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1 INTRODUCTION
1.1 Project Background
Dendrobium Coal Pty Ltd, a subsidiary of lllawarra Coal Holdings Pty Ltd (ICH PL), operating 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 D endrobium
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 followed the process of section
75W of the Environmental Planning and Assessment Act 1979 (EP&A Act) and required the
submission of a comprehensive Environmental Asses sment (Cardno 2007). The Environmental
Assessment (EA) described the environmental consequences likel y from cracking and diversion of
ground and surface water as a result of the proposed mining. These impacts in cluded diversion of
flow, lowering of aquifers, changes to habitat for threatened spe cies as well 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 infrastr ucture under
section 75W of the EP&A Act.

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

Management Plan (SMP) for approval prior to carrying out mining operatio ns in Area 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 (SIMMCP) for

approval prior to carrying out mining operations in Area 3C.

1.2 Scope

The SIMMCP has been prepared to comply with the Dendrobium Development Consent which
requires a SIMMCP sub jectto Schedule 3 , Condition 6 as provided below

6. 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:
(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 15g;
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(c) include a general monitoring and reporting program addressing surface water level S,
near surface groundwater levels, water quality, surface slope and gr adient, 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 Tri gger
Action Response Plan structure) focusing on measures for remediating both pred icted

and unpred icted 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 tha t could

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
24A, 24B, 25A, 25B, 26, 27, 28 and 29 (Longwalls 24 to 29) ( 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 24 to 29;

X The predicted limit of vertical subsidence, taken as the 20 mm subsidence contour,

resulting from the extraction of the Longwalls 24t029; and

X The natural features located within 600 m of the extent of the longwall mining area, in

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

The depth of cover varies between 300 m and 4 00 m directly above Longwalls 24 t0 29. The 35°
angle of draw line, therefore, has been determined by drawing a line that is a horizontal distance

varying between 2 10 m and 2 80 m around the extents of the longwall voids.

The predicted limit of vertical subsidence, taken as the predic ted total 20 mm subsidence contour,
has been determined using the calibrated Incremental Profile Method (IPM), which is described in
MSEC (2025).

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 ha ve been included in the

assessments provided in this report. These features include stream s and up land swamps.

There are additional features that are located outside the 600 m boundary that could experience

either far field horizontal movements or valley related moveme nts. The surface features that could
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be sensitive to such movements have been identified and hav e 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 focusses on Swamps 6, 7, 140, 141, 152, 153, 154, 155, &l 158 within the Dendrobium
Area 3C mining domain  which are located either wholly or partially within  the Longwalls 24 to 29
Study Area based on the 600 m  boundary (Figure 1-1). There are o ther swamps outside the
Longwalls 24 to 29 600 m Study Area but within Dendrobium Area 3C which are monitored by ICHPL

and are included in Appendix A.

Swamp 15a, as defined in the Dendrobium Development Consent (Schedule 3, Co nditions 5, 6a and

6b), is not within the defined area of study relative to the proposed exte nts of Longwalls 24 to 29 .

A number of smaller swamp areas or swamp - like vegetation are scattered 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 field observations
indicate that these patches of vegetation o ccur randomly in the landscape, are not typically
restrained by sandstone rockbars ,and are unlikely to be sustained by groundwater 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 monito ring efforts focused
on larger representative swamps. An exception for the current Study Area include Swamp 157,
which has been included despite  its small size due to being incorporated in previous mapping for
adjoining longwalls and/or regional mapping (NPWS 2003). Further, these veget ation patches do
not occur in valley floors and therefore are not likely to be s ubject to valley closure movements

resulting from longwall extraction (Niche 2012)

1.4 Objectives

The objectives of this SIMMCP are to identify and monitor swamp fea tures and characteristics
within the Dendrobium Longwalls 24 t0 29 Study Area ( Figure 1-1) and to provide a Swamp Trigger
Action Response Plan (TARP) containing quantitative performance in dicators and management

actions for achievement of relevant performance measures

1.5 Consultation

The Dendrobium SIMMCP has been developed by ICHPLIin consultation with:
x Department of Planning, Housing and Infrastructure (DPHI);

X The Independent Expert Advisory Panel for Mining (IEAPM

X Resources Regulator;
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x Conservation Programs, Heritage and Regulation (CPHR(formerly  Biodiversity,
Conservation and Science Group) within the Department of Climate Change, 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 ).
151 Longwall 21 SMP Approval

In accordance with the Area 3C SMP Approval (19 December 2019) Condition 11a Schedule 3, the
SIMMCP was provided to CPHRand WaterNSW in June 2020 for consultation. Agency 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 fo r consideration. The
Department provided comments and recommendations in writing to ICHPLIin July 202 0.

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 SIMMCP was submitted in
accordance with Condition 11, Schedule 3 of the Longwalls 22 and 23 SMP approval o n 30 March
2023. Revision H.1 included advice from the Panel dated 1 August 2023 and the Department in
relation to L ongwall 19A SIMMCP in regard to the definition of  ecosystem functionality, the role of
hydrology in swamp ecosystem functionality and the structure and detail of the TARP. Performance
indicators for significant permanent pools within swamps include a prov ision within the TARP for
assessing if remediation is warranted and feasible to prevent changes to swamp ecosystem
functionality. Changes to the swamp monitoring network (Appendix A) were included accordingly.

Table 9 -2 (Appendix B) provides details of agency feedback and associated responses

153 Longwall 2 1A SMP Approval

Revision | of the SIMMCP is submitted in support of the SMP application for Area 3C Longwall 2 1A.
Revision 1.1 was 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 . The Longwall 21A SMP was approved by the DPHI on 9 July 2025, with subsequent
management plans, including Revision 1.2 of the SIMMCP approved on 3 October 2025.

Table 9-4 to Table 9-7 (Appendix B) provide details of comments and associated responses in
relation to previous updates of the SIMMCP.
154 Longwalls 24 to 29 SMP

Revision J .1of the SIMMCP (this report) is submitted in support of the SMP application for Area 3C
Longwalls 24 to 29. This revision (J.1)of the SIMMCP has been updated following consultation with

NSW Government Agencies who provided comments on the SIMMCP (Rev J) that was submitted to
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the Major Projects Portal on 20 August 2025 . NSW Agency feedback and ICHPL response is available
in Appendix 5 of the Longwall 24 to 29 Subsidence Management Plan
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2 PLAN REQUIREMENTS

Extraction of coal from longwalls in Area 3C will be in accordance wi th the conditions set out

in the Dendrobium Development Consent as well as conditions attached to re levant mining
leases.

Baseline studies have been completed within the Study Area and surrou nds to record
biophysical characteristics. Monitoring is conducted in the area potenti ally affected by
subsidence from the extraction of Longwalls 24 to 29 . The baseline studies have identified
monitoring sites in these areas based on the Before After Control Impact (BACI) design
criteria.

A comprehensive monitoring program for swamps is outlined in this SIMMCP ( Appendix A ).
A summary of swamp monitoring within Dendrobium Area 3C is provided in the fol lowing
sections. In the event that monitoring reveals impacts greater t han performance measures
under the Development Consent, modifications to the project and mitigation mea sures
including remediation, offsets, or other appropriate actions determ ined 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 a greement)
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 CONSENTCONDITION RELEVANTSIMMCP
SECTION
Condition 5 — Schedule 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 the Secretary .

Condition 6 — Schedule 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 satis faction

of the Secretary . Each such Plan must:

(@) demonstrate how the subsidence impact limits in condition 5 are to be met; Not Applicablet o Area
3C
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(b) include a monitoring program and reporting mechanisms to enable close and Not Applicable to Area
ongoing review by the Department and Resources Regulator  of the subsidence 3C

effects and impacts (individual a nd cumulative) of each Area 3A Longwall on

Swamp 15a ;

(c) include a general monitoring and reporting program addressing surface Section 3 and

water levels, near surface groundwater levels, water quality, surfac e slope and Appendix A

gradient, erodibility, flora and ecosystem function;

(d) include a management plan for avoiding, minimising, mitigating and Section 6 and
remediating impacts on swamps, which includes a tabular contingency plan Appendix A
(based on the Trigger Action Response Plan structure) focusing on measur es for

remediating both predicted and unpredicted impacts;

(e) address headwater and valley infill swamps separately and address each Section 3

swamp individually;

(U] be prepared in consultation with BCS, WaterNSW and Resources Regulator Section 15

(g) incorporate means of updating the plan based on experience gained as Section 8.5

mining progresses;

(h)  be approved prior to the carrying out of any underground mining operations Section 1.4

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

0] be implemented to the satisfaction of the Secretary . Section 2
2.2 Subsidence Management Plan Approval
The Dendrobium Area 3C SMP Approval was granted by the Direc tor, Energy, Resources and
Industry (as nominee of the Secretary) of DPHI on 9 July 2025 for Longwall s 21, 21A, 22 and 23
The approval does not include Longwall 20 as per Condition 1 of Schedule 4 of the Longwall

21 SMP Approval (19 December 2019) which states “ The Applicant must not extract Longwall

20 as presented in Subsidence Management Plan 2019.

The Dendrobium Mine Area 3C SMP  Approval stipulates in Condition 7 of Schedule 3 that the
applicant must ensure that the development does not cause any exceeda nce of the
performance measures . Performance measures  for swamps under the Area 3C Longwall
SMP Approval are provided in Table 2-2 below . In accordance with agency advice received
during the Longwall 24 -29 SMP consultation, Swamps 153 and 158 are proposed to be

incorporated into the subsidence impact performance measures.

Table 2-2 Subsidence impact performance measures — Swamps

Swamp 06, 07, 09, 16, Minor environmental consequences including:

140, 141, 144, 145, 152, X minor erosion of the surface of the swamp;

153,154, 155, 156, 157 X minor change inthe size of the swamp;

158 X minor change inthe  ecosystem functionality of the swamp;
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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 ICHPL to revise
the SIMMCP as follows:

By 30 September 2025 , the Applicant must submit a revised Area 3C SIMMCP (including

its associated TARP) to the Secretary which addresses the advice of the Inde pendent
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 Ar ea 3C SIMMCP

is approved by the Secretary.

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

Table 2-3 IEAPM Recommendations (2 July 2024)

\[o} IEAPM Recommendation Relevant SIMMCP
Section
1 IEAPM Recommendation 1:
The construction of a nested (standpipe) monitoring site at a suitabl e Section 3.6

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, fo r 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 influence of Section 6.5
approved offsets, and the reasoning behind current swamp monitoring
programs.
9 IEAPM Recommendation 9:
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
(Swamps 144, 145, 153, 154 and 155), so that the ‘more than minor’
impacts are reported in a timely manner and data are available for
modellin g and research purposes,

x  for ‘Ecosystem Function — Minor changes in the size of the swamp
be modified to make it clear that it is the extent of the whole swamp
being considered in this TARP,

x  for ‘Ecosystem Function — Minor changes in the ecosystem
functionality of the swamp’ be modified to add ‘Area 3C 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

i

within a swamp as a whole and within sub - communities within
the swamp
x  a performance measure and indicator related to mining induced Section 3.6

changes to the water table in the shallow groundwater system any
at newly established standpipe locations.
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\[o} IEAPM Recommendation Relevant SIMMCP
Section
10 IEAPM Recommendation 10:
A requirement to undertake monitoring of Swamp 154 to determine Section 6.5 and
whether greater than negligible impacts to ecosystem functionalit y occur Appendix A
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 vegetation Section 3.12.Jand
sub- communities be undertaken for all impact and control swamps Appendix A

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 3.1.1
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 monitoring of
total swamp size and size of groundwater dependent communities. Section 3.12.1

X South32 - IMC may wish to consider re - starting monitoring of
‘Terrestrial flora — composition and distribution of species’

throughout Area 3C for all swamps within 120 m from longwalls Section 3.12.2
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:
X monitoring for Littlejohn’s tree frog along LC7 should be added and Section 3.12.3and
baseline monitoring commenced as soon as possible. Figure 3 -5

X if they are not already included in the swamps monitored for Giant Section 3.12.3

dragonfly as part of the SRRP (South32 2023), Swamps 9 and 16 should

be added to this program.

. . . Section 3.12.3
X the monitoring system (baseline data, location and frequency) for ection

Red- crowned Toadlet and Giant Burrowing Frog should be clarified.

221 Area 3C SMP Approval — Modification s
Modification 1 to the SMP for Area 3C was approved on 20 November 2024 for a vari ation to
the layout of Longwall 23 to provide additional setback to an Aboriginal ¢ ultural heritage site
of high significance located to the north of Longwall 23, which includ ed:
X change in mining direction by retreating the longwall from the west towar ds the east;
x shortening of the commencing end (western) end by approximately 47 m ; and

X narrowing the overall void width from 305 m to 210.5 m.

The proposed extension to the finishing (eastern) end of Longwall 23 by approximately 74

m was not approved. Of key concern to the Department was the increased like lihood of
shallow groundwater impacts to Swamp 154. The Department noted that “The sub sidence
impact performance measure for Swamp 154, established by the Area 3C Subsi dence
Management Plan is for ‘minor environmental consequences’. The De partment considers
that likely shallow groundwater effects in up to 88% of Swamp 154 is un likely to achievet his
performance measure [if the proposed extension to the eastern end of Longwall 23 was

approved].”

10
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Modification 2 to the SMP for Area 3C was approved on 15 October 2025 f or a variation to the
layout of Longwall 21A for shortening of the longwall 21A overall void length by 28m whil

remaining otherwise  consistent with previously approved mine geometry

2.3 Leases and Licences
The following licences and permits may be applicable to ICHPLs operations in Dendrobium
Area 3C:

x Dendrobium Mining Lease CCL 768, issued 7 May 1998 and expires 7 September 2026

x  Environmental Protection Licence 3241 which applies to the Dendrob ium Mine. A

copy of the licence can be accessed at the EPA website ;
X Relevant Occupational Health and Safety approvals; and
X Any additional leases, licences or approvals resulting from the Dendrobium

Development Consent.

e

11
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3 MONITORING
Dendrobium Mine has undertaken longwall operations in the catchment since 2005,
beginning with Dendrobium Area 1. Mining operations have progressed into Areas 2, 3A, 3B

and 3 C. ICHPLhas conducted ongoing monitoring of upland swamps in the Dendrobium

area since 2001. This monitoring has evolved over this period and builds upo n the
understanding of processes within the swamps, along with identifying and assess ing any
episodic or temporal changes. In parallel with this, ICHPL has undertaken extensive

biophysi cal surveys, assessment and research of the Dendrobium mining area which hav e

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

monitoring program.

The monitoring program is consistent with Schedule 3, Condition 6 of the Dendrobium
Development Consent  to “include a general monitoring and reporting program addressing
surface water levels, near surface groundwater levels, water quality, surf ace slope and

gradient, erodibility, flora and ecosystem function

Condition 11c of the Area 3C SMP requires ICHPLto update the SIMMCP to fully reflect the

recommendations of the IEP on the Longwalls 20 and 21 SMP application dat ed 13 December
2019; relating to monitoring of swamp impacts, management, remediation and ¢ ontingency
planning in respect of swamps. Condition 11d requires ICHPLto 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 addres S
these conditions which form part of the foundation of the monitoring ap proach proposed

for Area 3C. A key monitoring recommendation from IEP (2019b) is:
“18. Future swamp monitoring and modelling programs should be designed to:

a. Provide a hydrological balance for representative swamps, sufficient to ide ntify 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

elsewhere.”

The majority of impacts to upland swamps are likely to occur above the pr oposed longwall
and within the groundwater impact zone. Hydrological impacts within swamps have not

been observed at distances greater than 120 m from the edge of a longwall at Dendrobium.
The swamp monitoring approach for Area 3C includes:

1. Monitoring those swamps which are withinthe 600 m Study Area and are subjectto

specific performance measures.

12
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2. Monitoring the hydrogeological balance of representative swamps with f low gauges

at the downstream exit stream.

Monitoring for Longwalls 24 to 29 will focus on Swamps 6, 7, 9, 16,140, 141144, 145,152, 153,154,
155, 156, 157 and158.

Swamp monitoring sites will be established ahead of mining to achieve at least 2 -years
baseline data (subject to timing and approval timeframes of any re quest to install
additional monitoring). Proposed monitoring sites are subject to minor | ocality change sdue
to field inspections which determine the suitability of the site . 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
undertaken.

ICHPLhas undertaken monitoring of swamps throughout Dendrobium Area s 2 and 3 over a
substantial period and impacts to shallow groundwater in swamps that are mi ned beneath
are well documented. The ongoing monitoring of swamps in Areas 3A , 3Band 3 C will provide

information on potential ecological impacts over time

3.1 Area 3C Swamps

Upland swamps are commonly known as vegetated freshwater wetlands occurrin g in
shallow basins located in low hills or mountains. They occur in eit her low sloped headwater
tributary valleys (headwater swamps) that are characteristically deri ved from colluvi al
sand eroded from the ridgelines or along the riparian zone o f the creeks (valley infill

swamps) within the headwater valleys.

There are 17 upland swamps within Area 3C, nine of these swamps are locate d within the

Longwall s 24 to 29 Study Area based on the 600 m boundary.

Of the nine swamps located in the Longwall 24 s to 29 Study Area, there are  three upland
swamps (Swamps 6, 7 and 153) that have been identified wholly or partially located above
the proposed longwalls and one swamp (Swamp 154) located above approved Longw all 22.
Swamp 158 is located above the coal pillar adjacent to Longwall 24B and t he remaining four
swamps (Swamps 139, 140, 141 and 152) are not located directly above proposed o r approved
longwalls, but within the Study Area based on the 600 m boundary . The swamps within  Area

3C and the Study Area are detailed in Table 3-1.

The swamps have bedrock bases and are associated with shallow groundwater aquife rs. A
number of the swamps in Area 3C terminate in rocky outcrops, exposed rock platforms or
small waterfalls. Swamp material builds up behind these obstructions ( e.g. prominen t 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 pr edominant source of

sediment for the swamps.

13
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The Endangered Ecological Communities (EECs) which make up the upland swamps in t he
Study Area, specifically, the Banksia Thicket, Tea -tree Thicket and Sedgeland - heath
Complex, as defined by the NSW Scientific Committee’s 2012 det ermination, have been

mapp ed and are presented in Niche ( 2025).

