool 4 - 6/8/2021.

This will provide more than 2 years of pre-mining baseline data.
The data from these sites allows for comparison of premining to
post mining conditions within the watercourse. This information
is provided in the Area 3C SIMMCP.

South32 will establish a piezometer and paired soil moisture
monitoring site within Swamp 153, pending an inspection and a
suitable site is located. Previous experience across Dendrobium
Area 3 suggests that the smaller marginal upland swamps
similar to Swamp 153, are often unsuitable for establishing

monitoring equipment due to lack of soil depth.

HGEO identify 20 pools in LC5 downstream
of Swamp Den09 EEC. Seventeen (85%) of
which are in the 600m boundary and

seven (35%) of these lie directly above
Longwalls 22 & 23.

HGEO identify 57 pools in LC6, 52 (91%) of
which are within the 600m boundary and
23 (40%) directly above Longwalls 22 & 23.

None of these pools have any baseline
water level measurements taken or an
identified monitoring plan that can assess

impact (eg BACI design).

Five water level monitoring sites have been established on LC5
and LC5A, including five water level bench marks and a water
level logger near the confluence with Lake Cordeaux. These sites

were established:

x LC5_Rockbar 11 Y13/08/2021;
x LC5_Pool 13 Y13/0/2021;

x LC5_Rockbar 7 Y13/08/2021;
x LC5_S1 Y28/03/2019; and

x LC5A Pool 6 Y13082021.

This will provide approximately 2 years of premining baseline
data for tributary LC5. The data from these sites allows for
comparison of premining to post mining conditions within the

watercourse.

Four water level monitoring sites have been established on LC6;
including three water level bench marks and a water level

logger near the confluence with Lake Cordeaux. These sites were
established:

x LC6_Pool 51 Y03/08/2021;

x LC6_Pool 36 Y03/08/2021;
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x LC6_Pool 16 Y03/08/2021; and
x LC6_Rockbarl Y03/08/2021.

This will provide approximately 2 of pre-mining baseline data for
tributary LC6. The data from these sites allows for comparison of

premining to post mining conditions within the watercourse.

Swamp Den07 EEC lies directly over Dendrobium operations have been longwall mining in the
Longwall 23. Swamps Den154, Den155, Den catchment since 2005, beginning with Dendrobium Area 1 when
156, Den09 are wholly or partially within the monitoring of upland swamps was established. Mining

400m boundary. Another unnamed operations have expanded into Areas 2, 3A and 3B since then
swamp near swamp Den09 is within the with the monitoring program evolving over this period to

600m boundary. Many of these swamps incorporate results, findings and lessons learnt. In parallel with
have no stated monitoring. this, South32 has undertaken extensive biophysical surveys,

. " . . assessment and research of the Dendrobium mining area which
This identifies the paucity of baseline data

have contributed to the understanding of how upland swamps
for the area and streams that are most

) ) are impacted by mining. Recommendations on upland swamp
likely to be impacted by longwalls 22 & 23.
monitoring from various agencies, independent panels,
consultants and research institutions have been adopted and

incorporated into the monitoring program.

Condition 11c of the Area 3C SMP requires South32 to update the
SIMMCP to fully reflect the recommendations of the IEP on the
Longwalls 20 and 21 SMP application dated 13 December 2019;
relating to monitoring of swamp impacts which directly relate to
impact monitoring, management, remediation and contingency
planning in respect of swamps. Condition 11d requires South32 to
update the SIMMCP to fully reflect the advice of the IEP on the
Longwalls 20 and 21 SMP application dated 13 December 2019
relating to monitoring of swamp impacts. The SIMMCP has been
updated to address these conditions which form part of the
foundation of the monitoring approach proposed for Area 3C. A

key monitoring recommendation from IEP (2019b) is:

48. Future swamp monitoring and modelling programs should

be designed to:

a. Provide a hydrological balance for representative swamps,
sufficient to identify any mining-induced changes in soil
moisture and in baseflow down the exit stream; and to provide
vertical leakage rates as inputs to groundwater models, in order
to quantify how much of the leakage is diverted back into the
00¢cOUagac a3 IRe@PeUBaD 4

The majority of impacts to upland swamps are likely to occur
above the proposed longwall and within the groundwater
impact zone (60 m buffer). The severity and risk of impacts will
reduce with distance from longwalls up to the 35 degree angle
of draw Study Area, which includes the 20 mm subsidence
contour. Beyond the 35 degree angle of draw Study Area ,

impacts to features such as swamps and watercourses are




Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan

LW22-23 AGENCY SUBMISSION ‘ RESPONSE

expected to be minor or negligible. An assessment at

Dendrobium Mine concluded that hydrological change in

upland swamps is not evident in shallow groundwater

piezometers located more than 60 m from the extracted

longwall (Watershed HydroGeo, 2019).

CUp viaxpagax@ac xéUxadl AOAOR Uad Eaxg
(IAPUM) advice on the Longwall 19 SMP application regarding

Swamp 15A is relevant to swamp monitoring in Area 3C.

The Panel considers that the (Watershed HydroGeo, 2019) report

(which concluded that no changes to swamp hydrology have

been observed greater than 60 m horizontal distance from a

longwall panel in the Dendrobium mining area) is the most

relevant available evidence regarding potential hydrological

UaadOcae ca £6Oaa a"0e

¢ AgégaclUgRTBeaeY ¢UB éUxgad@ a@oU0A&xU4
allows the existence of swamp groundwater level impacts

within 60 m to be predicted with high confidence.

The swamp monitoring approach for Area 3C is comprised of

four key principals which are stated below along with how each

is proposed to be implemented in Area 3C.

1. AaaUcadual =ebade 60UOU 040 Oadaaelxy
by HGEO (2021) and HGEO (2019). Swamps considered likely

impacted by Longwalls 22 and 23 include Swamps 7 and 153. The

only swamp considered likely impacted by Longwalls 20 and 21

is Swamp 144.

2. Monitoring the hydrogeological balance of representative
swamps with flow gauges at the downstream exit stream.
- £ebad 2 Ue O ROAUY Oax alaasrpea éOR
Ug Uee ¢U@ a4aR) ébaa OaaeUxgagx adaa
22 and 23 Study Area. A gauging station has been
established on the exit stream for Swamp 7.
- £eOad o'l Ue O ®aORR Oax aelaarga UQ
gauging station is proposed to be installed on the exit
stream for Swamp 153.
- £é0ad 088 Uae O =alRrR Oax aseUaarwa Ug
South32 have sought approval from WaterNSW to

establish a gauge on the exit stream for Swamp 144.

3. Monitoring swamps which are within 60 m of the longwall
goaf. Research shows that shallow groundwater impacts are
highly likely in swamps within this 60 m zone (Watershed
HydroGeo 2019).

- Swamps 7, 144 and 153 are located in this zone.

Piezometers and paired soil moisture probes are proposed
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to be installed or already have been installed in these

swamps.

- Swamp 154 is located approximately 70 m at its closest
point to Longwalls 22 and 23 and is beyond the 60 m buffer
impact zone. South32 propose to install a paired piezometer

and soil moisture probe within this swamp.

- Swamp 9 is located at a distance of 90 m at its closest
point to Longwalls 22 and 23. South32 propose to install a
paired piezometer and soil moisture probe within this
swamp. Field investigations will be conducted to confirm
that the soil depth is sufficient to establish a second site

within this swamp.

4. Monitoring swamps which are subject to performance

measures.

- Swamps 9, 144 and 145 are swamps subject to
performance measures in the Area 3C SMP Approval.
Piezometers and paired soil moisture probes have been

installed within these swamps.

WaterNSW Submission

ICHPL Response

Mine design

The proposed mining dimensions for
Longwalls 22 and 23 are consistent with
longwalls in Area 3A and 3B, and those
proposed in the Dendrobium Area 5 & 6
Expansion Project. It is generally accepted
that panel dimensions such as those
proposed cause surface-to- seam
connectivity in parts, if not all, of the

extraction area.

A comparison of the panel width/depth of
cover (W/D) relationship indicates that the
W/D ratio over much of the proposed
longwalls is between 1.1 and 1.2. This is
greater or at least comparable to most
longwalls above Area 3A and 3B w here
surface- to- seam connectivity has

occurred.

It is now widely understood and accepted
that narrower longwalls (and/or a low er
mining height) can have significant
benefits in reducing impacts on water

resources, including:

X A reduction in catchment losses due

to regional depressurisation,

See response to BCD submission above.

Additionally, we acknowledge the comments regarding W/D
ratios at Longwalls 22 and 23, as presented on Figure 4-3 of the
Groundwater Assessment (Watershed HydroGeo, 2021), and that
this contributes to potential impacts to near-surface and surface
features.