14
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Table 3-1 Summary of swamps within the Longwalls 21 to 23 Study Area
TOTAL AREA  HEADWATER SWAMP | VALLEY INFILL SWAMP

DISTANCE FROM NEAREST LONGWALL

REFERENCE CHARACTERISTICS AND LOCATION
HA (M)
Banksia Thicket. Small simple swamp, Partially above Longwall 25A and directly
Swamp 6 0.92
occurring on the valley side of CR36 above Longwall 26
Banksia Thicket, Tea -tree Thicket. Partially above Longwall 22 and directly
Swamp 7 5.09 Large complex swamp. Near the valley above Longwall 24B and Longwall 23
base of LC5B
Banksia Thicket, Tea -tree Thicket. Directly above Longwall 21A and ~90 m
Swamp 9 0.79 Small simple swamp near the valley south of Longwall 22
base of LC5B
Banksia Thicket, Tea -tree Thicket, | ~330 m south of Longwall 21A
Sedgeland -Heath Complex. Small
Swamp 16 3.75
complex swamp near the valley base
of LC1
Banksia Thicket. Small simple swamp, ~445 m from Longwall 21
Swamp 89 0.12 .
occurring near the valley base of WC21
Tea-tree Thicket, Sedgeland -Heath | 560 m west of Longwall 28, crossing the
Swamp 139 0.26 Complex. Small simple swamp, on the Study Area based on the 600 m boundary
valley side of Wongawilli Creek
Banksia Thicket. Small simple swamp, 185 m west of Longwall 25A
Swamp 140 0.55
on the valley side of Wongawilli Creek
Banksia Thicket. Small simple swamp, 270 m west of Longwall 25A
Swamp 141 0.08
on the valley side of Wongawilli Creek
Banksia Thicket. Small simple swamp ~50 m south of Longwall 21 and ~355 m
Swamp 144 0.54
near the valley base of WC20 south west of Longwall 21A
Banksia Thicket. Small simple swamp ~500 m south of Longwall 22 and ~135 m
Swamp 145 0.41
at the headwaters of LC5 south of Longwall 21A
Banksia Thicket. Small simple swamp, 230 m west of Longwall 25A
Swamp 152 0.23 . .
on the valley side of Wongawilli Creek
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Banksia Thicket. Small simple swamp, Directly above Longwall 23
Swamp 153 0.24

near the valley base of WC26

Banksia Thicket. Small simple swamp, Above Longwall 22, adjacent to Longwall 23
Swamp 154 2.01 ) )

occurring on the valley side of LC6 and 205 m south - east of Longwall 24B

Banksia Thicket. Small simple swamp ~210 m east of Longwall 22 and 290 m north
Swamp 155 0.50 .

on the valley side of LC7 east of Longwall 21A

Banksia Thicket. Small simple swamp ~130 m south east of Longwall 22 and
Swamp 156 0.71 on side of ridgeline south of mining partially above Longwall 21A

area

Tea- tree Thicket. Small simple swamp ~335 m south of Longwall 22 and partially
Swamp 157 0.12

near the valley base of LC6 above Longwall 21A

Banksia Thicket. Small simple swamp, Above the coal pillar, 110 m north of Longwall
Swamp 158 0.31 on the valley side of LC5A 23, 340 m east of Longwall 24A and 20 m

west of Longwall 24B
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311 Reference Swamps

The monitoring design is structured around the BACI concept: Before, After , Control and
Impact. Predicted impact areas are compared with control areas and meas urements taken
both before and after an impact event (longwall mining) occurs. Where measurab le
impacts occur, comparisons of before and after data should reveal changes at an impact
site after mining. Reference or controls sites remain unimpacted before and after mining,
where the mining plan evolves and has the potential to impact on a pre vious refe rence
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 site s change in a similar

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

Impacted areas are those within the 400 m risk management zone (RMZ) wh ich are
sensitive to valley closure, uplifts, strains, and fracturin g. 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 site. This allows for
baseline (Before) data to be collected at each potential imp act site. O nce the point of
secondary extraction is located within a RMZ the site is then ref erred to as post -impact but
not yet mined beneath, this allows for the potential of observing any i ndirect impacts that
have been predicted. Given that any observed impacts to natural features becom e most
evident after the natural feature is mined beneath, the date th e site 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 f ollowing criteria:
x Distance from longwalls  — outside 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;
x Natural disturbances (e.g. 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. There ar e some Upland

17



3
Longwalls 24 to 29 Swamp Impact Monitoring, Mangement and Contingency Plan GM
Dendrobium Area 3C

Swamps and creeks that will remain in the RMZ, as they are not plan ned to be mined
beneath.
A table that includes details of swamp monitoring sites (impact and r eference) associated

with Area 3C Swamps is provided in Appendix C.

3.2 Dendrobium Survey Monitoring Program

Survey monitoring techniques will be employed at upland swamps and waterc ourses
throughout the Study Area to measure subsidence movements. Additionally, r egional 3D
Global Navigation Satellite System (GNSS) marks will be placed at strategic positions

throu ghout the Study Area to monitor absolute surface movements.

Pending site access and approval, survey monitoring lines will be established across
watercourses and representative large upland swamps within the 20 mm predicted
subsidence contour. The monitoring lines will target controlling r ockbars and steps.
Additio nally, survey monitoring lines will be installed across the Wongawilli C reek valley to
measure closure (or opening) of the valley. Wongawilli Creek monito ring 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 tr ansects will be related to
a GNSS control network to provide absolute 3D movements in addition to | evel, 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 networ k. Survey closure lines
across the Wongawilli Creek valley will be measured for closure only; nominal accuracy will

be +/ - 5 mm.

Survey monitoring sites will be chosen for suitability and detaile d in the Dendrobium Survey
Monitoring Program, separate to the SMP. Baseline monitoring will be conducted pr ior to

active subsidence.

3.3 Observational and Photo Point Monitoring
The ICHPL Environmental Field Team undertakes structured monitoring assessmen ts
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.

Observations of any surface water and vegetation health for prominent species are

undertaken. Where surface water is present within a swamp or a watercourse t he data
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collected includes water quality parameters (using a monitoring probe) and water levels
from installed benchmarks established at the pool. Observations of any surface flow are

also made during monitoring.

This data is used to compare differences in site conditions of swamps 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 differ ent cl imatic

conditions.

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

monitoring program (as described in this section):
X Monitoring sites:
o Swamp 7 (previously a reference site for Area 3B); and
o Swamps 6,9, 16,140, 141144, 145, 18, 153,154, 155, 156, 157 and 158
X Reference sites:
0 Swamps 22, 24, 25, 33, 84, 85, 86, 87 ,88 and 131

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

relocated to a more suitable site

3.4 Swamp Hydrological Balance

Under natural conditions, uplands swamps store water from rainfall, r unoff, groundwater
and interflow. After rainfall, this water may drain into the underlyin g sandstone if there is a
downward hydraulic gradient, or flow horizontally through the swamp sedi ments or over the
surface to provide downstream flow in the exit stream, or be lost by evapotranspiration.

The water table represents the depth below which the swamp sediment i s saturated. In an
undisturbed swamp where there is significant groundwater input to the sedi ments, the
water table remains close to the swamp surface throughout long dry peri ods. Above t his
depth, in the unsaturated zone near the ground surface, the soil mois ture can vary between
very dry and very wet. In swamps where rainfall is the dominant water so urce, slow recession
of the water table indicates loss by evapotranspiration and outflow to str eams (IEP 2019b).
The IEP (2019b) recommended future swamp monitoring programs should be designed to:
Provide a hydrological balance for representative swamps, sufficient to ident ify any
mining -induced changes in soil moisture and in baseflow down the exit stream; an d to
provide vertical leakage rates as inputs to groundwater models, in order to quantify h  ow
much of the leakage is diverted back into the catchment or else where.

ICHPLhas establish ed flow monitoring gauges on the exit streams of select representative
swamps in Area 3C, including Swamp s 144, 153 and 155. WaterNSW established a site on
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Swamp 7 which is incorporated into the monitoring program. The following details the
suitability of the selected swamps and the progress of installing the gauges:
X Swamp 7 is a large and “complex” valley infill swamp. Note it is the only swamp
considered “complex” in the Longwalls 20 to 23 Study Area. A gauging station (LC5S2)
has been established on the exit stream for Swamp 7. Water chemistry will be

monitored at LC5_S2.

X Swamp 144 is a small and “simple” headwater swamp. A gauging station (WC20S2)

was installed in late 2022 immediately downstream of Swamp 144 to monitor swamp
outflow.

X Swamp 153 is a small and “simple” headwater swamp. A gauging station (WC26S2)
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 — monitoring of outflow at a site further downstream on LC9 was installed
in Q3-2024.

ICHPL sponsored a four - year upland swamp water balance study, conducted by University

of New South Wales Water Research Lab (UNSW WRL), within the Metropo litan Special Area.
Temperate highland peat swamps on sandstone (THPSS) sites were inspec ted via onsite
investigation s to determine if they would be suitable sites for future inves tigations. Sites
were analysed based on proximity to historical, current and futur e longwall extractions,
climatic variability (rainfall, evaporation), access, and physical ¢ haracteristics (e.g ., slope,
shape, size, catchment location, etc.). Field reconnaissance was und ertaken 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
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 referenc e sites 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 accordan ce with the

Dendrobium Swamp Rehabilitation Research Program.
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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 sit es where these
parameters are sampled are indicated as water observation sites.

Water quality is also monitored for analytes including DOC, Na, K, Ca, Mg, Filt. SO4, CI, T. Alk.,
Total Fe, Mn, Al, Filt. Cu, Ni, Zn, Si.Water samples are retrieved from the monitoring sites and
analytes are tested in a laboratory. Monitoring sites where water sam ples are taken for
laboratory testing are indicated as water chemistry sites in Figure 3 - 2 of the WIMMCP .

The key field parameters of DO, pH, EC and ORP for monitoring sites with in Dendrobium Area
3C will be analysed to identify any changes in water quality resulting fr om the mining. Pools
and streams away from mining are monitored to allow for a comparison ag ainst sites not
influenced by mining. Pools will be measured at weekly intervals dur ing active subsidence
and monthly before and following mining. The monitoring of water chemistry provides a
sensitive means of detecting and providing quantitative assessme nt of effects in the early
stages of streambed fracturing or induction of ferruginous spri ngs. Assessment of water
quality data will be supported by geochemical modelling using PHREEQC, where 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 o f the SMP (Watershed
Hydro Geo 2025) which assesses the cumulative impacts of longwalls in Area 3C . Arevised
groundwater monitoring program (HGEO 2025b) has been prepared for Dendrobium , 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 3C to
investigate and monitor the highly connected fracture network above the goaf and the

upwards migration of the phreatic surface.

IEAPM (July, 2024) recommended  construction of a nested (standpipe) monitoring site at a
suitable location (subject to site access) at each of Swamp 7 and Swamp 9 to m onitor

perched groundwater levels in the weathered rock and the regional water table in the
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Hawkesbury Sandstone, for the purpose of improved groundwater model calibr ation, 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 pur pose of
monitoring shallow groundwater beneath Swamp 7. The monitoring bore contain s 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.

ICHPL will replace monitoring bore S2208 after the extraction of Longwall 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 San dstone.

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) which is | ocated
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 sh eared 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/post - mining monitoring
hole under or near Swamp 9. Utilising the nearby existing borehole will avoid disturbance of
the swamp vegetation necessary to construct such a borehole and provide a longer

baseline data period

To address the IAPUM’s Recommendation 9 “ a performance measure and indicator related
to mining induced changes to the water table in the shallow groundwate r system any at
newly established standpipe locations ", ICHPL has included the following performance

measure:

X The groundwater level or piezometric head in the groundwater monitor ing 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 S wamp s 7 and 9 are
groundwater monitoring boreholes S2208 and D -GW-24. It is predicted that groundwater
depressurisation 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 pie zometers installed at
different depths within the same borehole, thereby creating a vertical array which can be

used for 3D mapping and analysis of the pore pressure regime (IEP 2019a).
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Before and after mining piezometers are routinely installed along th e centreline of longwall
panels to identify the maximum groundwater effects and the height of depres surisation

within the subsidence zone

3.7 Surface Water Flows and Pool Water Levels

Pool water levels in targeted pools within  swamps and associated streams 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 thei r
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, semi - 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).

Water level/flow gauges and data loggers are installed at key stream flow moni toring sites
(see Area 3C WIMMCP for details)

Pool water levels will be generally monitored monthly before and after mi ning and on a
weekly basis during active subsidence. This data is used to compare dif ferences in pool

water levels within swamps and associated streams before and after min ing.

3.7.1 Significant Pools within Swamps

Pools within the Area 3C Study Area are mapped on Figure 34 — Geomorphology . Significant
permanent pools are considered to be any basal rockbar - controlled permanent pool
greater than 6 m long and 4 m wide, as defined within the Area 3B SIMMCP (South32, 2 020).
Analysis undertaken for stream features over Area 3C has identifie d no pools matching this

criteria within or directly adjacent to swamps.

There are four small pools identified within the Swamp 7 mapped bo undary. These have
been classified as not significant due to their small size and/or becau se they do not hold

consistent water levels during dry periods.
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Monitoring using installed benchmarks of LC9_Pool 38 in Swamp 16 and the larger two
Swamp 7 pools, LC5_Pool 13 and LC5_Pool 12 are being undertaken as part of the Ar ea 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 bedroc k base of any significant
permanent pool or controlling rockbar. Performance against this measure wi Il be based on
fracturing of the rockbar base of any significant permanent pool or cont rolling rockbar
within the swamp resulting in a dry pool. TARP actions include provision for as sessing if
remediation is warranted and feasible to prevent changes to ecosys tem functionality. 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 Cree k, Donalds Castle

Creek and directly into Lake Cordeaux.

Monitoring of shallow groundwater levels allows for the indirect me asurement of water
storage and transmission parameters within the saturated part of hill - slope/upland swamp
complexes. Shallow groundwater piezometers have been install ed in several swamps in
Area 3C including Swamps 7, 9, 16, 144, 145, 153, 154, 156 and 15Figure 3-1). ICHPL proposed
to install shallow groundwater piezometers in Swamps 6, 140, 141, 152 to monitor compliance
with the Longwall 21A SMP approval performance measures. No monitoring is pr oposed for
Swamp 89 given its distance from the longwalls in Area 3C. Within Area 3C , 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 aquifers before and after
mining. Reference sites are monitored to provide a comparison of si tes mined under and

not mined under during differen t climatic conditions

The piezometric monitoring directed at shallow groundwater leve Is 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 recor d (Figure 3-1).

The shallow groundwater piezometers and soil moisture probe data is compared wit h the
Cumulative Monthly Rainfall Residuals (a key parameter for interpreti ng temporal soil and
shallow groundwater data). Comparisons of the Cumulative Monthly Rainfal | Residu als
against mean monthly water heads in shallow groundwater piezometers and soil moisture
profiles will take into account the known distribution of rainfall i sohyets (contours of equal
annual precipitation) in the local region (these being denser and less smooth closer to the

lllawarra Escarpment and much wider proceeding northwest).
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Several rainfall gauges are available for analysis and modelling in Dendrobium 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. The geology
mainly comprises sedimentary sandstones, shales and claystones, wh ich have been

intruded by igneous sills.

The sandstone units vary in thickness from a few metres to as much as 120 m. The major
sandstone units are interbedded with other rocks and, thou gh 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 Are a 3,
including the location of pools and rockbars ( Figure 3-4).

Area 3C is broadly sited on a plateau dissected by a number of relatively deep s ub -
catchments draining either into Cordeaux River via Wongawilli Creek or Donalds 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 Cree k, which is located between
Areas 3A and 3B; and to the west of Area 3C . The headwaters of Wongawilli Creek are
located along a drainage divide separating surface runoff and shallow groundwater outf low

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 is characterised
by low topography, upland swamps and numerous unconfined shallow hillslo pe aquifers.
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 purely 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 ov erlies the Stanwell
Park Claystone; however, there are sections of the headwaters of the se creeks which are

formed within the Hawkesbury Sandstone.
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Three distinct channel types may be recognised in the main channel upl ands, and in the

tributaries of Wongawilli Creek:

x Narrow indistinct channels associated with low sedge/heath type ve getation cover
and a relatively thick sandy riparian soil profile. The streambed consis ts of weathered
bedrock and/or sandy materials. This is the situation in which valley inf ill swamps

may be found.

X Rockbars of variable width which are usually smooth except for minor depre ssions
on joint planes and occasional potholes. These platforms normally grade t 0 a thinly
vegetated sandy soil on both sides and usually exhibit the effects of chemical

deposition of hydrated iron oxides. This deposition ranges from a slight colouration

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 . These

channels are usually bounded by solid rock outcrop.

A number of semi - permanent pools may be found within the channels of these drainage
lines and creeks. The mechanisms of pool stability are variable and un iquely depend on

local stratigraphy, structure and gradient. Pools range from:

X Water accumulations in depression of an impermeable bedrock shelf (an alogous 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 stabil ity.

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 upstr eam or laterally) and

water out (flowing down the phreatic surface).

Most bedrock pools and riffle complexes rely on equilibrium bet ween excess water in
compared to water out. If the water inflow is less than the outflow, the n the pool water level
declines. The nature of this equilibrium is ultimately dependent on the posit ion of the pool
on the overall stream gradient. Many pools in the streams naturally devel op 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 perm anent pools

3.10 Slopes and Gradients

Slopes within Area 3C have been mapped according to their gradients and are identi fied on

Drawing No. 1429- 08 in MSEC (2025). Monitoring of landscape features such as slopes and
swamps will be undertaken in Area 3C, see Area 3C WIMMCP.
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Monitoring of steep slopes allows for the measurement of any changes to the surface

including soil cracking, erosion and/or sedimentation impacts result ing 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 war rant follow -

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

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

wider area around the monitoring site is subject to inspection duri ng monitoring events.

Observations on landform and land surface at the monitoring sites are record ed 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 t he Landform
section of the Field Handbook. The landform element has generally been 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 accordanc e with the Land
Surface section of the Field Handbook. The land surface ha s generally 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.
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Not all attributes for Landform Element and Land Surface referred to in t he Field Handbook
are recorded for each monitoring site. The previous monitoring expe rience for Areas 1, 2, 3A
and 3B indicate that many of the attributes are of little importance to subsidence, 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 i s monitored to

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

For each watercourse monitoring site (including those associated wit h swamps), a range of
measurements and observations of the watercourse characteristics ar e recorded along
with established photo points. Measurements and observations incorporate t he relev ant
parts of the Field Handbook, and relevant parts of the Riparian - Channel - Environmental

Assessment (RCE) methodology (Petersen 1992).

While in most cases, impacts on steep slopes are likely to be res tricted to surface cracks,
there remains a low probability of large - scale downslope movements. Steep slopes,
including those occurring within the proximity of swamps, are theref ore monitored
throughout the mining period and until any necessary rehabilitation is ¢ omplete. Slopes and
gradients are monitored prior to mining as well as monthly during activ e subsidence during
mining. The monitoring is undertaken at six -monthly intervals for two yea rs 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 fl ows. This results i n
potential flow on effects to slope stability and erosion from any cracking res ulting from

subsidence (Ecoengineers 2012).

Studies undertaken by Earth Tech (2005) identified that if sh ear 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 h igher ord er streams.
Tomkins and Humphrey (2006) concluded that the occurrence of wildfir es can also lead to
erosion of swamps. Landscape monitoring of slopes and swamps will be undertake nin Area

3C to identify any erosion of the surface.

The types of erosion which could manifest within swamps are sh eet, rill, 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 magnitud e of any erosion
identified in swamps in the mining area will be compared to any erosi on away from the
mining area. In the event of a bushfire any comparison between mining area an d reference
swamps will take into account the increased potential for erosion fol lowing a fire.
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Due to terrain, vegetation and access restrictions, the primary m ethod of identifying any
gully erosion over Area 3C will be Airborne Laser Scanning (ALS). Th is technique has proven
to be successful in generating topographic models of subsidence over entir e longwalls and
mining domains and will also provide identification of any gully erosion developi ng 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 verification base
survey will be conducted prior to the commencement of mining of t he proposed longwall.
Subsidence landscape models using the same methodology after the com pletion of
subsidence at the longwall will provide a new (subsided) baseline surface dataset . Fora
period of up to ten years after mining repeat ALS datasets and surf ace modelling will be
completed to identify new or increases in existing erosion. Eros ion will be quantified by
comparison of the immediate post subsidence landscape model with the | ong - term
monitoring model. Targeted ALS scans will be completed where ero sion is observed via the
observational and landscape monitoring programs or after significant events such as

bushfire and flooding.

The nominal accuracy of ALS derived subsidence contours is in the ord erof +/ - 0.10 m and
effective algorithms have been developed to allow the use of gro und strike data only within
the assessment. This effectively allows the analysis to see through vegeta tion to the ground
surface.

General observational inspections of swamps will be undertaken at regu lar 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, vegetati on condition
changes, and slope and gradient changes. The observational monitoring program wi Il also
include specific attention to the condition of controlling rockbar s and will incorporate both

impact and reference sites

3.12 Flora and Fauna
Terrestrial flora and vegetation communities in the Study Area are described in

x Dendrobium Area 3C Longwall s 24 to 29 Terrestrial Ecological Assessment (Niche
2025);

x Dendrobium Area 3C Longwall 21ATerrestrial Ecological Assessment (Niche 2023b)

x Dendrobium Area 3C Longwalls 22 and 23 Terrestrial Ecological Assessme nt (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 Cr eek.
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Annual Reporting (Biosis 2016, 2017, 2018, 2019 and 2020 , Niche 2021, 2022, 2023 and 2024 )

documents the ecological monitoring program undertaken within Dendrobium Ar eas 2, 3A,
3B and 3C . Subsidence related impacts following mining in these areas include 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 subsidence is
being implemented in the Area 3C Study Area. As recommended by the IEP (2019a), the
monitoring program is based on a BACI design, as implemented in Area 3B, with sampling
undertaken at impact and control locations prior to the commencement of e xtraction,
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 bee n any change in life
stage detection pre - post impact, or between the control (reference sites) and impact sites.
Identification of habitat loss due to mining induced change (e.g. pool wate r loss due to

bedrock fracturing, or flocculant) is also completed to identify 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 b aseline 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 to tal area of
coverage;

X Aquatic macroinvertebrates using the Australian River Assessme nt System
(AUSRIVAS) sampling protocol and artificial aquatic macroinvertebrate c ollectors;

x Fish presence and numbers using backpack electro fisher and/or baited t raps;

x Presence of threatened species (including Macquarie perch, Litt lejohn's Tree Frog,

Giant Burrowing Frog, Adams Emerald Dragonfly, Giant Dragonfly and Sydney Hawk
Dragonfly) ; and

x Frog monitoring —frog surveys using standardised transects focussing on Littlejohn’s

Tree Frog and Giant Burrowing Frog

Figure 3 - 8 of the WIMMCP shows the location of aquatic ecology monitoring which includes
indicators of aquatic ecology: aquatic habitat, In situ water quality, aqu atic macrophytes,
aguatic 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 monito ring programs.
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Locations where significant changes have been observed (e.g. drai nage of pools) 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, %3, 154, 155, 156, 15and 158
(Terrestrial Ecological Assessment, Niche 2019,2023b and 2025 ).

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

lack of previous mining near them.

The detailed mapping included the use of LIDAR data to indicate the loc ation and extent of
upland swamp boundaries followed by ground - truthing of these boundaries and the

vegetation sub - communities. LiDAR surveys are captured following completion of each

longwall.
This mapping will allow for detailed comparison of the size of upland s wamps 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, 16, 140, 1 41, 144,18, B3, 154,
155, 156, 157and 158 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 -c ommunities 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 — Composition and Distribution of Species

Spring flora (transect) monitoring of species richness and species composition within
identified swamps is undertaken as part of the program. 15 m transects co nsisting of thirty

0.5 m x 0.5 m quadrats have been established in Swamps 7 and 16 in Area 3C.

Control (reference) sites have been established at Gallaghers Creek 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 (inclusive of threatened flora species
such as Pultenaea elusa (elusive bush-pea) and Prasophyllum fuscum  (slaty leek
orchid) ;

x Observations of dieback or changes in community structure;

x Photo point monitoring at each transect.
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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 mon itoring.

The selection of monitoring sites has been determined by specialist s in the ecology of
upland swamps based on a multicriteria analysis. Criteria used t 0 determine locations
include:

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

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

those hypothesised to be most susceptible to changes in groundwat er;
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 expected to
undergo the greatest change. Teatree Thickets and Cyperoid Heath are consider ed to be
more susceptible to change given their dependency on groundwater, follow ed by

Sedgeland , Restoid Heath and finally Banksia Thicket.

Data will be analysed according to the BACI design applied in the existi ng ecological
monitoring program. The analysis provides a statistical comparison of impac t and control
sites with the aim to identify, understand and manage any mining impacts through the
implementation of a quantitative assessment against the relevant T ARPs. Exploratory data
analysis is conducted by creating boxplots of TSR at all swamps over the p eriod of
monitoring to determine any visually detectable yearly trend in TSR bet ween swamp types
(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 undertak en 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 impact. Where
applicable, a BACI style analysis is completed, whereby differenc es in group means before
impact between the control and impact swamps, and after impact, are tested to explore
whether they are different from zero (0). If only a single year of before - impact 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 explor e whether they were

different from 0.

A model - based approach is used when dealing with the complex multivariate specie S
assemblage data. Multivariate presence - absence models are fitted using the ‘manyglm’
function in the ‘mvabund’ package in program R. These models fit multiple pr esence -

absenc e models to each detected species, correcting for the correlation be tween species
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(thus violating an assumption of standard Generalised Linear Models (GLM s) using
generalized estimating equations (GEES). Analysis of variance (AN OVA) are used to formally
test the significance of explanatory variables (i.e., ‘Mining Statu s'). Separate mod els are
fitted to data collected at each swamp. If ‘Mining Status’ is found t 0 be statistically
significant, univariate tests are completed to determine which species were driving the

change in flora community composition.

A complete analysis is undertaken across the entire historical da taset. Data are subset into
two - consecutive year periods and analysed within a multivariate framewo rk to determine
if species composition differed between the two -year period after impact, co mpared to
species composition prior to impact. For example, if a swamp was impac ted in 2013, species
composition in 2013 and 2014 at the impact swamp is compared to the speci es composition
prior to the impact. This is then repeated for 2014 - 2015, 2015 2016, 2017 2018, 2018 2019, 2019
2020, 2020 - 2021, 20212022 and onwards. Three - and four -yearly comparisons are also
undertaken.
Flora transect monitoring has not been recommended for additional swamps in DA3C as:
X The remaining swamps are much smaller. The average size o f DA3C impact
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 monitoring
only in the current program (Niche 2025).

x  Given the relatively small size there may be difficulty, and there m ay be limited data
utility , in establishing flora transects in close proximity to one another (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 reliant
subcommunities Sedgeland Heath and Tea - tree Thicket, towards Banksia Thicket or
possibly fringing eucalypt woodland (indicating a transition that favours | ess 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, 153,154, 155, 156157
and 158 comparative species richness between subcommunities has not bee n completed
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 Sedgeland Heath,
which tend to have a more species rich and variable assemblage present. G iven 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
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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 cha nge in groundcover

representation present. This suggests that short term change in ground cover

representation (species composition) along these transects may be sensitive to other
effects than groundwater change. Field teams have also reported some observations of
ground cov er 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, 141, 144, 145 152,
153,154, 155, 156157 and 158) 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

drier 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 current monitoring
program and impacts would be more difficult to detect. Furthermore, tr ansects established

in thickets tend to feature lower levels of species richness which is likely to also reduce the

sensitivity of this analysis to detec t change.

ICHPL has established shallow groundwater piezometers with paired soil moisture probes i n
Swamps 7 (three sites), 9 (two sites), 16 (two sites), 144, 145,153,154, 155, 156and 157. ICHPL
will establish shallow groundwater piezometers in Swamps 6, 140, 141152and 158 (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 t he ecosystem (IEP, 2018).
Given the lack of suitable baseline floristic data outlined above, t he performance measure
“minor change to the composition or distribution of species within the swa mp " will be
assessed via changes in the shallow groundwater levels in the swamps i.e. the TARP and

assessment for ecosystem function hydrology will be applied.

3.12.3 Fauna

Seven - part tests concluded that the Area 3C mining operations would likely cause a
significant impact to local populations of Littlejohn’s Tree Frog, Giant Burrowing Frog, Red -

crowned Toadlet, Stuttering Frog (  Mixophyes balbus ) and Giant Dragonfly ( Petalura

gigantean ) (Biosis 2007). The possible mechanisms of subsidence and physica | effects of
subsidence were determined to have a direct impact on known and potential ha bitat for
the threatened fauna, which included waterways, upland swamps, riparian vegetati on,

ridge lines and rock overhangs.

In consideration of the possible presence of threatened macroinvert ebrate species within
the SMP Area, all dragonfly larvae collected in invertebrate samplin g will be identified to the

taxonomic level of family. Any individuals of the genus Petalura, A ustr ocorduliidae and
Gomphomacromiidae will be further identified to species level if p ossible, and if there is
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uncertainty, specimens will be referred to a specialist taxonomist . The confirmed presence
of a threatened species will trigger further investigation into the species 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 Dendrobium Area
3C. These repeatable surveys enable direct comparison of the numbers of i ndividuals
recorded at each site from one year to the next. The sites have b een established within
creeks associated with and/or downstream of swamps. Sites have been established on LC5
LC6, LC7, WC13 WC20, WC24 and WC26 in Area 3C . Additional sites will be establ  ished on LC4,
LC5A, CR36, CR38 and a targeted section of Wongawilli Creek (Figure 3-5).

Along each transect the monitoring includes: counts of frogs, an assessment of pools being
used for breeding as well as counts of tadpoles and egg masses. This will ena ble a
quantitative as well as qualitative assessment of breeding habitat for t hese speci es 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 finds in the
monitoring program. As part of the threatened frog species monitoring, potent ial breeding

habitat for Littlejohn’s Tree Frog and Giant Burrowing Frog are targeted

Niche (202 5) found populations of Littlejohn's Tree frog and Giant Burrowing Frog duri ng
recent surveys in Area 3C . Results from these surveys are presented in the Dendrobium

Annual Terrestrial Ecology Monitoring Program.

Observations of the sites, photo points and pool water level data will a Iso be collected as
part of the frog and observational monitoring programs. Locations where si gnificant
changes have been observed (e.g. drainage of pools) will be mapped, docume nted a nd

reported.

Detection surveys for Giant dragonfly are undertaken during the summer emergence 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 Mi ne on
populations of Littlejohns Treefrog and Giant Dragonfly as part of the Dendrobium Mine

Swamp Rehabilitation Research Program

3.13 Ecosystem Functionality
The upland swamps in the Study Area fit the description of Coastal Upland S wamps in the
Sydney Basin Bioregion, which has been listed as an EEC under the BC Act (Niche 20 20; Niche

2022). Specifically, the Banksia Thicket, Tea -tree Thicket and Sedgeland - heath Complex are
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considered part of the Coastal Upland Swamp EEC as defined by the NSW Scientif ic

Committee’s 2012 determination.

At the Agency Consultation Workshop 27 May 2013 there was discussi on about the definition
of ‘ecosystem functionality’ in relation to subsidence impact pe rformance measures for
swamps. The term ‘ecosystem functionality’ is included in Table 1 of Condition 13of the SMP

Approval. The term is not included in the definitions of the App roval.

At the workshop it was stated that CPHRdisagrees with the definition of ecosystem function
included in the Plans as they consider it is too simplistic and does not co ver shallow
groundwater levels.  DPHI advised the intent of the performance measure relating 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 ICHPLto 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 proporti on of Banksia Thicket,
Tea-tree Thicket and Sedgeland - heath Complex within the monitored swamps resulting
from mining . However, recent advice from the Panel (2023) concludes that th e definition of
“ecosystem functionality” warrants updating. The Panel considers the d efinition used in
previous SIMMCPs to be “ outdated and inadequate and should be revised to accommodate

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

dependent ecosystems.

This SIMMCP includes a broader definition of ecosystem functionality as recommended by

the Panel. In addition to the size of groundwater dependent communities within a swamp,
ecosystem functionality for specified swamps in Area 3C is measured by Area 3C mining
induced hydrolo gical changes (shallow groundwater) that results in piezometer r emaining
dry and not recovering following 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 T ARP 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
monitoring results, an assessment of compliance with performance measur es, an
assessment of exceedances of predictions and any level 2 or 3 TARP trigge rs, actions 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 Eo P Report.
These reports detail the outcomes of monitoring undertaken; provide results of vi sual
inspections and determine whether performance indicators have been ex ceeded.
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Monitoring results will be reviewed monthly by the ICHPL Subsidence Management
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.

A summary of m onitoring results are included in the Annual Review as requirement under
Condition 5, Schedule 8 in accordance with the Dendrobium Developmen t 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 157are included within Condition 7, Schedule 3 of the Area 3C  Longwall 21A SMP
Approval. Under the requirements of this approval and the Dendrobium Deve lopment
Consent, these performance measures must be applied to the extracti on of Longwalls 21 ,
21A,22 and 23 . ICHPL proposes to include performance measures for Swamps 153 and 158

for the Longwalls 24 -29 SMP.

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

4.1 Impact Mechanisms

Subsidence is an unavoidable consequence of longwall mining and includes ve rtical and

horizontal movement of the land surface. Subsidence effects inclu de surface and sub -
surface cracking, buckling, dilation and tilting. These effects can r esult in changes to the

hydrology of watercourses.

Changes to watercourse hydrology and water quality can result in environm ental
consequences. The likelihood and timing of these consequences relate to the size and
duration of the effect. The potential consequences of mining on groundwater and surface

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

- The creation of an excavation below the water table can affect groundwat erina
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 surrounding
groundwater flows. The rate of flow and observed extent of depressurisation
depend on the hydrogeological properties of the rock mass. If the exc avated
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 | oss of flow from a
surface water is likely  to return to the system at some point downstream, which
based on observations of the SCI (2008) may vary from 20 m for specific rockbars

to more than 200 m.
X Surface water permanent losses

- Diversions into deeper, dilated shear surfaces on bedding pl anes, where 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).
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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 from

overlying strata (Hydrosimulations 2018).
X Water quality

- Water quality within watercourses is affected by numerous factors including
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 eros ive

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 on swam ps, surface
flows and storages is presented in Table 4-1.
Table 4-1 Summary of subsidence effects, impacts and consequences for su rface 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
compressive or shear . storage through leakage
X Lowered water tables and soil
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 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 lying immediately
above the caved zone, which have sagged downwards and consequently suffered

significant bending, fracturing, joint opening and bed separation (Sing h and Kendorski, 1981;
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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. Wher e the panel
width -to - depth ratio is low, and where the depth of cover is high, the fractur e zone would

not extend from the seam to the surface.

The possible height of the fracture zone above the longwall panel is dependent upon the
angle of break, the width of the panel, the thickness of seam extracted and the spanning
capacity of a competent stratum at the top of the fracture zone (MSEC 2 012). Based on
mining geometry, the height of the fracture zone equals th e panel width, 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 fr acturing and height of
desaturation. A review of these matters was conducted for the Bulli Se am Operations Project

Response to PAC deliberations (Hebblewhite 2010).

The Regional Groundwater Models at Dendrobium uses site specific da ta to determine the
height of desaturation. Dendrobium monitors in excess of 1,000 pi ezometers in ~100
boreholes (including a comprehensive array of piezometers above the centreline of

long wall goafs) and has analysed many thousands of samples for field parameters,

laboratory analysis, algae and isotopes.

The results of water analysis and the interpretation of the height of connective fracturing
was peer reviewed by Parson Brinckerhoff (2012). The peer r eview states that "the use of
standard hydrogeochemical tools clearly demonstrated the geochemical differ ence
between water from the Wongawilli Coal Seam and goaf, and the overlying san dstone

formations and surface water from Lake Cordeaux".

Although the report acknowledged limitations of the available data, this re view is based on
one of the most comprehensive datasets available in the Southern Coalfiel d. On the basis
of the available data and the Parson Brinckerhoff (2012) review it is co nsidered that the
height of desaturation used by Heritage Computing (2009 & 2011) is co nservative.

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 a ppropriateness of

the water chemistry data.

x Evaluate associated interpretations in relation to underground operat ions of
Dendrobium Mine, with specific focus on how these address the question of hy draulic

connectivity between the mined areas and the reservoirs.

Based on the review SRK concluded that the observed geochemical t rends are not
consistent with a high degree of hydraulic connectivity between the underground workings

and the surface water bodies.
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As reported in Coffey (2012) most of the change in aquifer properties oc curs within the

collapsed zone.

Changes in aquifer properties above the collapsed zone are less severe and lar gely
restricted to increases in storativity. Groundwater drawdown due to s udden storativity
increases will ultimately impact the surface, either directly (as see page from waterco urses

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

Predictions of fracture zone dimensions above longwall panels for Dendr obium (MSEC 2012
and Coffey 2012) refer to geotechnical fracturing behaviour and are not necessarily directly
related to a groundwater response resulting from increased vertical per meability.

Parson Brinckerhoff and  ICHPLhave 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 guantify the change
to vertical and  horizontal permeability of the strata, including the Bulgo an d Hawkesbury
Sandstones and the Bald Hill Claystone. The testing involved core, pac ker and borehole

interference testing, groundwater flow and tracer testing.

Mining of Longwall 9 resulted in a significant increase in subsurface fracturing compared
with pre - mining. Down - hole camera surveys identified a humber of open horizontal and
inclined fractures with apertures of several centimetres. Gr oundwater ingress was  noted at

several open fractures.

Most post - mining test bores showed decreases in groundwater level and strong downw ard
hydraulic gradients, particularly in the lower Bulgo Sandstone. Signific antly however,
groundwater levels in the shallow Hawkesbury Sandstone remained pe rched at the stud vy
site.

Horizontal hydraulic conductivity increased between one to thre e orders of magnitude due

to mine subsidence and strata fracturing. Increases in hydrauli ¢ conductivity are observed

in every geological unit but are greatest below the base of the Hawkesbury Sandstone.

In contrast to pre - mining testing in which no breakthrough was observed, horizontal tracer

testing after the passage of Longwall 9 resulted in breakthrough in about 40 minutes. This
indicates a bulk hydraulic conductivity in the order of 10 m/day; at least 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 ap proximate ly 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 preferen tial flow paths either

existing or induced between the research site and adjacent streams.
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Sampling of water from the underground mine detected no breakthrough of trace r and
therefore there is no evidence of preferential flow paths induced be tween 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 case), most
evidence suggests that the zone of most intense and vertically co nnected fracturin g 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 estimates is large and presents
a challenge to those wishing to model hydrogeological impacts of mini ng on a regional

scale based on mine site data.

The pre- and post - mining investigations carried out in this research study provide
important constraints on the extent of mining related disturbance and its effect on

groundwater systems.

In August 2015 HydroSimulations’ completed an assessment of the es timated height of

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 t he deformed

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

X Revised estimates of the height of connected fracturing for Den drobium longwalls
using the Ditton ‘Geology Model’ (Ditton and Merrick, 2014) and the Tamm etta (2013)
method.

The assessment concluded that the Ditton ‘Geology model’, as outli ned in Ditton and Merrick
(2014), is the most appropriate method for estimating the v ertical extent of connected
fracturing above longwalls at Dendrobium. This is supported by the research a bove
Longwall 9 by Parsons Brinkerhoff (2015) and earlier studies by GHD (2007) and Heritage

Computing (2011).

A review of methods for estimating the height of fracturing above longwa Il panels at
Dendrobium Mine was commissioned by DPHI and carried out by geotechnical consultants
Pells Sullivan Meynink (PSM). The PSM report was finalised in June 20 17 and made available
to ICHPLon 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 have already

been acted on.

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

and reiterated its earlier position stated in IEP (2019a):
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The Panel has given detailed consideration to the equations in t he 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 reco mmended e rring on the side

of caution and deferring to the Tammetta equation until:

i. field investigations quantify the height of complete drainage at Metropoli tan and

Dendrobium mines; and/or

il geomechanical modelling of rock fracturing and fluid flow are shown to be
sufficiently reliable for informing the calibration of groundwater m odels at mine sites

in the catchment.

The Regional Groundwater Model for Dendrobium Mine has been rev ised to consider 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 th at regardles s of the
method used to assess fracturing, they believe the current grou ndwater modelling

approach is sound.