»a8@eé@ayY ¢cU@ Oaaagace agUuOaxUau aUw@ad
panel dimensions such as those proposed cause surface- to-
e2gd0a 0aaagOcleéUci Ua al&caeyY UU adac ORRY
aCUUex Uae Ua@0O¢da a4 O¢ RPO0=¢ 0aaadadol
Area 3A and 3B where surface- to- seam connectivity has
a00edédoxa O0aapOa ca 0@ Oaeacwad ca Oaaal
(07/07/2021): aUc¢ O0aa@Oaa ¢UOc UAOOcealAaU Ua
that it leads to rapid migration of water from the surface in Area

3Baj

The investigations into the height of fracturing in Area 3A and 3B

support a conceptual model where the height of connected
fracturing, and free drainage, is not to the surface in Areas 3A and

3B (but is considered to occur in Area 2), and that there is a zone

of disconnected fracturing and/or strata dilation above the
connected fracture zone.

CUU& U& 4aac¢ ca a8Y@0¢ ¢U@ Ux@O ¢cUO¢ Rxlgs
the zone of connected fracturing) does not cause environmental
impacts, just that the type and duration of effects, especially

losses from the surface water catchment, are different.




Appendix 2: Swamp Impact Monitoring, Mangement and Contingency Plan

LW22-23 AGENCY SUBMISSION ‘ RESPONSE

X Areduction in the intensity of surface
fracturing in less incised areas of the
landscape, near or adjacent to

watercourses, and

x  Improved chances of stream

remediation.

It is also widely accepted that non-
conventional subsidence effects and
impacts on surface water resources and
upland swamps is best managed by not
undermining them and ensuring adequate

setbacks typically at least 400 m.

The Independent Expert Panel for Mining in

the Catchment (IEPMC) has
d00aaagax@ox aOxaacUau O aay
approach and basing mine design on

preventing the height of free drainage in

the Special Areas from extending to the

surface or interacting with surface fracture

Aa0céadbeaeij

Surface water losses

Inflow or groundwater take is predicted
through groundwater modelling to be up

to 12 ML/day, with the extraction of
Longwall 22 causing an increase in inflow
of up to 2-3 ML/day and Longwall 23
causing an increase in inflow of up to 2-3.5
ML/day.

It is acknowledged that Dendrobium Mine

is causing surface water losses within the

Special Area of up to 5 ML/day (IEPMC,

2019). The IEPMC also estimated that 40 to

50% of previous inflows to mine workings is

from surface water. This is water that

wouldha é@ acUQZ4éUed 40444cT]
drinking water catchment. The proposed
extraction of Longwalls 22 and 23 would

result in further depressurisation and

surface water loss.

Subsidence is an unavoidable consequence of longwall mining
and includes vertical and horizontal movement of the land
surface. The predicted impacts detailed in the specialist
requirements in the

03-2001).

assessments meet the performance

Dendrobium Mine Development Consent (DA 60-

Several layout alternatives for Area 3C were assessed by South32

using a multi-disciplinary team including environment,
community, mining and exploration expertise. These included
variations in the number of longwalls and orientations, lengths,
and setbacks of the longwalls from key surface features. These
options were reviewed, analysed and modified until an optimised

longwall layout in Area 3C was achieved.

In addition, a reduced maximum extraction height of 3.9 m will
continue to be in place for Longwalls 22 and 23, as it has been

since Longwall 14.

IEP (2019a) also found impacts to catchment after 100 years of
historical mining to be insignificant compared to other losses to
¢cUg =iec@a aCUQ Raxede AQUDAADX

ca |(

for example recent losses from the Dendrobium, Russell Vale and
Wongawilli mines of less than 8 ML/day on average compare to
estimated leaks from the Sydney Water supply infrastructure of

0asaaelaldcoRi alf AgexOi >AEixa@i EOc@AY ¥{

Localised flow losses are clearly evident as a result of longwall s

passing under or near watercourses (e.g. WC21, DC13, DCS2, LA4,
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and others). However, as discussed previously, if net losses in the
a0U4aUcex@ a¢Oc¢@x UBAaAD >" Astxe 8040 a0
drinking water catchment, then flow losses of approximately 1

ML/d magnitude should be apparent at Wongawilli Creek gauge

WW.L and Donalds Castle Creek gauge DCU. However this is not

the case, and the presence of groundwater recovery above and
adjacent to longwalls supports this (which leads to different

environmental effects).

Impacts on watercourses

Several significant watercourses are likely
to be impacted by Longwalls 22 and 23,
including Wongawilli Creek, and Lake
Cordeaux tributaries LC5 (770 m length of
which is above the panels and pillars (44%
of the total length of LC5)), and LC6.
Impacts could include surface cracking,
loss of flow, pool level decline and rock bar
fracturing. Several tributaries of Lake
Cordeaux have already been impacted by
mining in Dendrobium Areas 1, 2 and 3A.
The proposed longwalls would further
contribute to impacts in the Lake Cordeaux
catchment within the Metropolitan Special

Area.

Mine layouts for Longwalls 22 and 23 have been developed using
an Integrated Mine Planning Process. This process considers
impacts to the mining operation as well as environmental

impacts when designing mine layouts.

Where impacts cannot be avoided or successfully remediated as
is the situation for connectivity between near surface
groundwater and deep groundwater, offsets have been provided

to compensate for these potential impacts. Subject to Condition

14 of Schedule 3 of the Development Consent:

The Applicant shall provide suitable offsets for loss of water
quality or loss of water flows to WaterNSW storages, clearing and
other ground disturbance (including cliff falls) caused by its
mining operations and/or surface activities within the mining
area, unless otherwise addressed by the conditions of this

consent, to the satisfaction of the Secretary. These offsets must:
a) be submitted to the Secretary for approval by 30 April 2009;
b) be prepared in consultation with WaterNSW;

¢) provide measures that result in a beneficial effect on water

quality, water quantity, aquatic ecosystems and/or ecological
Uac@U&Uci aU EOcQaALEEa= £agOUOR 400 &
South32 transferred 33 ha of land adjacent to the Cataract River

to WaterNSW to meet the above condition.

Impacts on upland swamps

Upland Valley infill Swamp 7 located along
Lake Cordeaux tributary LC5 extends over
an area of 5.4 ha and is one of the largest
and most significant swamps within the
Dendrobium Mine footprint. This swamp is
one of the designated Control Swamps
under an active research program. This
swamp would be undermined by
Longwalls 22 and 23. WaterNSW is
concerned that the hydrology of the

swamp may be irreversibly affected.

Swamp 7 should be considered in a similar

manner to Swamp 15a overlying

See response éregarding swamp offsetting for Area 3C.

Swamp 15A in Area 3A received particular consideration in the
-pa08cagacae OxePaexragac aU -@axaadlea
Modification 6. As a result, the Consent contains a detailed
performance measure that specifically relates to Swamp 15A.

There is no similar condition imposed on Swamp 7.

The Department state in their reasons for approvals of Longwall
19 SMP:

& must be noted that this performance measure was not
imposed in order to prevent any impact on Swamp 15a. Pages
22-¥8 aU ¢U@ -gadacadacae x@x=Pxxadac AQ

this quite clear ja
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Dendrobium Area 3A and consideration The Area 3C SIMMCP details the monitoring that is in place for
should be given to application of similar Swamp 7.

performance measures.

Consideration should also be given to Wongawilli Creek is located at minimum distances of 345 m and
increasing the setback from Wongawilli 320 m from the finishing ends of Longwall 22 and 23, respectively.

Creek and Cordeaux Reservoir to 400 m to The proposed setbacks were determined using the rockbar

avoid impacts and ensure compliance impact model, consistent with other longwalls in Areas 3A and 3B

with the relevant performance measures to limit predicted valley closure to 200 mm across the rockbars o f
and modifying the mine layout to avoid Wongawilli Creek. The maximum predicted total closure for the
directly undermining LC5 and Swamp 7, rockbars along Wongawilli Creek within the Study Area occurs on

and LC6. Rockbars 21 to 23 which is 190 mm. The predicted rate of impact

for the rockbars along this creek after the extraction of the
proposed longwalls, therefore, is in the order of 6 % based on the
maximum predicted closure (MSEC 2021). Based on the
cumulative multidisciplinary assessment provided in the
Longwalls 22 and 23 SMP application, South32 considers the
setback appropriate to achieve compliance with the Wongawilli

1400P 40&4Ua8aa0400 avO=ead® au aalaaa Uas
The Department state in their reasons for approvals of Longwall

19 SMP which has a setback of 175 m from Wongawilli Creek:

acU@ -gadédcagac UOae UUéga OO0agUeRr Oaae
reduction in risk of Type 3 impacts within Wongawilli Creek by
Uasdaelalu 04 UabaogOew aa L£aeécU!¥ae anod
considers that the risk of such impacts is already low (¢.8%, ba sed
a4 AE Tae geUacUaU x0¢cO000ae@ alU &2ValRO:
the available reductions in risk (i.e. 1% or 2%) are not significant in
themselves. Most significantly, it considers that the existing rate

of Type 3 impacts in Wongawilli Creek (which has been affected

by the extraction of ten longwalls, two of which were closer to
Wongawilli Creek than is proposed for Longwall 19) is very low. On
¢O0Ue O00xeU=Y ¢U@ -gabidcagdac 00O@ace A4
au ,a4aUeO0ORR o~ Ulaa EaauUbeURRU T40@P aUu
The setbacks of Longwalls 22 and 23 carry a reduced risk of 6%
probability of rockbar fracturing to that of the most recently

approved Dendrobium Longwall 19.

South32 has undertaken extensive exploration and research
campaigns to understand potential seepage from Area 3B
longwalls adjacent to Avon Reservoir. South32 installed
monitoring bores at 8 locations to assess geotechnical and
groundwater conditions in the barrier zone between Lake Avon
and Longwalls 12 to 18. Each monitoring site is re-drilled and
tested following the extraction of the adjacent longwall to assess

changes to strata permeability.

Groundwater monitoring in the Lake Avon barrier zone shows
widespread depressurisation of all strata in response to mining in

Area 3B and a general hydraulic gradient towards Area 3B,
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consistent with numerical model predictions. Groundwater levels
at the base of the Hawkesbury Sandstone were likely near or just
above the lake level prior to mining and have since declined
below the lake level. There is evidence for recovery in
groundwater pressures in the Colo Vale Sandstone at site AD2.
The water loss predictions from Avon Reservoir from the
numerical groundwater model (Watershed HydroGeo 2020) and
the local-scale numerical model (HGEO 2020c) both indicate that
the mining of the Area 3B longwall series, including the
unextracted Longwall 18, would not exceed the 1 ML/day Dams
Safety NSW limit.

The experience derived from Area 3B operations, the Avon Dam
borehole series and the predictions from the regional
groundwater model in Watershed HydroGeo (2021), Section 7.4.3
indicate a maximum leakage from Cordeaux Reservoir due to

Dendrobium operations is 0.11-0.36 ML/d. The upper estimate from
the modelling presented in Watershed HydroGeo (2021) (0.36
Agtxce Ue Raed8 c004 -Oaae £O0UDcI AEEaz 2
of 1 ML/d. Therefore, the need for further setbacks is not

considered necessary for Longwalls 22 and 23.

Tributaries LC5 and LC6 are not subject to specific performance

measures in accordance with the Area 3C SMP Approval.

Swamp 7 is addressed in response above.

WaterNSW also recommends South32 does not support the increased risk to mining operations

consideration of an adaptive which would result from implementing an adaptive management

management approach with relevant approach to Wongawilli Creek, Lake Cordeaux or the surface

monitoring and Trigger Action Response features LC5, LC6 and Swamp 7. The risks to each of these features

Plans aimed at protecting Wongawilli is discussed in the response above and is considered

Creek, Lake Cordeaux, Lake Cordeaux comparable to previous Areas 3A and 3B. South32 has

tributaries LC5 and LC6 and upland demonstrated compliance with performance measures in End of

swamp 7. Panel reports and Dam Safety NSW reporting for the relevant SMP
approvals which are in place to limitimpacts to sensitive feature S.

Adaptive management options are limited for longwall mining

operations. South32 has considered mine layouts for Longwalls 22
and 23 that have been developed using an integrated mine
planning process. This process looks to avoid impacts which are
greater than those defined in the Development Consent or SMP

approvals.
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Table 9-3 Agency feedback and responses YLongwall 21A
IEAPM Submission dated 2 July 2024 ICHPL Response
Although Swamps 156 and 157 are covered by All swamps within 400 m of the longwall are assessed
the SBO, it is recommended that an against relevant TARPs at the time of initial trigger
assessment of ecosystem functionality is identification (impact/trigger report) and in further detail in
undertaken following mining to assess the End of Panel Reports. Assessment of ecosystem functionality
severity of impacts, and to collect data for will include Swamps 156 and 157 in the specialist reports for
modelling and research purposes. Surface Water and Shallow Groundwater, and Terrestrial

Ecology.

The Panel therefore recommends the following x  Detailed mapping including the use of LIDAR data to
for South32- % Afae OaaeUxgadcUaa- indicate the location and extent of upland swamp

boundaries is included in the LW21A monitoring program
for Swamps 7, 9, 16, 144, 145 and 153. Swamps 156 and 157
will be added to this program. Swamp 154 will also be

x Detailed mapping of the boundaries of the
swamps and vegetation sub-communities

be undertaken for all impact and control

swamps and that this mapping be added.

replicated following mining for all swamps. x  Control/Reference swamps for specific monitoring are
This replication should certainly be listed in the monitoring program in Appendix A: Table 1.1
undertaken for Swamps 156 and 157. of the LW21A SIMMCP. Not all control/reference swamps

. are included in each type of monitoring. Further
X South32-IMC ensure baseline data are
commentary is provided in the Additional Content below.
collected from control/reference swamps

in areas that will not be undermined for a x  Swamp 154 will be included in the monitoring program
period of at least two years prior to mining for total swamp size and size of groundwater dependent
of LW21A. communities.
X Monitoring of Swamp 154 should continue x  IMC have considered re-starting the monitoring of
to include monitoring of total swamp size RC D aad e ¢a tAnfpositivoa ardl distribution of
and size of groundwater dependent 2a00UQxa Uad eebadae eUclU4 o¥f a U
communities. 3C. Transect monitoring of the small Banksia Thicket

swamps (Swamps 9, 144, 153, 154, 156 and 157) in Area 3C

X South32-IMC may wish to consider re- ) o
will provide little value to the program as they are

®cO08c¢U4aU aa4aUcadlual al RCO

e A, . Y x entirely comprised of Banksia Thicket sub-community,
O&dadadelUcgUada Oadx xUecalUOecg|

. which is less groundwater reliant than other swamp sub-
throughout Area 3C for all swamps within

communities. As these swamps may be more naturally
120 m from longwalls approved and/or ) » .
adapted to drier conditions and less sensitive to water
extracted to date.
level/availability, the sensitivity of these swamps to
change is likely to be less than across other swamp
types in the current monitoring program and impacts
would be more difficult to detect. Furthermore, transects
established in thickets tend to feature lower levels of
species richness which is likely to also reduce the
sensitivity of this analysis to detect change. Swamp 16 is
a large complex swamp which contains sedgeland-
heath and is comparable to Swamp 7. Therefore, IMC
suggest the addition of Swamps 7 and 16 to the

RC @ 84ad e ¢atanfpositba ardl dvstribution of

®d00Ugeea aaalcaalau d8a0a0a Uaa "ag
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The Panel therefore recommends the following

their monitoring programs:

x if they are not already included in the
swamps monitored for Giant dragonfly as
part of the SRRP (South32 2023i), Swamps
9 and 16 should be added to this program.

for South32- “sAfae OadaeUx@alcUaa |

x  Swamps 9 and 16 will be added to the giant dragonfly
monitoring for Area 3C. It is noted that as Swamp 9 is
Banksia Thicket dominated, it is likely to present more
marginal habitat for breeding, therefore, the need for
ongoing monitoring of this swamp will be evaluated
following field assessment. A habitat assessment at
Swamp 9 undertaken by IIA (2022) did not identify
suitable habitat for Giant Dragonfly.

The Panel recommends that DPHI consider the following for inclusion in any SMP approv

al conditions:

The construction of a nested (standpipe)
monitoring site at a suitable location (subject
to site access) at each of Swamp 7 and
Swamp 9 to monitor perched groundwater
levels in the weathered rock and the regional
water table in the Hawkesbury Sandstone, for
the purpose of improved groundwater model
calibration, long-term assessment of mining-
induced drawdown and recovery and
quantification of baseflow losses to Lake

Cordeaux.

There is an existing monitoring bore located 136 m east of
Swamp 7, and 120 m from tributary LC5 (S2208) which is
ideal for the purpose of monitoring shallow groundwater
beneath Swamp 7. The monitoring bore contains 8 vibrating
wire piezometers at the following intervals: 23.5m (HBSS),
32.5m (HBSS), 77.7m (BGSS), 143.6m (BGSS), 219.4m (SBSS),
229.4m (SBSS), 280m (BUSM), and 307.2m (WWSM).
Monitoring commenced on 20/12/2014 representing nearly 10
years of baseline data at multiple stratigraphic levels
including shallow Hawkesbury Sandstone substrate to
Swamp 7 and LC5.