In accordance with Schedule 3, Condition 19(c) of the Area 3B SMP Approv al, height of
connective fracturing investigations across longwalls in Area 3B were undertaken and

reported to the Department prior to each longwall extraction. Hebblewh ite (2020) states:

. comments and conclusions are drawn in relation to the overall concept of height of

depressurisation, and the status of predictive models:

X ... mining-induced impacts are occurring above all panels throughout the
overburden sequence, through to, or very close to the surface in all cases. This
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 perched aquifers

at some locations, and at different vertical horizons, but these are not ex tensive.

X On the basis of this evidence, it is reasonable to conclude that the height of
depressurisation is close to, or equal to the total depth of overburd en above 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, alb eit with a reduced
strata fracture density above the mined panels. It is likely th at a more significant
panel width reduction and or mining height reduction would be necessary to ca use
a significant reduction in height of depressurisation in this particular mini ng region.

x The lack of significant differential in height of depressurisation with t he reduced

panel widths means that the range of the dataset available to assist with
developing an improved prediction model remains inconsistent, and insuffic ient to

enable any furth er model development based on empirical methods.
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X There is strong evidence at all locations of significant depressur isation 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 horizon S,

extending towa rds the surface.

X ... the Tammetta model is clearly the most appropriate one to continue u sing in the
future. It provides a reasonably accurate prediction — given the variability of factors

such as depth across any particular panel.

4.3 Potential for Fracturing Beneath the Swamps

Based on the predicted systematic and non - systematic subsidence movements (MSEC,
2025) the bedrock below the swamps and any significant permanent pools within th e
swamps directly above the longwall are likely to fracture as a conseq uence of subsidence
induced strains. The predicted strains decrease where the surf ace is not directly mined

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

Surface flows captured by any surface subsidence fracture netw ork resulting from valley
related movements which do not connect to a deeper aquifer or the mine work ings will re -
emerge further downstream. This prediction is based on an assessment of t he depth of
valley closure induced vertical fracturing from the surface and measurements of water
balance during the modelled periods of recessional, baseflow and sm all storm unit

hydrograph periods downstream of mining areas.

The depth of fracturing in the “surface zone” above a longwall panel is addr essed in the Bulli
Seam Operations Environmental Assessment: Section 5.2.1, Appe ndix A, Appendix B and
Appendix C as well as in the Response to Submissions and Response to the N SW Planning
Assessment Commission. The BSO Independent Peer Review of strat a deformation provided
by Professor Bruce Hebblewhite concurs with the concept of the “s urface zone” fracture
network related to down - slope or valley movements. Several studies have de termined the
depth of these vertical fracture networks are restricted to approximately 15 m to 20 m below

the surface.

The depth and other attributes of the surface fracture zone ha ve been comprehensively

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;
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X Subsidence, extensometer monitoring and shear deformation monitor ing;
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 demonstrate the

dimensions of the “surface fracture zone™:
X Two rockbars on the Waratah Rivulet; and

x Four rockbars on Georges River.

Monitoring from Dendrobium Mine indicates the surface fracture netw ork over the goaf
connects to or is concurrent with the fracture network which propagates fr om the seam to
the surface. In this instance the diversion of surface flow to deep s trata or the mine relates
to vertical permeability increases associated with this fracturin g.

Prior to any remediation works within the Study Area that target surface/shallow fracture
networks, the depth of the fracturing will be characterised by standard t echniques such as
drilling, down hole cameras and calliper measurements. The hydraulic co nduc tance of
these fracture networks will also be determined prior to impleme nting any rehabilitation.

At reference swamp sites, shallow groundwater levels recovered in 2020, with saturation

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

Swamps that have been mined under commonly display hydrological changes s hortly

following the passage of the longwall beneath the monitoring site.

4.4 Potential for Erosion Within the Swamps
Tilting, cracking, desiccation and/or changes in vegetation health could res ult in
concentration of runoff and erosion which intern could alter water distr ibution in the swamp.
Changes to swamp hydrology can result in environmental consequences. The likelihood
and timing of these consequences relate to the size and duration o f the effect. The possible
impacts of the drying of swamps due to mining - induced changes in hydrology include (IEP
2019b):

x reduction of soil moisture levels and loss of cohesiveness of the swamp sediments

X enhanced risk of channelization and consequent susceptibility to ero sion of swamp

sediments, with potential water quality implications

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

vegetation structure

x decline of groundwater -dependent fauna including macroinvertebrates and

stygofauna
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X oxidation of peaty sediments resulting in increased hydrophobicity, lower water -

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 lead to an increased
susceptibility to erosion and loss of baseflow (NSW Threatened Spe cies Scientific
Committee, 2012).

Subsidence predictions were carried out to assess the potential im pacts of longwall mining
in Area 3C. The assessment indicated that the levels of impact on t he 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 surface features (see
Section 4.3 where hydrological impacts have not been observed at dist ances greater than
120 m) . A summary of the maximum predicted values of subsidence, tilt and str ain at the

swamps is provided in  Section 5.

Where a swamp is directly mined under, tilting of sufficient magnitude 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 es cape from the
swamp margins. These effects could be observ ed within the whole swamp or alter water
distribution in parts of the swamp, thus favouring some flora species assoc iations over

others.

Changes in gradients predicted to occur following mining are dis cussed in Section 5.3.1.
These changes have been considered in relation to the likelihood o f change in drainage line
alignment by MSEC (2021 ,2023 and 2025 ). The assessment s take into account the nature of

the drainage channel and whether the predicted tilt is signifi cant when compared to the

existing slopes.

Landscape monitoring commenced in 2004 for Dendrobium Area 1. This monito ring
program has been continued and updated throughout the mining period f or Areas 2, 3A
and 3B. The monitoring includes inspections of swamps at regular intervals pr ior to mining,
during active subsidence and following the completion of subsidence mov ements. In
addition to erosion (increased incision and/or widening), these observ ations target any
surface cracking, surface water loss, soil moisture changes, v egetation condition change S,

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

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

consistent with those predicted in the assessments undertaken pri or to mining.

In Area 3B, to date there has been no instance of erosion resulting fr om 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 1 4, 154 surface impacts have been identified. Many of these are very

minor impacts and of very limited environmental consequence. For e xample, 91% of the
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cracking identified at the surface has a width of less than 100 mm. To dat e 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 impo rtant
observation of Tomkins and Humphreys (2006) is that in 1951, Swamp 18 was more extensive
and included a continuous, intact swampy unit infilling the valle y of Native Dog Cre ek for
several hundred meters downstream of the main body of the swamp to link wit h Swamp 19.
Furthermore, the gully erosion of the lower extension of the swamp had ¢ ommenced before
1951 and had reached the main body of Swamp 18 by 1990, well before underg round coal

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 case studies demonstrate
that erosion within swamps can be active without any influence of mi ning .

4.5 Potential for Vegetation Changes Within the Swamps

Where there are changes to swamp hydrology that are large a nd persistent there is likely to
be a vegetation response. Swamp vegetation is likely to be relatively r esilient to short term
changes in groundwater level and soil moisture, demonstrated by the pe rsistence 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 medium to longer time
period as the vegetation equilibrates to the new hydrological regim e. Vegetation change
may be observed in the rates of species composition change and/or change S 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 monitor ing data supported by a
substantial body of research has improved understanding of the impacts and
consequences of longwall mining for swamps. The report also established that longwall
mining di rectly under swamps in the Southern Coalfield can result in signif icant changes to
swamp hydrology and redirection of surface runoff which currently appear t o beirreversible.

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 impact son

catchment - scale water supplies.

X When shallow groundwater levels in a swamp decline, soil moisture levels a Iso

decline, with a lag time of weeks or months.

X Quantifying the consequences of changes for flows in exit streams requires 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.
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X Vegetation change assessment does not provide a clear and timely measure of

possible changes in ecosystem functionality of the upland swamps. While ¢ hanges
in methodology, such as using targeted obligate swamp - dependent species (either
plants or animals) may improve assessment, the decadal nature of many chan ges
remains .

4.6 Potential for changes to Ecosystem Function  ality

Recent impact reports for swamps in Dendrobium Area 3 suggested that min ing induced

hydrological changes  within swamps can occur upto 120 m from a longwall panel. The SMP

application for Longwall 19A was referred to the Panel in June 2023 to provide advice
specifically in relation to maintaining the ecosystem functionalit y of Swamp 15a. Primary
conclusions of this advice in relation to eco system functionality  that are relevant to Area 3C
include:

X The definition of ecosystem functionality devised in 2013 and adopted in the Swamp

Impact, Monitoring, Management and Contingency Plan (SIMMCP) for Longwalls 19

and 19A (and some other previous longwalls) neither reflects the univers al definition
of the te rm that has prevailed for at least the last three decades (and, hence, 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 function ality allude to physical
processes, a key aspect of which is the swamp soil hydrology; a parameter that is
not reflected in the definition of ecosystem functionality in th e 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 t o]
the hydrology at any site should be regarded as indicating a change in swam p

ecosystem functionality.

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

it is incomplete and warrants updating.

X In respect to advice presented in the SMP for L ongwall 19 that rapid drawdown to
levels 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
Dendrobium 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 rece nt 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

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

This Swamp Monitoring Program and TARP have been prepared with consideration to the
Panel's advice and includes the addition of mining -induced hydrological changes as a

measure of changes to ecosystem functionality including:
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x Falls in surface or near - surface groundwater levels;
x Falls in soil m oisture levels; and

X Reduced pool water levels.

Reporting trigger levels are included in the TARP to provide a rapid assess ment that indicate
an immediate change that can be reported to key stakeholde rs within a few days of the
identified change. Reporting triggers do not necessarily indicate an exceedance of a

performance measure. Reporting triggers increase in severity fr om Level 1 to 3 and are used

for trigger reporting, response and/or management action.

Performance indicators are quantifiable measures used to assess wheth er 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 an
opportunity to do some relatively simple back analysis of impacts to t hese features over the
long - term. This approach has the disadvantage of a relatively simple e xperimental design
whereby only obvious changes as a resul t of the mining are likely to be identified.

Subsidence predictions for swamps in historic mining areas were rev iewed as part of the
Bulli Seam Project Environmental Assessment (Resource Strategi es 2009).

Field investigations were carried out in these swamps to assess imp acts and consequences

from various levels of back - predicted levels of subsidence movement. This data was used
to inform the assessment of risk of impacts and environmental conse guences for the Bulli

Seam Operation Project. A summary of the review findings is provided be low.

Back predictions have been undertaken for 34 swamps previously subject to s ubsidence in
the Southern Coalfield. The back predictions indicate that six of these swamps would have

been subject to closure values of greater than 200 mm, namely:
X Swamp STC -S4 (221mm predicted closure) at West CIiff;
X Swamp STC - Slc (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 addit ional ten
swamps predicted to have been previously subject to less than 200 mm valley closure were
also inspected. The inspection methods included walking the length of the swamp and
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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 scal e.

It is recognised that there are limitations associated with the as sessment. As stated above,
the assessment is based on back predictions of subsidence effects, a s opposed to observed
(i.e. monitored) subsidence effects. However, these back predictio ns are being compared
with predictions using the same methodology for analysis at Dendro bium, thus ensuring

consistency within the comparative assessment.

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

no evidence of significant environmental consequences was observed.

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

The report identifies any morphological, geological, hydrological an d/or botanical 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 tem poral changes to

these swamp features.

Data is collected with the use of field instruments and through visual ins pections of the
dominant features within each swamp. The monitoring includes locatio n and 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 sedimentation. 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.
A field sheet and plan with defined “Swamp Characteristics” were us ed to collect the data.
Field officers visit each swamp and photograph and record data at various acc essible sites.
Data collection methodologies are consistent with previous swamp in spections. 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 a nd after mining and
under different climatic conditions. Data is also used to outline differences in swamp

conditions due to geological and morphological conditions.
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5 PREDICTED IMPACTSTO UPLAND SWAMPS

Subsidence has the potential to impact swamps overlying the proposed | ongwalls due to
either transient or relatively permanent changes in porosity and perm eability of a swamp
or hillslope aquifer. Underlying sandstone substrate is likely t o fracture as a result of the
maximum predicted differential subsidence movements. The likelihood of these impacts
occurring reduces where mining is setback from surface features (see Section 4.3 where
hydrological impacts have not been observed at distances greater than 1 20 m).

If a swamp overlies a longwall panel it may undergo temporary extensional “fac e line”
cracking (perpendicular to the long axis of the panel) as the pa nel retreats, followed by re -

compression as the maximum subsidence occurs.

In addition, a swamp overlaying the longwall panel may also undergo both longer term
extensional “rib line” cracking (parallel to the long axis of the p anel) along the outer edge

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 ¢ losure and downslope
movements. Many of the swamps are located in the bases of drainage line s and, theref ore,
could experience valley and slope related movements. The predict ed valley related

movements are provided in MSEC (  2025). The maximum valley related movements are

predicted to occur in the bases of the streams within the exten ts of the valley infill sw amps.
The headwater swamps are located partly up the valley sides and, therefore, in these cases
the predicted valley related movements (upsidence and closure) for these swamps are less

than the maxima provided in MSEC ( 2025).

Conventional closures result from sagging curvature; these predicti ons are provided
separately to the valley related closures, as the associated conventi onal strains are
distributed across the longwalls, as opposed to the valley related compres sive 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 f racturing , these would be
visible at the surface where the bedrock is exposed, or where the thick ness of the overlying

sediment is relatively shallow.
In accordance with the findings of the Southern Coalfield Inquiry and t he 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 bucklin g of strata.

x Environmental consequences are then identified, for example, as a loss of surface

water flows and standing pools
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5.1 Description of Upland Swamps Within the Longwalls 24 to 29
Study Area

Three swamps (Swamp s 6, 7 and 153) have been identified wholly or partly above Longwalls

24 to 29. There are four additional swamps (Swamp s 140, 152, 154 and 158) located wholly or
partially within the Study Area based on the 35° angle of draw and a furthe r two swamps
(Swamp s 139 and 141) located wholly or partially within the Study Area based on the 600 m
boundary Table 3-1.

5.2 Subsidence Predictions

A summary of the maximum predicted total vertical subsidence, tilt and cu rvatures for
swamps within 600 m of Longwall s 24 to 29 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 Stu dy Area

due to the extraction of  the approved and proposed longwalls in Area s 3A, 3B and 3C .

Table 5-1: Maximum predicted total vertical subsidence, tilt and curvatures for the
swamps (MSEC, 2025)

REFERENCE MAXIMUM MAXIMUM MAXIMUM MAXIMUM
PREDICTED TOTAL PREDICTED TOTAL PREDICTED TOTAL| PREDICTED TOTAL
VERTICAL TILT (mm/m ) HOGGING SAGGING
SUBSIDENCE CURVATURE (km - | CURVATURE (km -
(mm ) ) )
Swamp 6 2750 18 0.30 0.50
Swamp 7 2500 30 0.80 0.80
Swamp 139 <20 <05 <0.01 <0.01
Swamp 140 <20 <05 <0.01 <0.01
Swamp 141 <20 <05 <0.01 <0.01
Swamp 152 <20 <05 <0.01 <0.01
Swamp 153 1050 11 0.30 0.17
Swamp 154 2600 35 1.0 0.80
Swamp 158 80 1 0.03 0.02
Swamps 6, 7,and 153 are located directly above the mining area . These three swamps are
predicted to experience subsidence effects up to 2 750 mm vertical subsidence, 3 0 mm/m

tilt (i.e. 3. 0%, or 1in33), 0.80 km "1 hogging and sagging curvature s (13 km minimum radius).

Swamp 154 is located partially above the existing L ongwall 22 and adjacent to the approved
Longwall 23 but it is outside the extents of Longwalls 24 to 29 This swamp is predicted to
experience subsidence effects up to 2600 mm vertical subsidence, 35 mm/m tilt (i.e. 3.5%

or 1in 29), 1.0 km hogging curvature (i.e. = minimum radius of curvature of 1.0 km) and 0.8

km - sagging curvature (i.e. minimum radius of curvature of 1.2 km). The predicted
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subsidence effects for Swamp 154 are predominately due to the existing an d approved

Longwalls 22 and 23 rather than the proposed longwalls.

The maximum predicted conventional strains for the swamps locat ed directly above the
mining area (i.e. Swamp s 6, 07, 153 and 154), based on applying a factor of 15 to the
maximum predicted conventional hogging curvatures, are 15 mm/m tensile and 12 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, and 17 mm/m tensile and compressive

based on the 99% confidence levels.

Swamp 158 is located above the coal pillar adjacent to the proposed L ongwall 24B. This
swamp is predicted to experience subsidence effects up to 80 mm vertical subsidence, 1

mm/m tilt (i.e. 0.1% or 1 in 1000), 0.03 km ! hogging curvature (i.e. minimum radius of
curvature of 33 km) and 0.02 km  -!sagging curvature  (i.e. minimum radius of curvature of 50

km).

The maximum predicted conventional strains for Swamp 158, based on appl ying a factor of
15 to the maximum predicted conventional hogging curvatures, are 0.5 mm/m ten sile and

less than 0.5 mm/m  compressive.

The maximum predicted strains outside the mining area are 2 mm/m tensile an d 1 mm/m
compressive based on the 95% confidence levels, and 5 mm/m tensile and 2 mm/m

compressive based on the 99% confidence levels.

The remaining swamps are located outside the mining area, at minimu m distances ranging
between 185 m and 560 m from Longwalls 24 to 29 . These swamps are predicted to
experience vertical subsidence of less than 20 mm due to the mining of Longwalls 24 to 29
While the swamps located outside the mining area could experience low levels of vertical
subsidence, they are not expected to experience measurable conventional tilts, curvatures

or strains.

Swamp s 7 and 153 are located near the bases of the valleys associated with the st reams.
These swamps could experience valley - related effects due to the mining of the proposed
longwalls. The remaining  swamps within the Study Area are located further up the val ley
sides and, therefore, are unlikely to experience upsidence or compressive strain due to

valley closure effects.

A summary of the maximum predicted total upsidence and closure for the swamps within
the Longwall s 24to 29 Study Area is providedin 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

extraction of the approved and proposed longwalls in Area 3C .
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Table 5-2 Maximum predicted total upsidence and closure for the swamps (MSEC, 2025)
Location Maximum predicted total Maximum predicted total
upsidence (mm) closure (mm)

Swamp 7 575 850

Swamp 153 575 850
Swamps 7 ,and 153 are located directly above the proposed longwalls and near the bases
of valleys with equivalent heights ranging between 2 0 mand 60 m. The maximum predicted
compressive strain for the parts of these three swamps located directly above the proposed

mining area is between 10 - 20 mm/m

The remaining swamps are situated on the sides of valleys rather tha n near the base of
valleys. These swamps are not anticipated to experience comp ressive strain due to valley -

related effects.

5.3 Impact Assessment

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

Mining can potentially affect surface water flows through swamps, if the mining -induced

tilts are much  greater than the natural gradients, potentially resulting in in creased levels of

ponding or scouring, or  affecting the distribution of the water within the swamps.

Swamp s 6, 7 and 153 are located directly above the proposed longwalls and Swamp 154 is
located directly above the existing and approved longwalls. The maximum pre dicted tilt for
these swamps is 30 mm/m (i.e. 3.5% or 1 in 29). The natural grades within the swamps ar e

lowest along the streams in the bases of the valleys.

There are predicted reductions in grade along drainage line LC5 and potential reversal in
grade within the  extent of Swamp 7 above the maingate of the L ongwall 24B. There is
potential for minor and localised increased ponding upstream of these locations and wit hin

this swamp due to tilt. The  topographical depressions are predicted to be less than 0.2 m
deep and 75 m long and are localised in the base of the valley. The areas of the swamp
further up the valley sides have higher natural grades and there are n o predicted reductions

in grade away from the valley base.