It is recommended that the monitoring bore S22078 be
replaced after the extraction of Longwall 24B, assuming the
piezometer cables are sheared as a result of mine
subsidence. The replacement bore should include OSP-type
piezometers at equivalent depths that include the upper

Bulgo Sandstone.

Given the above, we consider that there is limited benefit to
installing a pre-mining/post-mining monitoring hole under

or near Swamp 9.

The SIMMCP be updated to better
acknowledge the role and influence of
approved offsets, and the reasoning behind

current swamp monitoring programs.

Noted. The update will include any commitments made in
this response.

A requirement to update the TARPS in the
SIMMCP to include:

x the larger swamps (Swamps 7, 9, and 16),
overlying swamps (Swamps 156 and 157)
and even the smaller remote swamps
(Swamps 144, 145, 153, 154 and 155), so that
¢cUP Raa&dw ¢0UO4a alaada Vaaod
reported in a timely manner and data are
available for modelling and research
purposes,

x Uaad B, Oaxiecda Kiad clhagesY
Uad ¢U@ 2Uig au ¢U@ =edaaa O

x  The TARPs in the SIMMCP already include Swamp 9 (as
well as Swamps 144, 145 and 154). It is noted that the
vs,”AA Apgaadc e¢O¢cOaY acU@ A£¢a0caU
(SBO) that is in place for all swamps except Swamp 154
negates the need for any management or remedial
OOc¢clade Ua ¢cUp aor@eébac C' AA=ia A]
9, 16, 144, 145, 153, 154, 155, 156 and 157 is being
undertaken under the SIMMCP. This data will be
available for modelling and research purposes.
Reporting on these swamps can be undertaken in End

of Panel Reports. There are currently no performance
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make it clear that it is the extent of the
whole swamp being considered in this
TARP

x Uaad B, 0axiecda 'Miad ciaagesY
in the ecosystem functionality of the
xzebasa 0@ aaxUUU@x ¢ca Oxx R
mining induced hydrological changes

result in:

o changes in the extent of sub-
communities, particularly cyperoid
heath and teatree thicket, within a

swamp

o changes in species composition and
total species richness within a swamp
as a whole and within sub-

communities within the swamp

measures nominated under the consent or SMP
approvals for Swamps 7, 16, 153, 155, 156 and 157.

x  Noted and agreed.

X  Agree where this is applicable for larger complex

swamps such as Swamp 7.

A requirement to undertake monitoring of
Swamp 154 to determine whether greater than
negligible impacts to ecosystem functionality

occur and, if so, that this swamp is then offset.

Swamp 154 will be included in the monitoring program for
total swamp size and size of groundwater dependent

communities.

WaterNSW Submission

ICHPL Response

The subsidence due to longwall 21A will affect
parts of swamps Den09, Den157 and Den156
and probably Den145 and Denl6, which are
outside the panel footprint, but wholly or
partially within 400m risk zone. This would lead
to surface cracking and loss of baseflow, or
more likely, increased leakage from these
surficial deposits. These impacts will further
exacerbate on Den07 due to mining of
longwalls 22 and 23.

Provision of the Maddens Plains lands satisfies:

x Offset requirements for Upland Swamps located in
Dendrobium Areas 3B and 3C identified in Table 3-1; and

x Offset requirements for Upland Swamps in Dendrobium
Areas 3A, 3B and 3C mapped on Figure 1 which cover
swamps mapped at the time the SBO was prepared in
2016 and impacts on Swamp 15a which do not exceed
performance measures under Condition 3 of Schedule 3

of the Consent.
The above includes Swamps 7, 9, 16, 145, 156 and 157.

Furthermore, the geographical review of mining effects on
Upland Swamps at the Dendrobium Mine (Watershed
HydroGeo, 2023) reviewed the complete Dendrobium Mine
shallow piezometer water level dataset to June 2023 and
previous assessments of impacts at piezometers in respect
of the distance from the latest mapping of Upland Swamps.
This analysis has been used to define the distance to which
hydrological impacts are likely to be discerned at swamp
sites following longwall extraction. The report concluded that
there is overwhelming evidence that the probability of an
impact declines with distance from the goaf. Four main

zones were identified with no swamp piezometers observed
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as impacted beyond 120m. This report is currently being

updated (proposed to be with data to end of Jan-2024).

Swamp 7 is a subject of the research program
by UNSW Water Research Laboratory
investigating swamp water balances. The
studies are funded by Water NSW and
Dendrobium Swamp Research and
Remediation Program. It is recommended that
South32 will consult with WRL whether
additional monitoring of bedrock groundwater
levels near Swamp 7 would be warranted to
improve the water balance estimates and

further support the existing research.

IMC agrees to this recommendation. This consultation will be
undertaken as part of the Dendrobium Swamp Rehabilitation
Research Program and reported in the six-monthly report in
July 2024.

It is recommended to continue visual
comparison of photo point monitoring
undertaken at each upland swamp site from

marked monitoring points.

IMC agrees to this recommendation. Photos are taken on

each inspection.

CPHR Submission

ICHPL Response

There is likely to be a serious and irreversible
impact to aquatic habitat for threatened
species and the Coastal Upland Swamp (CUS)
Threatened Ecological Community (TEC) with
the likely loss of 9.4 hectares of CUS and 2.64
hectares of suitable stream habitat from
mining LW 21A.

The executive summary in the Terrestrial Ecology
Assessment (Niche 2023) provides a summary of results and
impact assessment and states the maximum impact area

for swamps to be calculated at 9.4 hectares, being the
upland swamps within or along the 35-degree angle of draw
Study Area. Habitats such as pools primarily on LC5 and LC6
include 2.64 kilometres (not hectares) that cross the 600 m
Study Area for Longwall 21A likely to experience some level of
subsidence impacts (both direct and indirect). Furthermore,
subsidence impacts to features such as cliffs, overhangs

and rocky outcrops have the potential to occur but are likely
to have limited impacts on threatened biodiversity within the

Study Area due to the small area of predicted impacts.

Coastal upland swamps within the Longwall 21A Study Area

that make up the 9.4 hectares include nine Swamps Y
Swamps 7, 9, 16, 144, 145, 154, 155, 156 and 157. These swamps
are included in the approved SBO (October 2023) with the
exception of Swamp 154 which is not shown on Figure 1.

It is noted in Section 5.5 of the Longwall 21A Subsidence
AbaduUgagac ARO4 ¢UO¢ aeU@ag Uaadlbge
predicted or not within approved levels, offset measures will

0@ GaaaeUxgadxia

The Dendrobium mine, including LW 21A, is
having a significant impact on threatened frog
species through cumulatively removing more
than 150 kilometres of suitable stream habitat

and more than 45 hectares of swamp habitat.

Section 3.9 of the Aquatic Ecology Assessment (Stantec,
2023) discusses existing mining impacts to watercourses
Oax &¢0O¢@ea ¢UO¢ aTaRR@OcUEBRIY !«i© P
been directly impacted by mining with another 109km

indirectly impacted. This total (147.6 km) is estimated to be 21
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% of that present in the upper Avon and Cordeaux River
0O6c¢cOUagace >200 baceija
The approved Strategic Biodiversity Offset (October 2023)

confirms the Maddens Plains land satisfies offset

requirements for upland swamps located in:

x  Dendrobium Areas 3B and 3C identified in Table 3-1 (of
the SBO); and

x  Dendrobium Areas 3A, 3B and 3C mapped on Figure 1
which cover swamps mapped at the time the SBO was
prepared in 2016 and impacts on Swamp 15a which do
not exceed performance measures under Condition 3

of Schedule 3 of the Consent.

It is noted in Section 5.5 of the Longwall 21A Subsidence
AbabUgagac ARO4A ¢cUO¢ aéU@Aa® Uaadbcee
predicted or not within approved levels, offset measures will

00 OadeeUxgao@xija tedcU@aaadgy Vaégaecl
a00eadali au ¢ UcgRidy popuisicas aér@sdthe
Maddens Plains offset site are currently being undertaken as

part of the Dendrobium Swamp Rehabilitation Research

Program.
LW 21A should be redesigned, through The layouts at Dendrobium Mine have been assessed, and
narrowing longwall panel widths, increasing where possible, modified to reduce the potential for impacts
the pillar widths, and increasing the distance to sensitive surface features. Changes to a mine layout have
of mining from sensitive surface features so significant flow-on impacts to mine planning and
that it does not damage overlying swamps scheduling as well as economic viability. These issues need
and associated drainage lines. to be taken into account when optimising mine layouts. The

process adopted in designing the Dendrobium Area 3C mine
layout incorporated the hierarchy of
avoid/minimise/mitigate as requested by the DPE and BCD.