There are no predicted reductions in grade along drainage line WC2 6 within the extent of
Swamp 153 . Similarly, there are no predicted reversals in grade along the remainin g swamps
in the Study Area, as they are located outside the mining area and th ey are predicted to

experience tilts of lessthan 1.0 mm/m (i.e. less than 0.1% or 1 in 1000). It is unlikely, therefore,
that these swamps would experience adverse changes in the levels of ponding or scouring

based on the predicted vertical subsidence and tilt.
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532 Potential for cracking in Upland Swamps and fracturing of bedrock
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.

Swamps 7 and 153 are located directly above the proposed longwalls and along drai nage
lines LC5 and WCB6, respectively. The maximum predicted compressi ve strain due to the
valley - related effects for the parts of these swamps located directly above the propo sed
mining area is 10 mm/m to 20 mm/m. Away from the valley base, the maximum pre dicted
strains for the parts of these two swamps located directly above the pro posed mining area
are 8 mm/m tensile and compressive based on the 95 % confidenc e levels.

Swamp 6 is also located above the proposed longwalls and Swamp 154 is located abov e
the existing and approved longwalls but they are not situated along drainage | ines. The
maximum predicted strains for these swamps are 8 mm/m tensile and compressive based

on the 95 % confidence levels.

The typical fracture widths in the bedrock beneath Swamps 6, 7, 15 3 and 154 could be similar
to the surface deformations previously observed at Dendrobi um. The soil crack and rock
fracture widths were generally observed to be less than 50 mm (i.e. 75% of the cases).
However, the widths of the surface deformations were between 50 mm and 15 0 mm in 18%
of cases, between 150 mm and 300 mm in 6% of cases and greater than 300 mm in 1% of
cases. Fracturing 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 153 are also predicted to experience up to 575 mm upsidence an d 850 mm
closure. These valley - related effects could result in the dilation of the strata beneath th ese
two swamps. It has been previously observed that the depth of fracturin g and dilation of the
uppermost bedrock, resulting from valley - related effects, is generally in the order of 10 m to

15 m (Mills 2003, Mills 2007, and Mills and Huuskes 2004).

The dilated strata beneath the drainage lines and within Swamps 7 and 153 could result in
the diversion of some surface water flows beneath parts of the se swamps. The drainage
lines upstream of these swamps flow during and shortly after rainfall events. Wh ere there is
no connective fracturing to any deeper storage, it is likely that s urface water flows will re -
emerge at the limits of fracturing and dilation. Swamp 158 is located above the coal pillar
and is 20 m west of Longwall 24B. Fracturing could occur in the bedrock be neath this swamp
with widths typically up to 20 mm but with isolated fracturing up to 50 m m.

The remaining swamps are located outside the mining area at minimum di stances ranging
between 185 m and 560 m from the Longwalls 24 to 29. These swam ps are also located
away from the valley bases. Fracturing is not anticipated beneath Swamps 139, 14 0, 141and

152 due to their distances outside the mining area.
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533 Potential changes to Upland Swamp Hydrology
Swamps that have been mined beneath commonly display hydrological change s shortly
following the passage of the longwall beneath the monitoring site. H ydrographs of

piezometers at affected locations may show one or more of the following
X A decrease in the average shallow groundwater elevation rela tive to baseline.

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

significant rainfall event relative to baseline and reference swamp sites.

x A change in the shape of saturation peak and recession curves (includ ing an
increase in recession rate) following significant rainfall ev ents, relative to baseline
and reference sites.

The hydrological changes are most likely due to the development of su rface fracturing and
bedding plane openings in the sandstone substrate of the swamp and/or a ro ckbar 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 t he sandstone substrate. Where
the hydraulic gradient is downwards (into the sandstone, which is common) then the
fracturing will lead to greater flows of water from the swamp and a decli ne in average
swamp groundwater levels. It is not yet known whether the hydrological ¢ haracteristics
recover to some degree as fractures are filled with fine sediment s and on -going mo nitoring

is required to assess longer  -term impacts HGEO (2024).
Drying of upland swamps can result in further impacts, including:
X reduction of soil moisture levels and loss of cohesiveness of the swamp sediments.

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

vegetation structure.

x decline of groundwater -dependent fauna including macroinvertebrates and

stygofauna.

X oxidation of peaty sediments resulting in increased hydrophobicity, | ower water

holding capacity, potential changes in nutrient cycling, and changes in water quality
X increased risk of channelization and gully erosion.
x reduced resilience to bushfires.

A systematic review of Upland Swamp impacts in the Dendrobium Mine ar ea was

undertaken by Watershed Hydrogeo in 2019, updated in 2021 and more recently in 2024 . The

assessment identified shallow groundwater piezometers exhibiting evidence of impacts
from previous mining (based on any of the above criteria) and derived an empirical
relationship between the distance from an extracted longwall and the propor tion of

impacted piezometers within that distance.
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The study found that almost all shallow piezometers (97%) that are dire ctly mined under by
longwalls extracted in Dendrobium Area 3A and 3B show responses to mining. Fo r shallow
swamp piezometers  located outside the longwall footprint, the proportion of piezome ters

impacted decreases with distance from the longwall margin:

x Between 1 and 75 m from the longwall margin: 86 — 92% of piezometers show

evidence of impact.

x Between 75 - 120 m from the longwall margin: 40% of piezometers show evidence of
impact.
x Beyond 120 m from the longwall margin: No piezometers show evidence of impa ct.
Furthermore, the analysis found that the severity of the impac t response, in terms of the

effect on recession rate and period saturation, generally deceased with dis tance from the

longwall margin. The  study found no clear evidence that the distance relationship differed

for piezometers located adjacent to the long edge versus the short edge of a longwall.
Observations at the Springvale Mine in the Western Coalfield show t hat hydrological
impacts can occur in swamps overlying connected geological struct ures (faults or other
lineaments) at distances greater than 1200 m from the longwall ( Galvin et al.,, 2016). The
same effect has not been observed at Dendrobium. Studies have identified no ano malous
subsidence specifically related to mapped lineaments (MSEC , 2019; SRK, 2020; Watershed
HydroGeo, 2024). Nevertheless, it is prudent to consider the po ssibilit y of di stant impacts
where swamps overlie mapped lineaments that intersect the mine footpri nt, noting that
there are no known or inferred faults that intersect the Longwall 24 s to 29 footprint and

mapped swamps outside the Study Area.

The locations of mapped swamp vegetation communities relative to the pla nned longwall s
are shown in Figure 4 of Niche ( 2025). Swamps located within 600 m of the planned
longwall s are listed in Table 5 -3, with a qualitative assessment of the likelihood that the
shallow groundwater regime will be affected by subsidence related groun d movements
associated with Area 3C longwalls . The likelihood is based on observations at swamps in

Area 3B during and after longwall extraction (e.g. HGEO, 20 25; Watershed Hydrogeo, 20 25)

and predictions of subsidence related to longwall extraction and other ground mov ement
related to valley closure (MSEC 202  5).

Table 5-3 Summary of predicted impacts to upland swamps (HGEO, 2025)
SWAMP TOTAL UPLAND SWAMP LIKELIHOOD OF SHALLOW GROUNDWATER
SWAMP VEGETATION EFFECTS
AREA (Ha) COMMUNITIES
Swamp 6 0.92 Banksia Thicket Likely impact from L ongwalls 24 to 29.
Swamp 7 5.09 Banksia Thicket, Tea Likely impacts from  Longwalls 24 to 29. Likely
Tree Thicket impacts from L ongwall 23.
Swamp 139 0.26 Banksia Thicket Unlikely
Swamp 140 0.55 Banksia Thicket Unlikely.
Swamp 141 0.08 Banksia Thicket Unlikely.
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TOTAL UPLAND SWAMP LIKELIHOOD OF SHALLOW GROUNDWATER
SWAMP VEGETATION EFFECTS
AREA (Ha) COMMUNITIES

Swamp 152 0.23 Banksia Thicket Unlikely.

Swamp 153 0.24 Banksia Thicket Likely impact from L ongwalls 24 to 29 .

Swamp 154 2.01 Banksia Thicket Unlikely impact from L ongwalls 24 to 29. Likely

impacts from Longwalls 22 and 23.
Swamp 15 8 0.31 Tea Tree Thicket Likely impact from L ongwalls 24 to 29.

It is noted that Condition 7, Schedule 3 of the Area 3C SMP Approval allows performance
measures for swamps and watercourses to be met “either by avoidance, mitigation,
remediation or offset.” Should the performance measure of ‘min or’ change be exceeded,
remediation or other appropriate actions will be determined and implem ented in
consultation with key agencies, and where remediation is not feasib le, a suitable biodiversity

offset would be provided.

5.34 Potential impacts on Upland Swamp Ecology

Vegetation communities which are not dependent on groundwater are unlik ely to be

impacted by subsidence due to underground mining.

Groundwater dependant and riparian vegetation may experience some florist ic changes in

response to changed groundwater conditions, because of subsidence.

Riparian vegetation is generally not mapped as discrete veget ation communities, rather
these areas display  structural and floristic variation within their composite commu nity in
response to more frequent contact with shallow groundwater. Riparian vegetation may be

potentially impacted by subsidence through water diversion or cracking of bedrock.

In the Southern Coalfield, observed impacts to riparian vegetation as a result of subsidence
are minor in  occurrence. Furthermore, limited impacts to riparian vegetation h ave been
observed in Dendrobium Mine (Biosis 2016). Previous examples of impacts include dieback

of riparian vegetation as a result of methane releases, which occurred nearby in Cataract
River during the 1990s, and small localised changes to riparian vegetati on along a section
of the Waratah Rivulet.

Impacts to riparian vegetation associated with the proposal are predicted to be minor in

occurrence, being localised if they occurred (Niche 2021a, 2023b and 2025) .

An assessment of the potential ecological impacts of subsidence on upl and swamp s was
completed by Niche  (Niche 2021a, 2023b and 2025 ).

5341 Potential Impacts to Threatened Flora

Sixteen threatened flora species have been determined to have a moderate to high
likelihood of occurring within the Study Area . However, a limited nhumber have potential
habitat likely to be impacted by subsidence (Niche 2021a, 2023b and 2025 ).
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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 subsidence.
Each of these species has potential habitat within upland swamps or cree k vegetation
communities, however none of these species are reliant on such habit at and occur

throughout a range of other habitats within the Study Area

5.34.2 Potential Impacts to Fauna

Subsidence may have a direct impact on known and potential habitat for threa tened fauna
such as watercourses, upland swamps, riparian vegetation, rock overh angs, 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 impa cted by subsidence.
Microhabitat features such as tree hollows and exfoliating bark are also unlikely to be

impacted (Niche 2021a , 2023b and 2025 ).

5.3.4.3 Potential Impacts to Threatened Fauna

Eighty - one threatened fauna were considered during the likelihood of occurrence
assessment. Forty - three of these species were determined to have a moderate or high
likelihood of occurrence within the Study Area . Subsidence impacts from the proposed
longwalls are likely to be negligible for the majority of these species (Niche 2021a, 2023b and
2025). Nine threatened species are considered to be potentially im pacted by subsidence
impacts resulting from Longwalls in Area 3C (Niche 20 21a,2023b and 2025 ).

An assessment of potential impacts for each of the identified thre atened species likely to
be impacted is provided inthe Area 3C Terrestrial Ecology Assessment s (Niche 2021a, 2023b
and 2025 ).
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6 MANAGEMENT AND CONTINGENCY PLAN

The p otential impacts  of mine subsidenceto  upland swamps in Area 3C are provided below,
together with a summary of the avoidance, minimising, mitigati on and remediation

measures proposed.

6.1 Objectives
The aims and objectives of  this Plan include:

x Avoiding and minimis ing impacts to significant environmental values 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 remediation ha s 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 Area 3C.
Reporting of swamp triggers will be undertaken for all monitored swamps i n the Study Area,
however, performance measures are only applicable to Swamp s6,7,9, 16, 140, 141, 144, 145,
152,153,154, 155, 156, 15and 158 . The TARP has been prepared using knowledge gained from
previous mining in other areas of Dendrobium, advice from the Panel (2023) and in

consultation with  DPHI|, WaterNSW and CPHR The TARPs for Area 3C swamps are included in
Appendix A .

The TARPhas also been updated to address advice from the Panel (2024) in relation to the
Longwall 21A 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 157)
and even the smaller remote swamps (Swamps 144, 145, 153, 15 4 and 155), so that
the ‘more than minor’ impacts are reported in a timely manner and data are

available for modellin g and research purposes

x For ‘Ecosystem Function — Minor changes in the size of the swamp’ be modified to

make it clear that it is the extent of the whole swamp being con sidered in this TARP,
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x For ‘Ecosystem Function — Minor changes in the ecosystem functionality of the
swamp’ be modified to add ‘Area 3C mining induced changes hydrologi cal result
in:

o0 Changes in the extent of sub - communities, particularly cyperoid heath and

teatree thicket, within a swamp

o0 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, 141144, 145, 18, 153 154, 155, 156157 and 158 is being

undertaken under the SIMMCP. This data will be available for modellin g and research
purposes. Reporting on these swamps will be undertaken in EoP Reports.  Monitored swamps
have been included in the TARP so that triggers identified in these s wamps can be reported

in a timely manner.

The swamp monitoring program includes changes in the extent of sub - communities and
changes in species composition and total species richness within the tw 0 complex swamps

in Area 3C — Swamp 7 and 16. TARP triggers apply to these swamps for reporting purpos es.
Reporting is included in the annual monitoring report and EoP Reports .

The TARP provides reporting and/or other actions to be taken  upon reaching 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 impact in
accordance with relevant approvals. The SIMMCP provides a basis for the design and
implementation of any mitigation and remediation. Generic CMA s will be developed as
required, in consultation with  WaterNSW, to provide for a prompt response 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 determinin g any requirement
for mitigation or rehabilitation. The triggers are based on comparison o f baseline and
impact monitoring results. Specific triggers will continue to be reviewed and develop ed in
consultation with key stakeholders as the impact monitoring phase matures. Where
required the t riggers will be reviewed and changes proposed in impact assessment reports
provided to government agencies or in EoP Reports. Any changes to the triggers would

require approval of DPHI

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

stage, generally in the EOP Report or in annual monitoring reports.
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Level 1 triggers typically relate to the routine impacts from mining and/or natural (non -
mining) variability in the monitoring data. TARP level 1 impacts are reported to k ey
stakeholders via a variety or mechanisms, including an Impact Update Report provided to

Government Agencies.

Level 2 and 3 TARPsmay result in further investigations and reporting by appropriately

qualified people . Impact assessment reports generally include:
X Study scope and objectives
x Consider ation of relevant aspect from this Plan ;
X Analysis of trends and a ssessment 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 s ite specific CMAs which 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 t imeframes for implementation ;
X Roles and responsibilities
x Gaining appropriate approvals from landholders and government agencies ; and

X Reporting, ¢ onsultation 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 exceeded an
investigation to determine whether remediation is warranted and fea sible will be
undertaken in consultation with key stakeholders. Where remedi ation is not feasible, the
performance measure will be met by offsetting for Swamp 154 . It should be noted that all
swamp s within the Area 3C mining domain are offset excluding Swamp 154. Therefore, the
predominate management actions for impacted swamps is offset ting under the SBO.

6.3 Avoiding and Minimising

Mine layouts for Dendrobium Area 3C have been developed using ICHPLSs Integrated Mine
Planning Process (IMPP). This process considers mining and surfac e impacts when

designing mine layouts.
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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 im pacts;

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 ICHPLusing a multi - disciplinary
team including environment, community, mining, geological and explora tion expertise.
These included variations in the number of longwalls and orientat ions, lengths, and
setbacks of the longwalls from key surface features. These opt ions 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 oper ation. There are a
number of surface and subsurface constraints within the vicinity of Are a 3C including major
surface water features such as Lake Cordeaux and Wongawilli Creek; and a numb er of
geological constraints such as dykes and faults. The process of developi ng the layout for
Area 3C has considered predicted impacts on major natural features and a imed to
minimise these impacts within geological and other mining constraint S.

The layouts at Dendrobium Mine have been modified to reduce the potential for impacts to
surface features. Changes to a mine layout have significant flow -on impacts to mine
planning and scheduling as well as economic viability. These issues n eed to be tak en into
account when optimising mine layouts. The process adopted in design ing the Dendrobium
Area 3C mine layout incorporated the hierarchy of avoid/minimise/mitigat e as requested
by key stakeholders during the consultation process. Mine plan changes re sult 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 require ments;
and
X Constraints on blending which can disrupt the supply of coal to meet cust omer

requirements.

Restricting mine layout flexibility can also have the following cons equences:
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X Additional energy used to ventilate the mine;

X Increased safety risks such as risk of frictional igniti on on the longwall due to less

than optimal ventilation;

X Increased power usage, reduced fan lifespan and a requirement to instal | 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 interacti on with workers

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

Longwall s 24 to 29 will be set back a minimum of 30 0 m from the Lake Cordeaux FSL.
Longwalls 24 to 29 have been setback a minimum of 205 m from Wongawilli Creek. This
setback also reduces subsidence movements at surface features in proxi mity to Wongawilli
Creek, Cordeaux River and Lake Cordeaux, including its tributaries . Mining under Swamps
139, 140, 141 and 152 ha been avoided

The layout of proposed longwalls is designed to avoid Lake Cordeaux, Wonga willi Creek and
significant geological constraints. A summary of the geology of Longwal Is 24 to 29 is
available in Attachment G of the SMP.

Wongawilli Creek is situated on the western side of the longwall s in Area 3C. The thalweg
(i.e. base or centreline) of the creek is 205 m from the finishing (i.e. western) end of Longwall s
26 and 27 ,and 225m from Longwalls 28 and 29, at its closest point. The minimum distances
between the thalweg of the creek and the completed longwalls are 110 m fo r Longwall 6 in
Area 3A and 290 m for Longwall 9 in Area 3B.

6.4 Mitigati on and Rehabilitation

If the performance measures in the Development Consent are not me t, 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 mit igate or remediate
subsidence impacts and/or associated environmental consequences. The direction must
be implemented in accordance with its terms and requirements, in co nsultation wit h the

Secretary and affected agencies.

Coastal Upland Swamps were determined to be an endangered ecological ¢ ommunity
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 t he Development
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Consent (Minister for Planning 2008) and Condition 10 of the Area 3B S MP Approval
(Secretary DoPI 2013), the mitigation and rehabilitation described in this Pla n is required for
the development and an integral component of the proposed mining activity. T o the extent
these activities are required for the development approved under the D endrobium Mi ne
Development Consent no other license under the TSC Act is r equired in respect of those
activities.

At the time of grant of the Dendrobium Development Consent there was n o requirement for
concurrence in respect of threatened species or ecological commun ities. The requirement
for concurrence was, at that time, governed by section 79B of the EPA Act. At the time of
grant of the Dendrobium Consent there was a requirement for consultation with the Mi nister

administering the then TSC Act and this consultation was undertaken

Example mitigation and rehabilitation measures are outlined in the followi ng sub - sections.
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 li mited ability for these
fractures to seal naturally they will be sealed with an appropriate and approve d 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 rem ediation of the
Georges River where four West Cliff longwalls directly mined unde r the river and pool water

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

Such operations do have the potential to result in additional environme ntal impacts and
are carefully planned to avoid contamination. Mixing areas will be restrict ed to cleared
seismic lines or other open areas wherever possible. Bunds a re used 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 effecti veness 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 dri lled into 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 intention of this grouting is to
achieve a low permeability ‘layer’ below any affected pool as well as t he full depth of any

controlling rockbar.

Where alluvial material s overlie sandstone, grouts may be injected through grout rods to
seal voids in or under the soil or peat material. This technique was successfully 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.
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Grouting holes are drilled in a pattern, usually commencing at a grid spacingofl mx1mto
2 m x 2 m. The most efficient way to drill the holes taking into account pote ntial
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 equipment will be
sited on cleared seismic lines or other clear areas  wherever possible 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 travelling 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
Mine where there is appropriate logistical support. The grout is mixed and pumped
according to a grout design. A grout of high viscosity will be used if vertical fracturing i S
believed to be present since it has a shorter setting time. A low viscosity 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 additional grouting

holes that target areas of significant grout take from the previous pas s. 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 othe r 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 which the water drains

is measured and compared to pre - grouting results.  The grouting process is iterative; relying

on monitoring of grout injection quantities, grout backpressure s and measurements of
water holding capacity. In the Georges River, the majority o f pools were sealed with two to

three grout passes.

If flow diversion through a swamp rockbar occurs it may be more appropriat e to implement
alternative grouting techniques such as a deep er grout curtain  which can be delivered via
directional drilling technologies . Grouting should preferentially be undertaken 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
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(a) Dirilling into the bedrock (b) Grout pump station setup

(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 sh eet, rill, gully, tunnel and
stream channel. These types of erosion will be monitored in swamps in the mining are aas
well as in reference swamps not in the mining area. The types and magnitude of any erosion
identified in swamps in the mining area will be compared to any erosi on 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 this type of
erosion, ‘coir log dams’ are installed at knick points , channelised flow paths  and/ or at the
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 rehabilitat ion and have been
successfully used during a number of swamp rehabilitation programs of rece nt years 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 o f additional layers
of logs until the pooled water behind the ‘dams’ is at or above the level of the bank of the
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 slow s the flows in the eroding drainage line such that 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.
Atrenchis cutintothe 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 construction of a
small dam in an eroding swamp channel
The coir log dams are constructed at intervals down the erod ing channel , the intervals being

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

water behind the ‘dams’ is at or above the level of the bank of the erosion . At this point the
stream becomes, once again, a net water contributor to the swamp and not a ne t drainer
of water from the swamp. Where increased filtering of flows is required the coir logs ar e

wrapped in fibre matting ( Figure 6-5).

Figure 6-5 Small coir log dams with fibre mattin g

6.4.4 Water Spreading

Where sheet and rill erosion forms , these processes can reduce vegetation on the surface
and/or be a precursor to the formation of gully and stream channel erosio n. Treatment of
these areas can prevent the formation of channels and m aint ain swamp moisture . The
treatment proposed includes water spreading techniques, involving long lengths of coir logs
and hessian ‘sausages’ linked together across the contour such that water flow builds up
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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 swam p and along the

higher margins.

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 (bi odegradable)
and become integrated into the soil of the swamps. This approach is ecologically
sustainable in that all the materials used can breakdown and become part of t he organic
component of the swamp. This also removes the requirement for any post - rehabilitation

removal of structures or materials.

6.4.5 Alternative Remediati on Approaches

ICHPL has successfully implemented a subsidence rehabilitation pro gram in the Georges
River where there were impacts associated with mining dire ctly under streams . This
rehabilitation focused on grouting of mining induced fractures and strat a dilation to
reinstate the structural integrity and water holding capacity of t he bedrock. Metropolitan
Colliery is currently undertaking work aimed at rehabilitating areas im pacted by subsidence
using Poly-urethane Resin (PUR) and other grouting materials. ICHPL is consulti ng with
Metropolitan Colliery in relation to these new and emerging technologies . Should
rehabilitation be necessary in Dendrobium Area 3 C, 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 e rosion 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 deter mine 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 mining 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 this 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 remediatio n, offsets 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 foll owing the
implementation of any mitigation measures in Area 3B. The monitoring program is based

on a BACI design with sampling undertaken at impact and control (reference) locations
prior to the commencement of mitigation, during mitigation and after the ¢ ompletion 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 t here 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 ti me.

Observation data will also be collected as part of the monitoring program an d be used to
provide contextual information to the above assessment approach. Monitoring data and

observations will be mapped, documented and reported.

The water levels of all significant permanent pools within swamps wi Il be monitored prior to
and during mining.  These pool water levels will provide a direct comparison of pr e- mining
and post mining conditions within the pool. Where rehabilitation activities are required to
restore the structural integrity of the bedrock base of any significant p erman ent pool or
controlling rockbar, the pool water level will also be monitored after the CMAs are
implemented. The rehabilitation will be successful if the measu red 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 C MA can be tested. A rainfall
recharge event is where the watercourse flows into the significan t permanent pool to such

an extent that it is filled.
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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 impact requ iring offsetting, the
measures available and the practicality and cost of implementing the meas ure.

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

x The Applicant must provide suitable offsets for loss of water qual ity or loss of water
flows to WaterNSW storages, clearing and other ground disturbance (including clif f
falls) caused by its mining operations and/or surface activities with in 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, wat er
guantity, aquatic ecosystems and/or ecological integrity of WaterNS W'’s Special

Areas or water catchments.

ICHPL transferred 33 ha of land adjacent to the Cataract River to WaterNSW to meet the
above condition. A Strategic Biodiversity Offset (SBO) has been de veloped in consultation
with CPHRand WaterNSW for the approval of the Secretary of DPE (now DPHI) . The Secretary
DPHI approved the SBO in accordance with Condition 15 of Schedule 2 of the Develo pment
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 uplan d 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 .

The Panel (2024) notes that “the latest SBO (2023) captures all swamps except Swamp 154
and therefore negates the need for any management or remedial actio ns in the relevant
Area 3C SIMMCP and associated TARPs " and further stated that “in the Swamp Rehabilitation
Research Program (SRRP) Status Report deals with, inter alia, research into Littlejohn’s tree
frog restoration within Dendrobium lease area and occupancy within the Maddens Pl ains
offset site, as well as Giant Dragonfly research. Ongoing routine mo nitoring of threatened
species, as required under SMP approvals, has a significant role in und erstanding the
impacts on threatened species and thus on the role of offsets and the possi bility of any

rehabilitation program successes.
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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 . This would apply to

Swamp 154.

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 Secretary . 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 adaptive to
results as the program is implemented. The research will be conduct ed as provided by a
Swamp Rehabilitation Research Program (SRRP). The SRRP:

X investigate s methods to rehabilitate swamps subject to subsidence impacts and

environmental consequences within Area 3A and 3B, with the aim of re storing
groundwater levels and groundwater recharge response behaviour to pre - mining
levels;

x establish a field trial (for a 5 year duration or longer) for rehabilitati on 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 plan s and ongoing
reporting.
ICHPL provides a status report to the Secretary on the SRRP every 6 mont hs.
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, ICHPLwillimplement a Contingency Plan to manage any unpredicted

impacts and their consequences. This contingency and response plan is applicable to
Swamp 154 .

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.
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x Inform relevant Government agencies of investigation results.

x Develop sit e CMA in consultation w ith 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 Reportin EoPReport and A nnual Review.

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

implemented will be prepared following the identification of mi ning induced swamp

degradation that exceed s the performance indicators specified in the TARPS.

The site - specific swamp rehabilitation action plan will be developed in consultation with
relevant stakeholders . Authority to access the land to conduct works and implement

environmental controls requires approval of  WaterNSW.

Appendix A providesa 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

ICHPLwill notify DPHIand other relevant agencies of any incident 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 within seven days of

confirmation of any event

7.2 Complaints Handling

ICHPL has a readily accessible contact point through a 24 - hour toll - free Community Call
Line (1800 102 210) and email address (community@ gm3 .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 pr ovided to the local
community. The call line is for all complaints and general enquiries regarding e nvironmental

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 for invest igation. All
complaints received in relation to Dendrobium Mine will be managed in accordanc e with

the Handling Community Complaints, Enquiries and Disputes Procedure.

Upon receipt of a community complaint, preliminary investigations wil | commence as soon
as practicable to determine the likely cause of the complaint. An initi al 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 investiga tion 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 .

7.3 Non - Conformance Protocol

The requirement to comply with all approvals, plans and procedures is the re sponsibility of
all personnel (staff and contractors) employed on or in association with Dendrobium Mine
operations. Regular  inspections, internal  audits and initiation of any
remediation/rectification work in relation to th is Plan will be undertaken by the Principal
Approvals.

Non- conformances , corrective actions and preventative actions are managed i n

accordance with the  following process:

x ldentification and recording of non - conformance and/or non - compliance.
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x Evaluation of the non - conformance and/or non - compliance to determine specific

corrective and preventative actions.
x Corrective and preventative actions to be assigned to the responsibl e person.

X Management review of corrective actions to ensure the status and effectiveness of

the actions.

An Annual Review will be undertaken to assess ICHPLs compliance with all conditions of the

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

An independent environmental audit will be undertaken ( Schedule 8, Condition 6) to review
the adequacy of strategies, plans or programs under these approvals and if a ppropriate,
recommend actions to improve environmental performance. The independent
environmental audit will be undertaken by a suitably qualified, experienced an d
independent team of experts whose appointment has been endorsed by the Secretary of
DPHIL
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8 PLAN ADMINISTRATION

This SIMMCP will be administered in accordance with the requirements o f the ICHPL
Environmental Management System (EMS) and the Dendrobium Development Consent
Conditions. A summary of the administrative requirements is provided below.

8.1 Roles and Responsibilities

Statutory obligations applicable to Dendrobium  Mine operations are identified and

managed via an online compliance management system.

The overall responsibility for the implementation of this SIMMCP r esides with the Manager

Approvals who shall be the SIMMCP’s authorising officer.

Responsibilities for environmental management in Dendrobium Area 3 C and the

implementation of the SIMMCP include:
Manager Approvals

x Ensure that the requisite personnel and equipment are provided to enabl e 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 ICHPLon 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 mini ng impacts.

x Respond to any queries or complaints made by members of the public in relation 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 meas ures.

X Ensure surveys required by this SIMMCP are conducted and record d etails of

instances where circumstances prevent these from taking place.

Coordinator Environment
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X Instruct suitable person(s) in the required standards for inspect ions, recording and

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

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 assessment
meetings.
x Bring to the attention of the Principal Approvals any findings indicat ing an

immediate response may be warranted.

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

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 t his SIMMCP.

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 servi ced as req uired 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 ICHPLsites are required to complete the ICHPLtraining

program which includes:

X An initial site induction (including all relevant aspects of environm ent, health, safety

and community).

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

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

It is the responsibility of the Principal Approvals to ensure that all pe rsons and organisations

having responsibilities under this SIMMCP are trained and understand their responsibilities.

The person(s) performing regular inspections shall be under the superv ision of the
Coordinator Environment and be trained in observation, measurement and re porting. The
Coordinator Environment shall be satisfied that the person(s) pe rforming the inspectio ns

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.
ICHPLdocument control requirements include:
x Documents are approved for adequacy by authorised personnel prior to us e.

X Obsolete documents are promptly removed from circulation.

x Documents are reissued, or made available, to relevant persons i n a timely fashion
after changes have been made and the authorisation process is complet e.
The SIMMCP and other relevant documentation will be made available on th e GM3 website

in accordance with Condition 11,  Schedule 2 of the Development Consent.

8.5 Management Plan Review

A comprehensive review of the objectives and targets associated w ith the Dendrobium
Area 3C operations is undertaken on an annual basis via the planning process. These
reviews, which include involvement from senior management and oth er key site personnel,
assess the performance of the mine over the previous year and develop go als 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 specifically this
SIMMCP will be subject to review (and revision if necessary, to the satis faction of the

Secretary ) following :
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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 Consen t or SMP

approval

If deficiencies in the EMS and/or SIMMCP are identified in the interim period, the plans will be
modified as required.  This process has been designed to ensure that all environment al
documentation continues to meet current environmental requiremen ts, including changes
in technology and operational practice, and the expectations of stakeh olders.
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Appendix A — Swamp Monitoring and Trigger Action Response Plan




Dendrobium Area 3C Swamp Trigger Action Response Plan

Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response
Measure * Impacts Sites
EROSION
Minor erosion Gully erosion Swamps 6, Raw ground strike ALS base surveys Level 1 x  Continue monitoring program
of the surface or similar 7,9, 16,140, ALS data will be completed prior to The increase in length of erosion within the swamp X  Submit impact report to key stakeholders
of the Swamp s 141144, 145, | contoured with a mining. (compared to its pre - mining length) is 2% of the swamp X  Report in the End of Panel Report
6, 7,9, 16, 140, 152 153,154, | 0.2 m interval after length or area; and/or X Summarise actions and monitoring in
141, 144, 145, 152, 155, 156, 157 | the completion of Surveys to be repeated Annual Review
153,154, 155, 156, 158 subsidence at each after each longwall or to Erosion in a localised area (not associated with cracking or
157, 158 longwall to provide a define any new erosion fracturing) which would be expected to naturally stabilise
new (subsided) areas identified by ALS without CMA and within the period of monitoring.
Other Area 3C baseline surface survey . Level 2 X Actions as stated for Level 1
Swamps: dataset. For a period The increase in length of erosion within the swamp X Review monitoring frequency
No of up to ten years (compared to its pre - mining length) is 3% of the swamp X  Seek expert and agency advice on any
performance after mining repeat length or area; and/or CMA required
measure ALS datasets and X Implement agreed CMAs as approved
applies. surface modelling Soil surface crack that causes erosion that is likely to stabilise (subject to agency feedback) e.g.
The monitoring will be completed to within the monitoring period without intervention; and/or implement temporary erosion control (e.g.,
and TARP assess for new or knickpoint control, coir logs)
objective for increases in  existing Gully knickpoint forms or an existing gully knickpoint becomes
other Area 3C erosion. The active.
swamps is to maximum
enable area/length and X Actions as stated for Level 2
reporting of depth of any erosion x  Offer site visit with key stakeholders
swamp triggers identified by ALS will X  Implement additional monitoring or
in a timely be measured by increase frequency if required
manner and standard survey x  Develop any additional CMA required in
provide data for methods . consultation with key stakeholders
modelling and Completion of works following approvals
research and at a time agreed between ICH and key
purposes. 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

1 The performance measures can be met by either avoidance, mitigation, reme diation or offsetting or any combination of these me asures.



Performance

Potential

Monitoring

Parameters

Monitoring Frequency

Reporting Trigger

Trigger Response

Measure *

Impacts

Sites

ECOSYSTEM FUNCTION- SWAMP SIZE

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 141, 144, 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, 152,153154, changes in 156, 157 (Banksia Thicket, observational the Control Group, and exceeding the standard error (SE) of X Summarise actions and monitoring in
155, 156, 157158 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 Li DAR 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 6: Shallow For instrumented sites: Level 1 X Continue monitoring program
in the mining 06_01 groundwater level - Automatic groundwater Rate of groundwater level recession exceeds rate of recession X Submit impact report to key stakeholders
ecosystem induced Swamp 7: Piezometric and dip level monitoring pre, during baseline period at any monitoring site within the X Reportin the End of Panel Report
functionality of hydrological 07_05, 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 07_06, shallow groundwater (2- hour interval or curve and where the 95%ile of pre - and post - mining Annual Review
16, 140, 141, 144, | swamps 07_07 level . similar) recession rates are used for co  mparison); or X Reportin the End of Panel Report for HBSS
145, 152, 154, 155, result in falls Swamp 9: Monitoring post mining piezometers
156, 157 in surface or 09_01, Soil moisture level - for five years to be 5- 10% increase in period of time a borehole is dry compared
near - 09_02 Installed dielectric reviewed annually to baseline at any monitored groundwater level site within the
Minor changes surface Swamp 16: soil moisture sites swamp.
to the groundwater 16_01, down to a maximum Automatic soil moisture The groundwater level or piezometric head in the
hydrology of 16_03 of 1.2 m to measure monitoring pre, during groundwater monitoring borehole piezometer declines below




Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response

Measure * Impacts Sites
the Swamp 6, 7, levels in the Swamp 140: deep soil moisture at and post pre - mining baseline and below the elevation of the swamp
9, 16, 140, 141, 144 swamp 140_01 various depths Monitoring post mining base for more than 6 months after mining passes the
145, 152,153,154, Swamp 141: down - profile . for five years to be monitoring location for Swamps 7 and 9.
155, 156, 157158 Area 3C 141_01 reviewed annually . Level 2 X Actions as stated for Level 1

mining Swamp 144: Piezometric Groundwater or soil moisture level lower than baseline level X Review monitoring frequency
Shallow induced 144 01 monitoring of at any monitoring site within the swamp; or
Groundwater: hydrological Swamp 145: groundwater
The changes in 145 01 boreholes. Rate of groundwater level recession exceeds rate of
groundwater swamps Swamp 152: groundwater level recession by >20 to 50% during baseline
level or result in falls 152 01 period any monitoring site within the swamp (measured as
piezometric in soil Swamp 153: average mm/day during the recession curve and where the
head in the moisture 153 01 95%ile of pre - and post - mining re cession rates are used for
groundwater levels in the Swamp 154: comparison); or
monitoring swamp 154 01
borehole Swamp 155: 10 20% increase in period of time a borehole is dry compared
piezometer Area 3C 155_01 to baseline at any monitored groundwater level site within the
declines below mining Swamp 156: swamp.
pre - mining induced 156_01
baseline and hydrological Swamp 157: X  Actions as stated for Level 2
below the changes in 157_01 X Offer site visit with key stakeholders at End
elevation of the swamps Swamp 158: of Panel
swamp base resultin 158 01 x  Obtain specialist advice on the need to
for more than 6 piezometer Groundwat undertake an ecological survey.
months after declines er
mining passes below pre - S2208
the monitoring mining D- GW- 24
location for baseline and
Swamps 7 and below the
9 elevation of

the swamp X Actions as stated for Level 3
Other Area 3C base. x Implement contingency plan
Swamps: x Undertake specialist assessment of
No performance measure to confirm changes
performance are mining -induced
measure X Investigate potential remediation and
applies. offsetting options in consultation with key
The monitoring stakeholders
and TARP X Prepare and implement agreed
objective for remediation action plan and/or offsets
other Area 3C
swamps is to
enable

reporting of
swamp triggers
in a timely

2 Average rainfall = (based on IMC Centroid rainfall data)



Performance Potential Monitoring Parameters Monitoring Frequency Reporting Trigger Trigger Response

Sites

Measure *

Impacts

manner and
provide data for
modelling and
research
purposes.