Longwall 21A is setback 510 m from the Lake Cordeaux FSL.
This setback also reduces subsidence movements at

surface features in proximity to Lake Cordeaux, including the
tributaries LC6, LC7, LC8 and LC9, and Swamps 16, 145, 155
and 156. The layout of the proposed longwall is designed to
avoid Wongawilli Creek, as well as significant geological
constraints. Wongawilli Creek and Sandy Creek are located

1.1 km and 980 m from the proposed longwall respectively.

Given that surface to seam connective Refer to previous responses provided above.
fracturing is predicted to occur, it is highly
likely that surface water flows and swamp
aquifers will drain directly into the mine and
not re €merge at the limits of fracturing and
dilation. This is likely to have a serious and
irreversible impact to aquatic habitat for

threatened species and the Coastal Upland
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Swamp (CUS) Threatened Ecological
Community (TEC).

The direct undermining of upland swamps by
LW 21A is likely to impact on 9.4 hectares of the
CUS TEC including swamps 9, 156, 157 and
potentially 145 and 16. The watercourses LC5,
LC6 are also likely to be impacted
(approximately 2.64 kilometres). The complex
and significant swamp 7 may be further
impacted by LW 21A, noting that it is likely to be
affected as a result of the approved LW 22 and
23.

The following matters should be addressed in

an updated Report, prior to submission to DPE . .
Refer to previous responses provided above.

- Planning:
Revision of the SIS (Biosis, 2007) is not warranted. This
assessment was undertaken as part of a development
1. LW21A be redesigned so that it does not consent process for the Dendrobium Mine and is merely
damage overlying swamps and used to inform the 2023 assessment. The relevant
associated drainage lines. This can be assessment to Longwall 21A is the Terrestrial Ecology
achieved by narrowing the longwall panel Assessment (Niche, 2023) which is based on current
widths, increasing the pillar widths, and guidelines and legislation as well as updated field surveys,
increasing the distance of mining from data and mapping.

sensitive surface features (swamps, ) ) . )
The Terrestrial Ecology Assessment in Section 6 is based on

streams and Cordeaux Dam).
) MSEC, 2023 cumulative subsidence predictions for approved

2. £@0Oc¢laa ¥i! aU ¢U@ £ Adpaetc O ( and proposed longwalls in Area 3C including Longwalls 21, 22,

assessment for the entire DA3 study area 21A and 23). Survey undertaken as part of the Longwall 21A

has already been completed in the form SMP is discussed in Section 4.2 and results shown in Figure 5

of an SIS (Biosis, 2007), however the aU ¢cUg agaaaci CUQ Oedaddac =edégi oUUA
current assessment is required to ensure treefrog, giant burrowing frog, red crowned toadlet and giant

that findings of the SIS remain relevant to dragonfly. Results can be viewed on Figure 5 and in Table 15

¢ E ¥ o."Fhis assessment is outdated and of the report.

does not take account of changes in the . A L . e A
) CUQ agaaac OddeUxPaaxe aagdé UaUaaaOcgUa

status of species nor the current ) ) ) )
subsidence impacts, the accuracy of previous subsidence

understanding of the impacts of mining in

predictions and results from monitoring of impacts to
Area 3. The assessment relies on e A A . ~ A 3
g0anavuUOOR UBgOgceadae Oax ¢cUALBOGcOAD X

remediation as a feasible action to

mitigate impacts, however despite efforts This is provided in Appendix A of the Longwall 21A Swamp

to undertake remediation within swamps Impact Monitoring, Management and Contingency Plan

and streams, there has been no evidence (Appendix 2 of the Longwall 21A SMP). An excerpt is provided
that it has been or is able to be achieved below.

satisfactorily. The assessment needs to be Refer to Section 3 of the Longwall 21A Swamp Impact

revised accordingly and alternate actions Monitoring, Management and Contingency Plan (Appendix 2
should be adopted in lieu of the originally of the Longwall 21A SMP).

proposed remediation (eg. alternate mine
design, setbacks from significant features

etc.).
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LW21A AGENCY SUBMISSION ‘ RESPONSE

3. The Terrestrial Ecological Assessment Avoidance of impacts is undertaken as part of the Integrated
(Niche 2023) and relevant sections of the Mine Planning Process (IMPP) and is described in Section 5.3
SMP need to be updated to address the of the Longwall 21A SMP.
following matters prior to submission to

Remediation/rehabilitation measures are detailed in the
DPE - Planning:
g Dendrobium Swamp Rehabilitation Research Program.

(@) Cumulative impacts of all mining ) ) .
Where impacts are greater than predicted or not within
(completed and proposed) within Area

3C (including LWs 21, 21A, 22, 23) and

across the whole of the Dendrobium

approved levels, offset measures will be considered. This will
be undertaken in consultation with relevant regulatory

agencies. Details of how offsetting will be achieved is
mine for Coastal Upland Swamps TEC,

¢cUceR@Yalaae ¢a@@dU4aauy |\

frog, red crowned toadlet and the giant

described in Section 6 of the Strategic Biodiversity Offset
(October, 2023) available on the IMC website.

dragonfly. !

(b) Changes in vegetation composition
that have occurred in other
undermined, fractured and drained
swamps. This needs to be used to
inform the impact assessment of
Den09, Den156 and Den157 (or other
swamps above Area 3C).

(c) Provide a table which states baseline
period for any swamp or
threatened/endangered species
monitoring site proposed for later
comparison/impact assessment after

mining occurs.

(d) Provide a table describing
reference/control sites for swamp(s) or
threatened species proposed for
comparison/impact assessment after

mining occurs.

(e) Provide a Before-after, Control-impact
(BACI) assessment of past impacts
and BACI design going forward for
objective assessment of impacts to
swamp(s) or threatened species
population(s) above LW21A (or in the
vicinity of LW21A) for verification of

predictions.

(f) Provide further clarification how impacts
to threatened biodiversity have been
avoided and describe where, how and

what impacts will be avoided.

(g) Provide further detail on

remediation/rehabilitation measures
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LW21A AGENCY SUBMISSION ‘ RESPONSE

for restoration of species habitat, and
how these measures will benefit

threatened species within Area 3.

(h) Provide further detail how offsetting will
be achieved for threatened species

which will be significantly impacted.

!Niche (2023) do not state whether any of the
swamps or streams in the vicinity of LW21A (or
the broader Area 3C) have been surveyed for
Litoria Littlejohni, Pseudophryne australis,
Heleioporus australiacus or Petalura gigantea;
or the results of such surveys
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Table 9-4 IEP (2019b) Recommendations (SMP Approval Condition 11c, Schedule 3)

IEP RECOMMENDATION RESPONSE/RELEVANT SIMMCP SECTION

18. Future swamp monitoring and Monitoring the hydrogeological balance of representative swamps with
modelling programs should be flow gauges at the downstream exit stream is underway for three
designed to: swamps in Area 3C (Figure 3-1,  Section3.4) including:

a) Provide a hydrological balance x £éOad 2 Uxe O ROAUEG O4ax adaaanrgesa ¢ORR@E ¢
for representative swamps, a4aR) =é0aa OaaxeUxgaox adaaargeas20t 26 B@Ady, 3
sufficient to identify any mining- Area. A gauging station has been established on the exit stream for
induced changes in soil Swamp 7.
moisture and in baseflow down x Eebas o'l Uz O ®aORR Oax aelaalda Ag@ding O
the exit stream; and to provide . . . . .

station (WC26S2) was installed in late 2022 immediately

vertical leakage rates as inputs downstream of Swamp 153 to monitor swamp outflow.
to groundwater models, in order
to quantify how much of the x Eedaa ugs Ue O =alnrR Oax az=UaianrdaAgagnge (
leakage is diverted back into the station (WC20S2) was installed in late 2022 immediately
catchment or elsewhere. downstream of Swamp 144 to monitor swamp outflow.

As suitable datasets become available for these swamps, this data is

incorporated into groundwater modelling to account for water loss

scenarios.

b) Link any changes in swamp Impacts to swamp ecology are not immediately obvious after
vegetation to changes in water groundwater changes as a result of mining ( Section 4.5) . There appears
table position, soil moisture to be a lagging effect for swamps that have been undermined, slowly
content and soil organic carbon transition to drier upland swamp community subtypes. For large
content. representative swamps in Area 3C, swamp monitoring reporting such as

End of Panel (EoP) Reports ( Section 3.14) and the Dendrobium Annual
Terrestrial Ecology Monitoring Program will assess changes in swamp
vegetation to changes in groundwater, soil moisture and soil organic

carbon content. The Dendrobium Annual Terrestrial Ecology Monitoring
Program currently assesses this for swamps in Areas 3A and 3B.

Piezometric data indicates changes in shallow groundwater levels
following extraction of longwalls beneath or near swamps. Ecological

trends of monitored swamps is assessed in consideration of shallow
groundwater and soil moisture, this is discussed in Section 4.1 of Biosi s
Research 2020.

c) Identify the presence of and any As part of the Dendrobium Swamp Rehabilitation and Research Program
changes in obligate swamp (Section 6.6 ), Giant Dragonfly surveys have been conducted over a three
fauna such as the giant year period.
dragonfly (Petalura gigantea). It should be noted that part of the purpose of this research is to better

understand the distribution of the Giant Dragonfly as it is often not
observed in similar abundance over successive years, indicating that
variables that are not currently understood may be influencing the
sightings.

Giant dragonfly monitoring has been included as a component of the
Dendrobium Ecological Monitoring program to be undertaken in Areas

3A, 3B and 3C.
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20.

Annual performance reports,
end- of-panel reports and
reports on studies required by
development consent

conditions, should:

Impacts to swamp ecology are not immediately obvious after they have

been impacted by mining. There appears to be a lagging effect for
swamps that have been undermined, slowly transition to drier upland
swamp community subtypes. EoP Reports consider these lagging and
cumulative effects where no immediate impact is apparent ( Section

45).

period of monitoring, rather

than just the previous year, that
should be assessed, not only for
the current mining area but for

previous mining domains

a) integrate hydrological and
ecological impact and The Dendrobium Annual Terrestrial Ecology Monitoring Program will
consequence assessments incorporate findings from the surface water impact assessments that
are carried out for EOP Reporting to integrate hydrogeological impacts
to swamps ( Section 4.7 ).
b) include discussion of the inter- As detailed above, discussion of the inter-related changes in
related changes in hydrological hydrological and ecological consequences for swamps will be included
and ecological consequences in the Dendrobium Annual Terrestrial Ecology Monitoring Report ( Section
for swamps, rather than having 4.7).
only discrete chapters on each
c) include results for the entire The Dendrobium Annual Terrestrial Ecology Monitoring Report ( Section

4.7) assesses several monitoring parameters including photo point
monitoring, total swamp area, species composition and species
composition over several years e.g. total swamp area for a number of

swamps is compared from 2014 to present.
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Table 9-5 IEP (2019c) Advice (SMP Approval Condition 11d, Schedule 3)

IEP ADVICE

In respect of monitoring as

specified in the Swamp Impact,
Monitoring, Management and
Contingency Plan (SIMMCP), several

points may be noted:

X Variations in monitoring
frequency before, during and
after mining may preclude
assessment of mining-related
impacts, especially in swamps
where the piezometers are not

logged.

RESPONSE/RELEVANT SIMMCP SECTION

Swamp monitoring within Area 3C will be installed ahead of mining to
achieve at least 2-years baseline data (subject to timing and approval
timeframes of any request to install additional monitoring). Monitoring is
generally conducted through the mining period and for 2-years
following active subsidence (  Appendix A ). Where impacts are observed
the monitoring period will be reviewed and this review will be

Section 6.2 ).

reported in

Impact Assessment Reports and EoP Reports (

Shallow swamp piezometers (  Figure 3-1 ) and deep monitoring bores

(Figure 3-3 ) at Dendrobium mine are routinely logged.

The monitoring approach for Area 3C is discussed in detail in Section 1.3 .
In summary, monitoring resources are targeted at swamps which have
been determined and identified through robust assessment to have a

higher likelihood of impact. These swamps would have suitable

X To assess possible mining-
related impacts, the proposed
monitoring points in Swamps
144, 145 and 09 should be
installed as soon as possible.

baselines which can be used to assess mining related impact S.

Swamp monitoring points in Area 3C will be installed ahead of mini ngto
achieve at least 2-years baseline data (subject to timing and approval
timeframes of any request to install additional monitoring) (Appendix A)

Paired piezometers and soil moisture probes have been established in

swamps:

X Swamp 9 Ypiezometer 09_01 was established 07/08/2020.

Swamp 9 Ypiezometer 09_02 was established 09 /0 6/2022.
x Swamp 144 piezometer 144 01 was established 28/08/2020.

x Swamp 145 piezometer 145_01 was established 04/12/2020.

x Use of vegetation change to
monitor ecosystem functionality
is of continuing concern, despite
recognition of the less resilient

sub-communities identified in

(teatree thicket, cyperoid
heath), because of the inability
so far to distinguish possible
mining-related changes from
past monitoring data. While the
implication may be that no
mining-related change has
occurred, it is equally possible
that the techniques and data
have been inadequate to
discern the differing extents or

causes of change.

¢cUg AOagRae AOAc ¥ Al

At the Agency Consultation Workshop between ICHPL, WaterNSW, DP E
and BCD on 27 May 2013, there was discussion about the definition of

R@Oamieecga UeadcUaadbRrUcia Ua aoR0OcUA4 ca =8
a0 0=e&d0x Uad =élade; CUQ ¢co0da R@Oa=iecoa U
Table 1 of Condition 13 of the 3B SMP Approval. The term is not

in the definitions of the Development Consent or SMP Approval.

included

At the workshop it was stated that BCD disagrees with the definition of
ecosystem function included in the Plans as they consider it is too
simplistic and does not cover shallow groundwater levels. DPE advised
the intent of the performance measure relating to ecosystem
functionality for swamps was more general in intent; basically, the

swamp will remain a swamp.

The outcome of the workshop was that ICHPL proposed that the
ecosystem function of swamps is measured via changes in the
proportion of Banksia Thicket, Tea-tree Thicket and Sedgeland-hea th
Complex within the monitored swamps. This measure has been
approved by the DPE in SIMMCPs since 2013.

To address further advice from the Panel in August 2023, the swamp

TARP has been updated to include performance indicators for
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IEP ADVICE ‘ RESPONSE/RELEVANT SIMMCP SECTION
ecosystem functionality to include hydrological changes within the
swamp.

X The shallow groundwater Watershed HydroGeo (2018) assessed impacts against the two agreed

UaadbOc¢e 040 Oea e @@ a modes, as in the SIMMCP. Where identification of an impact from those

Oorae O0xewrRUA&ABA a4 ( two quantifiable measures was unclear, qualitative comparison against

recession rate. However, it is reference site behaviour was also undertaken. Watershed HydroGeo
unclear in the analysis by (2018) did not include a change to more frequent falls to baselin e as an
Watershed HydroGeo whether a impact.

change to more frequent falls to ) .
For the Dendrobium Longwall 16 EoP, HGEO developed a graphical

baseline (analogous to a . . .
representation of swamp saturation levels by monthly intervals, as

stream no-flow condition) and - ) ) L
presented in Figure 43. That provides a means of visualising increas ed

brief spiking only after rainfall is
piKing ony periods of dry or less saturated conditions compared to Reference Site S.

counted as an impact. Swamps
01b_01 and 05_08 are

This method could be extended to allow a quantitative assessment of

potential impacts, but we consider that the visual comparison is

examples. . . . .
effective, even for the intermittently wet swamps in the headwate rsoron
valley sides.
In the case of the two example piezometers identified by the IEP, a brief

summary of the assessment is presented below (note that a piezometer

Af£" Of«a xa@e adac PBéUaci ¢ Ue Omaeéadx ca 00
that 05_05 was meant to be referred to).

01b_01 (280 m from Longwall 9): has a very short baseline, which
hampers definitive assessment. However, assessments by two
hydrogeologists (carried out independently for the purpose of the
Watershed, 2018 report) both indicated that an impact was unlike ly.
Furthermore, the pre- and post-mining behaviour of 01b_01 remained

very similar in character to the reference sites 33_01, 33_03, and 88_02.

05_05 (above chain pillar between Longwalls 11 and 12): as above ,
assessment is hampered by a short baseline. Effects on recession rate

and falling below baseline were unclear. Considering duration of below

baseline or the saturation (compared to 33_03 and possibly against

23_01), an impact is likely to have occurred in August-November 2015 ( it
is very difficult to define exactly when). This occurred in the second half

of Longwall 11, which passed within 40 m of 05_05 in early July 2015.
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Table 9-6 PSM (2018) Recommendations (SMP Approval Y Condition 11e, Schedule 3)
PSM (2018) RESPONSE/RELEVANT SIMMCP SECTION
RECOMMENDATION
1. The monitoring must be holistic South32 and consultant experts maintain and manage sophisticated
and conceptualised from models for geology, geotechnical, groundwater and surface water.

sound models including:
g Mine layouts for Dendrobium Area 3C have been developed using

a) Geological; South32s Integrated Mine Planning Process (IMPP). This process

) considers mining and surface impacts when designing mine layouts.
b) Geotechnical;

During this process, monitoring programs required to safely, efficiently
¢) Groundwater; and and responsibly operate are developed. South32 and consultant

d) Surface water experts participate in the IMMP ( Section 6.3 ).