COMPOSITION OR DISTRIBUTION OF SPECIES

Minor change Area 3C Swamps 7 Swamp vegetation Baseline monitoring Level 1 x  Continue monitoring program
to the mining and 16 transects. campaign at least two A statistically significant difference (decline) in TSR or species X Report in annual terrestrial monitoring
composition or induced years prior to mining composition as part of a Before - After - Control - Impact report
distribution of hydrological 15 m transects during spring. approach over two consecutive years (e.g. impact detected X Summarise actions and monitoring in the
species within changes in consisting of thirty in each of 2023 - 2024 and again 2024 - 2025 impact years). End of Panel Report and Annual Review
Swamp s 7 and swamps 0.5mx0.5m Annual post mining in The change over two consecutive years will be tested at a
16 resultin a quadrats. The spring for two years or as 2cOcUaecUOORRI ®UVUAUUUOOA4G RPEDBR aU "~|>4° £i£ |

decline in monitoring records: otherwise required
Other Area 3C species x Presence of all Level 2 X  Actions as stated for Level 1
Swamps: richness, species within General observation of A statistically significant difference (decline) in TSR or species X Seek expert advice on any CMA required.
No distribution, each quadrat; active mining areas composition as part of a Before - After - Control - Impact x  Implement agreed CMAs as approved.
performance composition x Observations of during all other approach over three consecutive years (e.g. impact detected
measure and dieback or monitoring in each of 2023 - 2024, 2024 - 2025 and 2025 - 2026 impact
'T’ﬁzhr?;nitoring diversity. changes in years). The change over three consecutive years will be
and TARP community ¢cBaec@x O¢ O 2¢O0cUx=cUOORRI 2UUVAUULUOOAIC RPEéBR aU "~ >&° £if£ cej
objective for structure; and
other Area 3C X Photo point x Actions as stated for Level 2
swamps is to monitoring at x  Develop any additional CMA in consultation
enable each transect. with key stakeholders. This may include

additional vegetation management actions
(e.g. water spreading, seeding/planting,

reporting of
swamp triggers

and provide weeding? _

data for c )r% Z%Oénglegﬁ Qf~wc))g<§ f()&ll{(\)gm&ai\pprovals
modelling and and at a time agreed between ICH and key
research stakeholders including monitoring and
purposes. 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




Potential

Monitoring
Sites

Performance
Measure *

Impacts

Parameters

Monitoring Frequency

STRUCTURAL INTEGRITY OF CONTROLLING

ROCKBAR

Reporting Trigger

Trigger Response

Maintenance Subsidence Any
or restoration impacts (i.e. identified
of the structural cracking) on significant
integrity of bedrock permanent
rockbar base of base or pools with
— . controlling
any significant controlling
rockbars
permanent rockbar o
within
pool or .

_ swamps in
controlllng ‘ Loss of the Study
rockbar within surface Area ?
the Swamp 6, 7, water in

9, 16, 140, 141, 144 significant
145, 152,153,154,
155, 156, 157158

permanent
pools

Logged and manual
water levels — water
level relative to an
installed benchmark.

Manual water level
measurement —
distance from
installed benchmark
to water level.

Visual observations
— pool inflow and
outflow status,
‘Water in pool’
observations. Visual

signs of impact ( i.e.

cracking of rockbar)

Hourly water levels for
logged sites

Manual benchmarks and
visual observations —
monthly prior to and
after mining; weekly
during active
subsidence.

3No significant permanent pools in swamps have been identified in the Study Area

Level 1 x  Continue monitoring program
Fracturing to rockbar base of any significant permanent pool X Submit impact report to key stakeholders
or controlling rockbar within the swamp X Report in the End of Panel Report
X Summarise actions and monitoring in
Annual Review
Level 2 X Actions as stated for Level 1
Fracturing to rockbar base of any significant permanent pool X  Review monitoring frequency
or controlling rockbar within the swamp results in cease -to-
flow when this condition has not been observed in the
baseline period.
X Actions as stated for Level 2
X Offer site visit with key stakeholders
X Actions as stated for Level 3
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




Appendix A: Dendrobium Area 3 Watercourse and Swam p Monitoring Program
Watercourse and swamp monitoring  within Dendrobium  Area 3 will be installed ahead of mining to achieve atleast2 -years bas eline 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.
Quarterly monitoring forup to five years post mining will be und ertaken f or primary monitoring sites and w here performance measures require more than 2 years of post-
mining monitoring, this will be und ertaken. Where impacts are observed the monitoring period will be reviewed and this review will be reported inImpact Reports and End
of Panel Reports. For Level 3 Triggers and forimpacts exceeding performance indicators this review may be conducted in consultation witht echnical specialists and /or key

stakeholders. The location of monitoring sites is indicated on the figures of the relevant WIMMCP and SIMMCP.

Dendrobium  Area 3 Watercourse and Swamp Monitoring Program

Monitoring Site Site Type Monitoring Frequency Parameters
OBSERVATIONAL, PHOTO POINT AND WATERMONITORING - WATERCOURSES
Reference Sites Visual signs of impacts to creeks and
Wongawilli Creek, Sandy Creek, LC7B, WC11, SC9A, SC10A, drainage lines (i.e. cracking, vegetation
NDC1, DC10 and D10 changes, increased erosion, changes in
water colour, soil moisture etc.)
determined by comparing baseline
Primary Monitoring Sites photos with photos during the mining
Sandy Creek period
< | Wongawilli Creek
é Manual Field Testing:
< | Secondary Monitoring Sites ob _ doh . Key water quality parameters in pools
Sandy Creek tributaries (including SC7 and SC10) s<'etrvs.at|on and photo point x Monthly 2 years pre - and post - mining, | analysed to identify any changes
-~ ; : monitoring:
Wongawilli Creek tributaries _ g weekly when longwall is within 400  m resulting from mining including pH,
Primary Monitoring Sites x Sites based on an assessment of of monitoring site Temp, EC, DO and ORP
- isk
Wongawilli Creek ns X Quarterly monitoring for up to five
| Donalds Castle Creek x Streams and swamps years post mining for primary Pool water levels  (where features allow)
2 x Pools and rockbars monitoring sites. to identify any changes resulting from
= o . . ; .
& | Secondary Monitoring Sites x Previously observed impacts that x Reference sites 6 monthly mining. At suitable sites, pool water
< Native Dog, WC21, WC18, WC16, WC15, WC12, WC9, WCS, warrant follow - up inspection . .
levels will be measured with a pressure
WC7, WC6, LA5, LA4, LA3, LA2, ND1 and DC13
transducer and continuous logger. A
benchmark for manual readings will be
Primary Monitoring Sites . . .
. installed at sites that are not suitable for
Wongawilli Creek
) Sandy Creek alogger
2 Lake Cordeaux
IS:J Visual assessment of iron staining in
< Secondary Monitoring Sites monitored pools according to the scale:
WC20, WC21, WC24, WC24A, WC26, WC26A, WC28, WC29, 0. No iron observed
WC30, CR36, CR36A, CR36B, CR36B1, CR36C, CR38LC2, 1. Lightiron observed




Monitoring Site

LC9A

LC3, LC4, LC4A, LC5, LC5A, LC5B, LC6, LC7, LC8, LC&nd

Site Type

Monitoring Frequency

‘ Parameters

2. Moderate iron observed

3. Heavy iron observed

4. Noiron present in water
column but precipitate present.

Photo references of the  visual
assessment scores are presented in
Appendix G of the WIMMCP.

Monitoring Site

Site Type

OBSERVATIONAL, PHOTO POINT AND WATER MONITORING- SWAMPS

Monitoring Frequency

Parameters

Swamps 22, 24 25, 33, 84, 85, 86, 87 ,88 and 131

)
5
=
©
o
Swamps 12, 15A, 15B, 15C, 34, 95, 146, 147 and 148
S
<
L
14
<
o Swamps 01A, 01B, 03, 04, 05, 08, 10, 11, 13, 14, 23, 35A, 35B,
2 149, 150 and 151
L
o
<
O Swamps 6, 7 % 9, 16,140, 141144, 145,152,153, 154, 155, 156,
2 157, 158
<
L
14
<

Observation and photo point
monitoring:

Sites based on risk

Swamps

Pools and rockbars

Steep slopes and rock outcrops
Previously observed impacts that
warrant follow - up inspection

Mining areas

Pre and post mining for 2 years, monthly
when longwall is within 400 m of
monitoring site

Weekly inspection and pool water levels
when longwall is within 400 m of

monitoring site

Reference sites 6 - monthly

General observation of swamps in active
mining areas when longwall is within
400 m of swamp

Visual signs of impacts to swamps and
drainage lines (i.e. cracking, vegetation
changes, increased erosion, changes in
water colour, soil moisture etc.)
determined by comparing baseline
photos with photos during the mining
period

Key water quality parameters in pools
within and downstream of swamps
analysed to identify any changes

resulting from mining

lPreviously a reference site for Area 3B




Parameters

Monitoring Site
WATER QUALITY

Site Type

Monitoring Frequency

Primary Monitoring Sites
Wongawilli Creek

Wongawilli Creek (FR6)

Sandy Creek

Sandy Creek (SCk_Rockbar5 )
Lake Cordeaux

Sandy Creek Arm (lake site)

Secondary Monitoring Sites

Wongawilli Creek  and Tributaries

WWwWU1, WwU4, WC_Pool 46, WWM2 and WC_Pool 43b
WC17_S1

WC14_S1

WC13_S1

Sandy Creek Tributaries

SC10_Rockbar 3

SC10C_Pool 1

SC7_S1

AREA 3A

Primary Monitoring Sites
Wongawilli Creek
Wongawilli Creek (FR6)
Lake Avon

Lake Avon (LA4_S1)
Donalds Castle Creek
Donalds Castle Creek (FR6)

Secondary Monitoring Sites
Wongawilli Creek
wwu1l

Wwwu4

WC_Rockbar 39

WC Pool 49

WC_Pool 46

WWM2

WC_Pool 43b
WC21_Pool 5

WC21 Pools 30 and 53
WC15_Pool 28
WC15_Pool 9

AREA 3B

x Collect sample
x Field water quality

Monthly monitoring pre, during and post

mining for two years

Quarterly monitoring for up to five years

post mining for primary monitoring sites

Lab. Analytes :

(incl. lab checks of pH, lab. check of EC,

DOC, Na, K, Ca, Mg, Filt. SO4, CI, T. Alk.,
TDS, TSS, Total Fe, Mn, Al, Filt. Cu, Ni, Zn, Si)




Monitoring Site

WC15_Pool 2
WC7_Pool 1
WC12_Pool 1

Lake Avon
LA4_S2,LA5_S1, LA5_S2, LA3 Pool 4, LA2 Pool 5, LAl and
LA 1

Donalds Castle Creek
DCL3)

DC_Pool 22
DC13_Pool 2b

Native Dog Creek
NDC4

NDC1

NDT1

AREA 3C

Primary Monitoring Sites
Wongawilli Creek
Wongauwilli Creek (FR6)
Sandy Creek

Sandy Creek (SCk_Rockbar 5)
Cordeaux River

CR_Pool 26

CR_S1

Lake Cordeaux

LC_1

LC_2

LC_3

LC_4

Lake Cordeaux Tributaries
LC5_S1

LC6_Rockbar 1

LC4_Pool 2

Secondary Monitoring Sites

Wongawilli Creek & Wongawilli Creek Tributaries
WC_Pool 49

WC_Pool 38

WC20_Pool 8

WC21_Pool 5

WC24_Pool 10

WC26_Channel 4

Site Type

Monitoring Frequency

Parameters




Monitoring Site Site Type Monitoring Frequency Parameters

WC_Pool 20
WC_Pool 19
WC_Pool 17
WC_Pool 16
WC_Rockbar 7
Sandy Creek
SC10_Rockbar 3
SC10C_Pool 1
SC7_S1

Lake Cordeaux Tributaries
LC4_Pool 2

LC7_Pool 2

LC9 _Pool 2

Cordeaux River Tributary
CR36_S1

CR38_Pool 4




Monitoring Site
WATER FLOW

Site Type

Monitoring Frequency

Parameters

O’Hares Creek [NSW gouvt site]
213200 (O’'Hares Creek @ Wedderburn)

B Wongawilli Creek
?J: WWU (Wongawilli Creek upstream)
& (Other reference sites may be used depending on data
availability and quality (e.g. WaterNSW sites Woronora River
2132101 and Bomaderry Creek 215016) )
Primary Monitoring Sites
Wongawilli Creek
WWL_A
< | Sandy Creek
5 | scLz2
&
Secondary Monitoring Sites
Sandy Creek Tributary
SC10S1 and SC10CS1
Primary Monitoring Sites
Wongawilli Creek
WWL_A
Donalds Castle Creek
DCU (Donalds Castle Creek FR6)
Lake Avon
LA4S1
LA3S1
= LA2S1
& | NDTSL
&

Secondary Monitoring Sites
Wongawilli Creek

WC21S1

WC15S1

WC12S1

Donalds Castle Creek
DC13S1

DCS2

x Pressure transducer with data
logger

x Flow gauging site (volumetric or
flow meter). Low - profile weir or
suitable natural rockbar control

Continuous 1 - hour logging intervals

Monitoring for two years pre and post
mining and up to five years post mining

for primary monitoring sites

Automatic pool water level
measurements which are converted to
flows by calculation of rating curves
using measured creek cross
sections/measured flows at the
monitoring point.

Hydrological changes are assessed by
comparing pre - and post (nining
observed flows from impact or
assessment sites to flow data from
similar reference sites (that are not

impacted by mining).




Monitoring Site

AREA 3C

Primary Monitoring Sites
Wongawilli Creek
WWL_A

Sandy Creek

SCL2

Lake Cordeaux
LC4S1

LC5S1

LC6S1

Cordeaux River

CRS1 NSW govt site ]

Secondary Monitoring Sites
Wongawilli Creek
WC20S1

WC20S2

WC21S1

WC24S1

WC26S1

WC26S2

Sandy Creek Tributary
SC10S1 and SC10CS1
Lake Cordeaux Tributaries
LC5S2

LC7S1

LC9Ss1

Cordeaux River Tributary
CR36S1

CR38S1

Site Type

Monitoring Frequency

Parameters




Monitoring Site
EROSIONMONITORING

Site Type

Monitoring Frequency

Parameters

Reference swamps where ALS/  LiDARIs availab le

)
g
=
D
o
Swamps 12, 15A, 15B, 15C, 34, 95, 96, 146, 147 and 148
S
<<
L
o
<
o Swamps 01A, 01B, 03, 04, 05, 08, 10, 11, 13, 14, 23, 35A, 35B,
2 149, 150, 151
L
[0
<
O Swamps 6, 7, 9, 16, 140, 141144, 145,152,153, 154, 155, 156,
™ 157, 158
<<
L
o
<

Airborne Laser Scanning

Surveyed cross - sections, areas and
lengths

ALSLIDAR base surveys completed
baseline period and following completion
of each mining  panel.

Ground based surveys to be completed
for each longwall after each longwall or
to define any new erosions identified by
ALSLIDAR survey .

in the

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 modell ing 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

SHALLOW GROUNDWATER LEVEIAND SOIL MOISTURE

Ref Sites

AREA3A

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

Swamp 15A: 15a_03, 15a_04, 15a 06 15a 07, 15a_08,
15a_09, 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

Monitoring bore drilled into the soil
profile

For open hole sites:

Monthly monitoring pre, during and post
mining for two years to be reviewed
annually .

Reference sites : 6 monthly

For instrumented sites:

Automatic groundwater level monitoring
pre, during and post mining (1 - hour
interval or similar)

Automatic soil moisture monitoring pre,
during and post mining

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 of 1.2 m to measure
deep soil moisture at various depths

down - profile




Monitoring Site Site Type Monitoring Frequency Parameters

Swamp 01A: 01a_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: 11H1, £H2, 11H3
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

Swamp 6: 06_01

Swamp 7: 07_0 5, 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

Swamp 158: 158 01

Where sediment depth allows installation of instrument.

AREA3B

AREA 3C

Monitoring Site Site Type Monitoring Frequency Parameters
TERRESTRIAL FLORA COMPOSITION AND DISTRIBUTION OF SPECIES




Swamps 22, 33 , 86, 87, 88 and 131

Swamp vegetation transects
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Swamps 15B and 15A
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Swamps 01A, 01B, 05, 11, 13, 14 and 23
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Swamps 7 and 16
8
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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 FLORA SWAMP SIZE AND ECOSYSTEM FUN

CTION

Swamps 22, 33, 85, 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
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Swamp 15A, 15B, 148
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Swamps 01A, 01B, 05, 8, 11, 13, 14 and 23
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O Swamps 6, 7,9, 16140, 141144, 145152, 153, 154, 155, 156, 157|
™ 158

<

ul

14

<

Baseline mapping prior to mining with
repeat mapping after each longwall

as determined by observational
monitoring i.e. if dieback or invasion of
non - swamp species is observed

or

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 FAUNA- THREATENED FROG SPECIES




DC8, SC7(1), SC7(2), SC7A, SC8,WC10, WC11CR92, CR29D

0
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D
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SC10C, SC10(1), SC10(2), 6CDLWC13and WC17
S
<
L
14
<
DC13, DC1, WC21, LA4A, LA2, ND1 NDC, ND2 and WC15
%
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LC4,LC5,LC5A, LC6,LC7, CR36, CR38,WC20 and WC26
Q
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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 versu s control).

For swamps frog surveys are conducted
along associated creeks with a focus on
features susceptible to impacts e.g.
breeding pools. Potential breeding
habitat for Littlejohn’s Tree 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

TERRESTRIAL FAUNA- GIANT DRAGONFLY MONITORING

Swamps 33, 131, 132 and 22
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Swamp s 7,9 and 16

AREA 3C

Giant Dragonfly monitoring

targeted swamps

in

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 beha viours observed (e.g.

mating, courtship, or mate guarding).




AQUATIC ECOLOGY

AREAS 3A, 3B AND 3C

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)

Cordeaux River catchment
Sites 25 and 29

Reference Sites

Sites X7 and X8 (Wongawilli Creek)

Sites 7 and 8 (Sandy Creek)

Sites 15 and 16 (Kentish Creek)

Note: designation of sites as impact or reference may

alter as longwalls progress in each domain

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
Austrocorduliidae  and
Gomphomacromiidae
the taxonomic level required to confirm
any listed threatened species

are identified to

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.




Area 3 Longwall Extraction History

Mine Panel Width [m] Cutting height [m] Depth of cover [m]
Dl B g (), Panel Mean  Max Min Mean Max
Area3A | 6 Historical 09/02/2010 | 28/03/2011 | 413 | 2610 238.5 248.5 3.7 3.90 287 345 389
7 Historical 04/05/2011 23/01/2012 | 265 | 2220 238.5 248.5 3.46 3.60 288 338 379
8 Historical 24/02/2012 29/12/2012 | 310 | 2220 295 305 3.38 3.50 261 321 373
Area 3B | 9 Historical 09/02/2013 | 02/06/2014 | 479 | 2150 295 305 3.45 3.70 314 381 409
10 Historical 20/01/2014 | 20/01/2015 | 366 | 2200 295 305 3.93 4.50 325 383 406
11 Historical 18/02/2015 | 05/01/2016 | 322 | 2190 295 305 3.86 3.95 327 381 404
12 Historical 22/01/2016 | 31/01/2017 | 377 | 2590 295 305 3.93 3.95 329 376 404
13 Historical 04/03/2017 19/04/2018 | 411 | 2210 295 305 3.86 3.95 299 375 400
14 Historical 22/05/2018 | 26/02/2019 | 223 | 1980 295 305 3.89 3.90 325 378 395
15 Historical 08/04/2019 22/01/2020 | 243 | 1963 295 305 3.89 3.90 324 370 390
16 Historical 20/02/2020 | 04/11/2020 | 244 | 1874 295 305 3.89 3.90 280 350 390
17 Historical 12/12/2020 13/10/2021 | 306 | 1909 295 305 3.89 3.90 278 345 385
18 Historical 02/12/2021 17/05/2022 | 155 | 1018 295 305 3.89 3.90 300 332 370
Area 3A | 19 Historical 20/06/2022 29/03/2023 | 220 | 1500 295 305 3.82 3.9 287 331 369
Area 3C | 21 Historical 25/04/2023 | 06/08/2023 | 100 | 872 245 256 3.78 3.9 310 340 382
Area 3A | 19A Historical 02/11/2023 | 28/06/2024 | 239 | 900 270 281 3.84 3.9 294 320 350
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Appendix B — Agency Feedback and Responses

Table 9-1 Agency feedback and responses

LW20- 21 AGENCY SUBMISSION RESPONSE

BCD Submission

— Longwall s20and 21

ICHPL response

Performance measures not measurable

and specific

X We note no changes in performance

measures. As per previous advice:

“The performance measures suggested for
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 re quired 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 ent peer review.”