Additionally, the SMP Applications for Longwalls 20 and 21, Longwalls 22

and 23, and Longwall 21A include an independent consultant facilitated

risk assessment (Axys 2019, Axys 2021 and Axys 2022) in accordance

8Uc¢U ¢U@ v Aae 400a2aa04ax0¢laad >¥£u-0cej CUUe
attended by experts in the fields of; aquatic ecology, terrestrial ecology,
subsidence, groundwater and surface water. This risk assessment was

reviewed by an independent expert, Professor Bruce Hebblewhite.

The Longwalls 20 and 21 Surface Water Assessment (HGEO 2019) also
considered shallow groundwater monitoring sites. The

recommendation of establishing monitoring sites in Swamps 9, 144 and
145 has been adopted by ICHPL. As part of the Longwalls 22 and 23 SMP
application, ICHPL has installed shallow groundwater monitoring sites in
Swamps 7, 153 and 154. Shallow groundwater monitoring sites located

in the Longwall 21A Study Area (35 degree angle of draw) will include
sites in Swamps 7, 9, 16, 145, 156 and 157 (subject to WaterNSW

approval).

2. All the natural and man-made Natural features such as swamps and watercourse are described and
infrastructure must be characterised in ~ Section 3 of the SIMMCP and WIMMCP. The sensitivities
identified, characterised and of mining to each of these are assessed in the specialist assessments
the sensitivities identified. attached to the SMP applications. Man-made features are

characterised and detailed in the SMP documents and the subsidence

assessments.

Sensitive features are identified and considered as part of a formal risk
assessment (Attachment E of the SMPs [Axys 2019, 2021 and 2022 D
48a00@ae Ua 000a&ax040@ eUcU ¢U@ v Aae 400aa
Potential impacts to these sensitive features are assessed in this risk

assessment.

3. Hence the monitoring program The Area 3C monitoring program ( Section 3 ) has been designed for the
is objective driven by the natural features located within the Study Area and addresses the
characteristics of the site sensitivities of the natural features e.g. swamps have a number of
conditions and the demands of parameters monitored including observational monitoring, shallow
the infrastructure that need to groundwater, soil moisture, ecosystem function, swamp size and flora

be protected and/or managed. composition.
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PSM (2018)

RECOMMENDATION

4.  The monitoring must be
installed early enough to give

an effective baseline.

RESPONSE/RELEVANT SIMMCP SECTION

Swamp monitoring within Area 3C has been installed to provide a
minimum of 2 years of baseline data (where timing and approval
timeframes of any request to install additional monitoring can be

reasonably met) ( Appendix A ).

5. The monitoring must continue
throughout and after the

mining has been completed.

Swamp monitoring within Area 3C will be conducted throughout the
mining period and for at least 2 years following active subsidence. A
review of the continuation of post mining monitoring will be carried out

in consultation with DPE, WaterNSW and other relevant agencies where
required ( Appendix A ). Where impacts exceeding prediction are
observed, the monitoring period may be extended and this will be

reported in Impact Assessment Reports and EoP Reports.

6. The monitoring must be
cognisant of potential
interactions between the

mining areas.

The potential impacts to swamps and the monitoring sites in Areas 3A,
3B and 3C will be reviewed to ensure monitoring sites, particularly
reference sites are not influenced by interactions between the mining

areas. This will occur on a periodic basis as detailed in

Cumulative effects from mining areas is addressed in the specialist
assessments that support the SMP application e.g. subsidence
assessment. The monitoring programs are informed by the

recommendations from the specialist assessments.

EoP assessments will identify any monitoring site which may have
experienced influence from other mining areas. This will be taken into
consideration and an alternate site may be established where
appropriate ( Section 8.5 ).

7. There must be sufficient
monitoring remote from the
mining to define the extent of

the effects and impacts.

As detailed in  Section 3 , reference monitoring sites have been
established and will continue to be monitored. Data from these
reference swamps is used to compare differences in shallow
groundwater levels within swamps, streams and hill-slope aquifers
before and after mining. Reference sites are monitored to provide a
comparison of sites mined under and not mined under during different

climatic conditions.

As mining operations progress to Area 3C, impacts to swamps will be
reviewed to ensure monitoring sites, particularly reference sites are not
influenced by interactions between the mining areas. This will occur on

a periodic basis as detailed in Section 8.5 .

Far field impacts (remote from mining) are monitored during longwall
extraction at Dendrobium via a network of survey monitoring marks
which form the regional 3D GNSS network. This is supplemented by
airborne based digital terrain modelling to determine absolute and

incremental ground subsidence over entire mining areas.

Monitoring of impacts is generally undertaken within 400m of active
mining, and further from mining for features sensitive to far field

movements e.g. valley closure.

Section 8.5 .
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PSM (2018)

RECOMMENDATION

RESPONSE/RELEVANT SIMMCP SECTION

Results from monitoring are assessed in the EoP Reports to determine if

far-field movements were within predictions.

8.

Each new mine or area will
require a specific monitoring

program.

There is a SIMMCP for each of the three Dendrobium mining areas:
Dendrobium Area 3A SIMMCP (2021), Dendrobium Area 3B SIMMCP
(2020) and Dendrobium Area 3C SIMMCP (this document). Each of
these plans have been specifically developed in consideration of the

natural features within each of the mining areas.

These monitoring plans are integrated in assessments such as the
Dendrobium annual terrestrial ecology monitoring and aquatic ecology
monitoring programs ( Section 3.12) which assess impacts across
Areas 3A and 3B, and 3C.

The monitoring program must

be flexible and may require a
number of cycles of design in

order to ensure all the aspects

au ¢U@ adaaanrgde =izeg
captured.

A review of the objectives and targets associated with the Dendrobium
Area3C operations will be undertaken on an annual basis via the ICHPL
planning process. These reviews, which include involvement from
senior management, assess the performance of the mine over the
previous year and develop goals and targets for the following period
(Section 8.5 ).

The ICHPL Subsidence Review Meeting is held monthly and attended by
various specialists within ICHPL. As part of this meeting, environmental
impacts and the current monitoring program is presented and

reviewed by the attendees, allowing for adjustments to monitoring

practices and regimes where necessary.

Where a Level 2 or 3 TARP is reached a specialist consultant reviews the
monitoring data and assesses whether the monitoring program needs
to be modified ( Section 6.2 ).

The EoP Reporting process includes an assessment of the adequacy of
the monitoring program and recommends any changes required
(Section 6.2 ).

Any changes required to monitoring programs are to be approved by
DPE
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Table 9-7 IEP Advice (March 2022)

Y Method of Analysis of impacts on Swamp Hydrology

(SMP Approval, Condition 11f, Schedule 3)

IEP RECOMMENDATION
4. The method of analysis of impacts on
swamp hydrology developed in response
to IEPMC recommendations should be
included in the Swamp Impact Monitoring

Management and Contingency Plan

RESPONSE
As set-out in previous documentation, two hydrological impacts

on swamp water tables are defined as:

1) Water level falls to below the pre-mining baseline

(minimum) level following mining.

2) The post-mining water table recession rate exceeds that

measured in the pre-mining period.

These are assessed via graphical output developed for the End
of Panel Reports, which plots both water table elevation and
recession rate through time. For some swamps, judging
whether there is an impact due to mining is obvious, with a
sudden change in behaviour occurring when longwalls pass

under or close to the swamp/piezometer.

For other sites, confidently identifying an impact can be more
difficult, especially if the water table fell to below the base of the
piezometer in the pre-mining period. In these cases,

comparison against suitable Reference Sites is carried out,
where pre-mining behaviour is used to identify the most
appropriate sites. To do this, the hydrograph for the Assessment
Site and Reference Site are aligned to provide a consistent
temporal scale, and similarities and differences reviewed and
considered in the context of rainfall and evaporation trends,

and the proximity of mining.

When completing this comparison, changes to the duration over
which the water table is at or below the base of the piezometer
is also used (in addition to impacts #1 and #2, above) to

determine the occurrence of an impact.
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Appendix C  YArea 3C Swamp Monitoring and Reference Sites




AppendixC -Area3CMonitoring and ReferenceSites(Dataasat 21 July202%5)

Monitoring Site ID

Data Type

Area

Monitoring Start

Monitoring

Longwall

Easting

Northing

Date CompletionDate
07_05 Groundwaterlevel DendrobiumArea3c 15/07/2014 ongoing Lw23 292444.0 61947%.0
07_06 Groundwaterlevel DendrobiumArea3c 3/07/2015 ongoing LW23 29249.0 6195013.0
07_07 Groundwaterlevel DendrobiumArea3c 1/07/2022 ongoing LW23 292418.0 61947010
09 01 Groundwaterlevel DendrobiumArea3c 7/08/2020 ongoing LW21la 292205.0 61940%.0
09 _02 Groundwaterlevel DendrobiumArea3c 9/06/2022 ongoing LW21la 292200.0 61942010
16 01 Groundwaterlevel DendrobiumArea3c 13/02/2024 ongoing LW21a 293510.0 6193509.0
16 03 Groundwaterlevel DendrobiumArea3c 13/02/2024 ongoing LW21la 293386.0 | 61934510
. . Not mined beneath|
140 01 Groundwaterlevel DendrobiumArea3c to be installed mining ared W23
141 01 Groundwaterlevel DendrobiumArea3c to beinstalled thmlned beneath)
— mining aredL W23
. . Not mined beneath
144 01 Groundwaterlevel DendrobiumArea3c 28/08/202( ongoing mining area LW21 291562.0 619397.0
. . Not mined beneath
145_01 Groundwaterlevel DendrobiumArea3c 4/12/2020 ongoing mining area LW214 292099.0 61937%.0
. . Not mined beneath|
152_01 Groundwaterlevel DendrobiumArea3c to be installed mining ared W23
153 01 Groundwaterlevel DendrobiumArea3c 9/06/2022 ongoing LW23 2911710 61951860
. . Not mined beneath
154 01 Groundwaterlevel DendrobiumArea3c 11/11/2023 ongoing mining area LW22, | 2933580 61945370
Ground level drobi 3 - Not minedbeneath,|  293763.0 | 6194240.0
155_01 roundwaterleve DendrobiumArea3c 2/02/2024 ongoing mining area LW22
2/02/2024
156 01 Groundwaterlevel DendrobiumArea3c ongoing LW21la 293497.0 | 6193928.000
16/02/2024
157 01 Groundwaterlevel DendrobiumArea3c ongoing LW21a 292767.0 6193834.0

Note: Approvedmonitoringsitesincludedin Table.Any proposedsitesawaitingapprovalare not included.




S07_05 SoilMoisture DendrobiumArea3c 12/06/2021 ongoing LW23 292444.0 6194752.0
807_06 SoilMoisture DendrobiumArea3c 12/06/2021 ongoing LW23 292499.0 6195013.0
807_07 Soil Moisture DendrobiumArea3c 13/09/2022 ongoing LW23 292418.0 6194701.0
S09 01 SoilMoisture DendrobiumArea3c 10/08/2021 ongoing Lw21la 292205.0 6194035.0
S09 02 SoilMoisture DendrobiumArea3c 28/03/2022 ongoing LW21la 292200.0 6194204.0
S16_01 SoilMoisture DendrobiumArea3c 31/01/2024 ongoing LW21la 293510.0 6193509.0
S16 03 SoilMoisture DendrobiumArea3c 15/02/2024 ongoing LW21a 293386.0 61934510
S140 01 SoilMoisture DendrobiumArea3c to be installed No_t mlned beneath
_ mining aread W23
. . . . Not mined beneath|
S141_01 SoilMoisture DendrobiumArea3c to be installed mining area W23
. . . . Not mined beneath,
3144_01 Soil Moisture DendrobiumArea3c 27/08/2020 ongoing mining area LW21 291562.0 6193927.0
iIMoi . . Not mined beneath,
S145 01 SoilMoisture DendrobiumArea3c 10/08/2021 ongoing mining area LW21. 292099.0 6193786.0
. . . . Not mined beneath|
SoilMoisture DendrobiumArea3c to be installed
S152_01 mining ared W23
S153_01 SoilMoisture DendrobiumArea3c 27/09/2022 ongoing Lw23 2911710 61951860
. . . 13/09/2022 . Not mined beneath,
S154 01 SoilMoisture DendrobiumArea3c ongoing mining area LW22, 293358.0 6194537.0
SoilMoisture DendrobiumArea3c ongoin Not minedbeneath,|  293763.0 6194240.0
S155 01 12/01/2024 going mining area LW22)
S156 01 SoilMoisture DendrobiumArea3c 24/01/2024 ongoing Lw21la 293497.0 | 6193928.000
S157 01 SoilMoisture DendrobiumArea3c 15/02/2024 ongoing LW21la 292767.0 6193834.0

Note: Approvedmonitoringsitesincludedin Table.Any proposedsitesawaitingapprovalare not included.




22 01 Groundwaterlevel ReferenceSwamps 11/08/2015 ongoing Not minedbeneath| 292800.0 6188138.0
22_02 Groundwaterlevel ReferenceSwamps 11/08/2015 ongoing Not minedbeneath| 293186.0 6188170.0
24 01 Groundwaterlevel ReferenceSwamps 10/11/2022 ongoing Not minedbeneath| 292208.0 6187666.0
25_01 Groundwaterlevel ReferenceSwamps 30/07/2009 ongoing Not minedbeneath| 292451.0 6190414.0
33_01 Groundwaterlevel ReferenceSwamps 13/08/2015 ongoing Not minedbeneath| 291948.0 6190939.0
33_03 Groundwaterlevel ReferenceSwamps 13/08/2015 ongoing Not minedbeneath| 291669.0 6191270.0
84 01 Groundwaterlevel ReferenceSwamps 3/07/2015 ongoing Not minedbeneath| 294101.0 6192112.0
85_01 Groundwaterlevel ReferenceSwamps 26/06/2015 ongoing Not minedbeneath| 288040.0 6195000.0
85_02 Groundwaterlevel ReferenceSwamps 26/06/2015 ongoing Not minedbeneath| 288141.0 6195011.0
85_03 Groundwaterlevel ReferenceSwamps 26/05/2017 ongoing Not minedbeneath| 288222.0 6195022.0
86_01 Groundwaterlevel ReferenceSwamps 26/06/2015 ongoing Not minedbeneath| 286625.0 6196839.0
86_02 Groundwaterlevel ReferenceSwamps 26/06/2015 ongoing Not minedbeneath| 286536.0 6196553.0
86_03 Groundwaterlevel ReferenceSwamps 15/06/2017 ongoing Not minedbeneath| 286535.0 6196653.0
87_01 Groundwaterlevel ReferenceSwamps 8/07/2015 ongoing Not minedbeneath| 290859.0 6180953.0
87_02 Groundwaterlevel ReferenceSwamps 8/07/2015 ongoing Not minedbeneath| 290881.0 6181182.0
88_01 Groundwaterlevel ReferenceSwamps 8/07/2015 ongoing Not minedbeneath| 289221.0 6180109.0
88_02 Groundwaterlevel ReferenceSwamps 24/08/2015 ongoing Not minedbeneath| 289368.0 6180463.0
S22 01 SoilMoisture ReferenceSwamps 15/07/2018 ongoing Not minedbeneath| 292800.0 6188138.0
S24_01 SoilMoisture ReferenceSwamps 13/12/2022 ongoing Not minedbeneath| 292208.0 6187666.0

Note: Approvedmonitoringsitesincludedin Table.Any proposedsitesawaitingapprovalare not included.




S25 01 SoilMoisture ReferenceSwamps 3/04/2023 ongoing Not minedbeneath| 292451.0 6190414.0
S33_01 SoilMoisture ReferenceSwamps 30/06/2023 ongoing Not minedbeneath| 291948.0 6190939.0
S33_03 SoilMoisture ReferenceSwamps 30/06/2023 ongoing Not minedbeneath| 291669.0 6191270.0
S84 01 SoilMoisture ReferenceSwamps 5/07/2023 ongoing Not minedbeneath| 294101.0 6192112.0
S85_01 SoilMoisture ReferenceSwamps 7/07/2023 ongoing Not minedbeneath| 288040.0 6195000.0
S85_02 SoilMoisture ReferenceSwamps 7/07/2023 ongoing Not minedbeneath| 288141.0 6195011.0
S85_03 SoilMoisture ReferenceSwamps 14/07/2017 ongoing Not minedbeneath| 288222.0 6195022.0
S86_01 SoilMoisture ReferenceSwamps 22/09/2023 ongoing Not minedbeneath| 286625.0 6196839.0
S86_02 SoilMoisture ReferenceSwamps 22/09/2023 ongoing Not minedbeneath| 286536.0 6196553.0
S86_03 SoilMoisture ReferenceSwamps 24/07/2017 ongoing Not minedbeneath| 286535.0 6196653.0
S87_01 SoilMoisture ReferenceSwamps 7/03/2023 ongoing Not minedbeneath| 290859.0 6180953.0
S87_02 SoilMoisture ReferenceSwamps 8/05/2016 ongoing Not minedbeneath| 290881.0 6181182.0
S88 01 SoilMoisture ReferenceSwamps 7/03/2023 ongoing Not minedbeneath| 289221.0 6180109.0
S88 02 SoilMoisture ReferenceSwamps 25/11/2022 ongoing Not minedbeneath| 289368.0 6180463.0

Note: Approvedmonitoringsitesincludedin Table.Any proposedsitesawaitingapprovalare not included.