Refer to Section 3.6 of the WIMMCRP for details of the Dendrobium
Area 3B TARP review that was undertaken between WaterNSW,
DPEand South32 between 2018 and 2020.
adopted for Area 3C.

Upland swamps

The IEPMC recognises that TARP’s, which
are linked to performance measures, do
not reflect the groundwater - dependence
of the upland swamp ecosystem.

Monitoring of groundwater using

piezometers in swamps is already carried

out broadly in Dendrobium Mine dom ains
and should be utilised in informing
environmental consequences of mining by
inclusion of a specific performance

measure relating to changes in

groundwater within swamps. We suggest

that this should be consistent with the
definition of ‘Negligible envi  ronmental
consequences’ from the Biodiversity
Offsets Policy for Major Projects (Upland
Swamps) Addendum, specifically:

x Negligible change to the shallow
groundwater regime of a swamp
compared with control swamps;

and/or

The IEP (2019b) states:

“The Panel's conclusion in the Initial Report that TARPs “do not
reflect the groundwater dependence of the upland swamp

ecosystems” was challenged in Peabody’'s response that
“swamp impact TARPs do include triggers associated with
piezometer monitoring” (Pe  abody,
recognises that TARPs for changes to piezometric levels in
shallow groundwater are defined for both Dendrobium and

Metropolitan mines.”

The TARPs for groundwater changes in swamps for Dendrobium

Area 3C are detailed further in Appendix A:

Level 1. Groundwater level lower than baseline level at any
monitoring site 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 any monitoring site

(measured as average mm/day during the recession curve).

Level 2: Groundwater level lower than baseline level at 50% 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 a 50% of monitoring

sites (within 400 m of mining) within the swamp.

These TARPs have been

2019b).48 The Panel
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x Negligible change to the composition Level 3: Groundwater level lower than baseline level at >80% of
or distribution of swamp dependent monitoring sites (within 400 m of mining) within a swamp (in
vegetation communities. comparison to reference swamps); and/or

The IEPMC recognised that the nature of Rate of groundwater level reduction exceeds rate of groundwater

existing performance measures and TARPs level reduction during baseline period at >80% of monitoring sites

in relation to swamps were slow to respond (within 400 m of mining) within the swamp.

to mine impacts and would not be
detected until much later. Groundwater
monitoring with piezometers has the
benefit of allowing detec  tion of mine
impacts immediately and being

measurable and quantifiable.

Adequate baseline monitoring of swamps Shallow groundwater piezometers paired with a soil moisture

not undertaken probe will be installed in Swamp 142 a minimum of two years prior

x Some additional piezometers have to mining if Longwall 20 is to be extracted . Swamp 144
been noted (including swamps 142 and (piezometer 144_01) was established 28/08/2020.

144), however we are unsure about pre -

mining duration. This should be

clarified.
No offsets for swamps 142 and 144 DPE has advised “ ... the Department is of the view that the
X South32 have received confirmation Maddens Plains offset can be relied upon to offset the impacts of
from DPEthat the 2016 Strategic mining operations at Area 3C.”

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.
WaterNSW Submission ICHPL response
The reports are sound and adequate Noted.

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.

Impacts and Monitoring of Wongawiilli SMP approval for Longwall 20 is not being sought by South32 at
Creek - A detailed email from Howard this time. Further assessment is required to be undertaken to
Reed to South32 ( D2020/15623 - DPE support the Longwall 20 SMP Application.

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 iss ue
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raised by DPEis the non - acceptance and
query on the 10% rockbar fracturing model

being used for assessment. This should be

followed up with DPE

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
changes. South32'’s position is that they
have setback LW21 to ensure a 200mm
valley closure is not reached at Wongawilli
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 adaptive
management measure directed to avoiding exceedances of the

performanc e measures for Wongawilli Creek.

There is only one swamp near LW 21 in Area
3C - Denl44 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

— 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 fr  acturing is likely to
occur over the entire longwall layout area
using the 1.5 times panel width

approximation.

Use of Tammetta’'s equation suggests
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.
This is the majority (not ‘some’) of the

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:

« although maximum predicted vertical subsidence decreases
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;

« valley related effects are seen at narrow longwall widths and,

therefore, so are related potential impacts; and

« strains due to the valley related effects would still be suffici ent
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 approximatel y 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 rock bars,

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 exte  nt 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

Longwal Is 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

inappropriate ‘basis’ to consider.

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 def ine 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 significantb  arriers 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:

ICHPLhas 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%) Four water level monitoring sites have been established on

of which lie directly above Longwall 23. WC26 and WC26A; including three water level bench marks and
Swamp Den153 EEC also lies directly above a water level logger near the confluence with Wongawilli Creek.
LW23. None of these have any baseline These sites were established:

water level measurements (or piezometer

X WC26_Channel 4 - 9/10/2020;
monitoring) taken or an identified
monitoring plan tha  t can assess impact X WC26_Pool 14 - 9/10/2020;

(eg BACI design). 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 Sw amp 153, are often unsuitable for establishing

monitoring equipment due to lack of soil depth.

HGEO identify 20 pools in LC5 downstream Five water level monitoring sites have been established on LC5
of Swamp Den09 EEC. Seventeen (85%) of and LC5A, including five water level bench marks and a water
which are in the 600m boundary and level logger near the confluence with Lake Cordeaux. These sites
seven (35%) of these lie directly above were established:

Longwalls 22 & 23.
gw x LC5_Rockbar 11 — 13/08/2021;

HGEO identify 57 pools in LC6, 52 (91%) of
which are within the 600m boundary and
23 (40%) directly above Longwalls 22 & 23. X LC5_Rockbar 7 — 13/08/2021;

x LC5_Pool 13 — 13/0/2021;

None of these pools have any baseline X LC5_S1- 28/03/2019; and
water level measurements taken or an x LC5A_Pool 6 — 13082021.
identified monitoring plan that can assess

impact (eg BACI design). 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 — 03/08/2021;

X LC6_Pool 36 — 03/08/2021,
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X LC6_Pool 16 — 03/08/2021; and
x LC6_Rockbarl — 03/08/2021.

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,

. " . h 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 swam
likely to be impacted by longwalls 22 & 23. ) p‘ Y ) 9 o P P
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
impac t 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 mo  nitoring 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:

“18. 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 soll

moisture and in baseflow down the exit stream; and to prov ide
vertical leakage rates as inputs to groundwater models, in order

to quantif y how much of the leakage is diverted back into the

catchment or elsewhere.”

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
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expected to be minor or negligible. A n 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).

The Independent Advisory Panel for Underground Mining’s
(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) repo rt
(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

impacts to Swamp 15a...

... Nevertheless, the evidence regarding the 60 m threshold
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. Monitoring swamps which are considered “likely” impacted
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.

- Swamp 7 is a large and “complex” valley infill swamp. Note
it is the only swamp considered “complex” in the Longwalls
22 and 23 Study Area. A gauging station has been
established on the exit stream for Swamp 7.

- Swamp 153 is a small and “simple” headwater swamp. A
gauging station is proposed to be installed on the exit

stream for Swamp 153.

- Swamp 144 is a small and “simple” headwater swamp.
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
Groundwater Assessment (Watershed HydroGeo, 2021), and that
this contributes to potential impacts

features.

However, the comments regarding “generally accepted that
panel dimensions such as those proposed cause surface
seam connectivity in parts, if not all, of the extraction area” and

“This is greater or at least comparable to most longwalls above

- 3 of the

to near - surface and surface

-to-

Area 3A and 3B where surface -to- seam connectivity has

occurred” appear to be counter to comments by WaterNSW
(07/07/2021): “it appears that fracturing is not ‘connective’ such
that it leads to rapid migration of water from the surface

3B".

The investigations into the height of fracturing in Area 3A a
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

of disconnected fracturing and/or strata dilation above the
connected fracture zone.

This is not to reject the idea that ‘disconnected’ fracturing (above
the zone of connected fracturing) does not cause environmental
impacts, just that the type and duration of effects, especiall

losses from the surface water catchment, are different.

in Area

nd 3B

zone

y
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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

recommended “adopting a precautionary
approach and basing mine design on
preventing the height of free drainage in
the Special Areas from extending to the
surface or interacting with surf ace fracture

networks”.

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

would ha ve otherwise reported to Sydney’s
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

assessments meet the performance requirements in the

Dendrobium Mine Development Consent (DA 60 -03-2001).

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 setback s 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
the system “The losses referred to in Section 3.2.3 are low
compared to other components of Sydney’s supply and demand,

for exa mple 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
approximately 130 ML/day (Sydney Water, 2018).”

Localised flow losses are clearly evident as a result of longwalls

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
magnitude stated here (5 ML/d) were occurring from Sydney’'s
drinking water catchment, then flow losses of approximately 1
ML/d magnitude should be apparent at Wongawilli Creek gauge

WWL 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 coul d 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 t
catchment within the Metropolitan Special

Area.

he Lake Cordeaux

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 m
a) be submitted to the Secretary for approval by 30 April 200
b) be prepared in consultation with WaterNSW;

c) provide measures that result in a beneficial effect on water
quality, water quantity, aquatic ecosystems and/or ecological

integrity of WaterNSW'’s Special Areas or water catchments.

South32 transferred 33 ha of land adjacent to the Cataract Rive
to WaterNSW to meet the above condition.

ust:

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 ac tive 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 ..regarding swamp offsetting for Area 3C.

Swamp 15A in Area 3A received particular consideration in the
Department’s assessment of Dendrobium Development Consent
Modification 6. As a result, the Consent contains a detailed
performance measure that specifically relates to Swamp 15A.

There is no sim ilar condition imposed on Swamp 7.

The Department state in their reasons for approvals of Longwall
19 SMP:

“It must be noted that this performance measure was not
imposed in order to prevent any impact on Swamp 15a. Pages
22- 24 of the Department’'s Assessment Report for Mod 6 make

this quite clear .”
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Dendrobium Area 3A and consideration
should be given to application of similar

performance measures.

The Area 3C SIMMCP details the monitoring that is in place for
Swamp 7.

Consideration should also be given to
increasing the setback from Wongawilli
Creek and Cordeaux Reservoir to 400 m to
avoid impacts and ensure compliance

with the relevant performance measures
and modifying the mine layout to avoid
directly undermining LC5  and Swamp 7,
and LC6.

Wongawilli Creek is located at minimum distances of 345 m and
320 m from the finishing ends of Longwall 22 and 23, respectively.
The proposed setbacks were determined using the rockbar
impact model, consistent with other longwalls in Areas 3A and 3B

to lim it predicted valley closure to 200 mm across the rockbars of
Wongawilli Creek. The maximum predicted total closure for the
rockbars along Wongawilli Creek within the Study Area occurs on
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 Wongawiilli

Creek performance measure of “minor impacts”.

The Department state in their reasons for approvals of Longwall
19 SMP which has a setback of 175 m from Wongawilli Creek:

“the Department has given careful consideration to the potential
reduction in risk of Type 3 impacts within Wongawilli Creek by
imposing an increase on South32's planned 175 m setback. It
considers that the risk of such impacts is already low (c.8%, based

on MSEC's existing database of similar impacts). It considers that

the available reductions in risk (i.e. 1% or 2%) are not significant in
themselves. Most significantly, it considers that the existing r ate
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
this basis, the Department accepts South32’s proposed setback

of Longwall 19 from Wongawilli Creek of 175 m.”

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 th e 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
groundwate r 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 0.110.36 ML/d. The upper estimate from
the modelling presented in Watershed HydroGeo (2021) (0.36
ML/d) is lower than Dams Safety NSW'’s prescribed tolerable limit
of 1 ML/d. Therefore, the need for further setbacks is not

considered necessary for Long  walls 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 features.

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 ar e
greater th an those defined in the Development Consent or SMP

approvals.
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IEAPM Submission dated 2 July 2024

ICHPL Response

Although Swamps 156 and 157 are covered by
the SBO, it is recommended that an
assessment of ecosystem functionality is
undertaken following mining to assess the
severity of impacts, and to collect data for

modelling and research purposes.

All swamps within 400 m of the longwall are assessed
against relevant TARPs at the time of initial trigger
identification (impact/trigger report) and in further detail in
End of Panel Reports. Assessment of ecosystem functionality
will include Swamps 156 a nd 157 in the specialist reports for
Surface Water and Shallow Groundwater, and Terrestrial

Ecology.

The Panel therefore recommends the following

for South32 - IMC's consideration:

X Detailed mapping of the boundaries of the
swamps and vegetation sub
be undertaken for all impact 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 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 monitoring of total swamp size
and size of groundwater dependent

communities.

starting monitoring of ‘Terrestrial flora
composition and distribution of species’
throughout Area 3C for all swamps within
120 m from longwalls approved and/or

extracted to date.

X South32 - IMC may wish to considerre -

-communities

x  Detailed mapping including the use of LiDAR data to
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 w
added.

ill also be

x  Control/Reference swamps for specific monitoring are
listed in the monitoring program in Appendix A: Table 1.1
of the LW21A SIMMCP. Not all control/reference swamps
are included in each type of monitoring. Further

commentary is provided in the Additional C ontent below.

X Swamp 154 will be included in the monitoring program
for total swamp size and size of groundwater dependent

communities.

x  IMC have considered re - starting the monitoring of

‘Terrestrial flora — composition and distribution of

species’ for swamps within 120 m from longwalls in Area

3C. Transect monitoring of the small Banksia Thicket

swamps (Swamps 9, 144, 153, 154, 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 drier 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 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
sugge st the addition of Swamps 7 and 16 to the
‘Terrestrial flora — composition and distribution of

species’ monitoring program for Area 3.
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The Panel therefore recommends the following
for South32 - IMC's consideration regarding

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.

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 followi

ng for inclusion in a ny SMP approval 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 foll  owing 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

includ ing 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 tha tinclude 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

the ‘more than minor’ impacts are
reported in a timely manner and data are
available for modelling and research

purposes,

x for ‘Ecosystem Function — Minor changes

in the size of the swamp’ be modified to

(Swamps 144, 145, 153, 154 and 155), so that

X  The TARPs in the SIMMCP already include Swamp 9 (as
well as Swamps 144, 145 and 154). It is noted that the
IEAPM Report states, “The Strategic Biodiversity Offset
(SBO) that is in place for all swamps except Swamp 154
negates the need for any management or remedial

actions in the relevant TARPs.” Monitoring of Swamps 7,

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 for ‘Ecosystem Function — Minor changes
in the ecosystem functionality of the
swamp’ be modified to add ‘Area 3C
mining induced hydrological changes
result in:

o 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

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 bas eflow, 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 piezo meters 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 W RL 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
July 2024.

- monthly report in

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 habi tat 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 - degr ee 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 -
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
Management Plan that “where impacts are greater than
predicted or not within approved levels, offset measures will

be considered.”

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
and states that “Collectively, 38.6 km of watercourses have
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
catchments (716 km).”

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.

Itis noted in Section 5.5 of the Longwall 21A Subsidence
Management Plan that “where impacts are greater than
predicted or not within approved levels, offset measures will
be considered.” Furthermore, investigations into the
occupancy of Littlejohn’s tree frog populations across the
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 e€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 21Ais 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 comp lex
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

- Planning:

1. LW21A be redesigned so that it does not
damage overlying swamps and
associated drainage lines. This can be
achieved by narrowing the longwall panel
widths, increasing the pillar widths, and
increasing the distance of mining from
sensitive surface features  (swamps,

streams and Cordeaux Dam).

2. Section 2.3 of the SMP states that“ impact
assessment for the entire DA3 study area
has already been completed in the form

of an SIS (Biosis, 2007), however the
current assessment is required to ensure
that findings of the SIS remain relevant to
LW21A" This assessment is outdated and
does not take account of changes in the
status of species nor the current
understanding of the impacts of mining in
Area 3. The assessment relies on
remediation as a feasible action to
mitigate impacts, however despite eff orts
to undertake remediation within swamps
and streams, there has been no evidence
that it has been or is able to be achieved
satisfactorily. The assessment needs to be
revised accordingly and alternate actions
should be adopted in lieu of the originally
prop osed remediation (eg. alternate mine
design, setbacks from significant features

etc.).

Refer to previous response s provided above .

Revision of the SIS (Biosis, 2007) is not warranted. This
assessment was undertaken as part of a development
consent process for the Dendrobium Mine and is merely
used to inform the 2023 assessment. The relevant
assessment to Longwall 21A is the Terrestria | Ecology
Assessment (Niche, 2023) which is based on current
guidelines and legislation as well as updated field surveys,

data and mapping.

The Terrestrial Ecology Assessment in Section 6 is based on
MSEC, 2023 cumulative subsidence predictions for approved
and proposed longwalls in Area 3C including Longwalls 21, 22,
21A and 23). Survey undertaken as part of the Longwall 21A
SMP is discussed in Section 4.2 and results shown in Figure 5
of the report. The current survey effort included Littlejohn’s
treefrog, giant burrowing frog, red crowned toadlet and giant
dragonfly. Results can be viewed on Figure 5 and in Table 15

of the report.

The report considers “new information regarding predicted
subsidence impacts, the accuracy of previous subsidence
predictions and results from monitoring of impacts to

ecological features and threatened species.”

This is provided in Appendix A of the Longwall 21A Swamp
Impact Monitoring, Management and Contingency Plan
(Appendix 2 of the Longwall 21A SMP). An excerpt is provided
below.

Refer to Section 3 of the Longwall 21A Swamp Impact
Monitoring, Management and Contingency Plan (Appendix 2
of the Longwall 21A SMP).
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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: ) I
Dendrobium Swamp Rehabilitation Research Program.
(@) Cumulative impacts of all mining ) ) o
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, ) ) ) N )
described in Section 6 oft  he Strategic Biodiversity Offset

Littlejohn’s treefrog, giant burrowin . )
) g9 d (October, 2023) available on the IMC website.

frog, red crowned toadlet and the gia nt

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
predict ions.

(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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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

modelling programs should be

Monitoring the hydrogeological balance of representative swam ps with

flow gauges at the downstream exit stream is underway for three

changes in obligate swamp
fauna such as the giant

dragonfly (Petalura gigantea).

designed to: swamps in Area 3C  (Figure 3-1,Section 3.4) including :

a) Provide a hydrological balance X Swamp 7 is a large and “complex” valley infill swamp. Note it is t he
for representative swamps, only swamp considered “complex” in the Longwalls 21to 23 Study
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 Swamp 153 is a small and “simple” headwater swamp. A gauging
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 Swamp 144 is a small and “simple” headwater swamp. A gauging
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 dataset s 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 asse  sses 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 shallo w
groundwater and soil moisture, this is discussed in Sec tion 4.1 of Biosis
Research 2020.

c) Identify the presence of and any As part of the Dendrobium Swamp Rehabilitation and Research Program

(Section 6.6), Giant Dragonfly surveys have been conducted over athree

year period .

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:

a) integrate hydrological and
ecological impact and

consequence assessments

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).

The Dendrobium Annual Terrestrial Ecology Monitoring Program will
incorporate findings from the surface water impact assessments that
are carried out for EOP Reporting to integrate hydrogeological impact S

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 incl uded
and ecological consequences in the Dendrobium Annual Terrestrial Ecology Monitoring Report ( Section
for swamps, rather than having 4.7).
only discrete chapters on each

¢) include results for the entire The Dendrobium Annual Terrestrial Ecology Monitoring Report ( Section

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

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 RESPONSE/RELEVANT SIMMCP SECTION

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.

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). Monitor ingis
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 reporte din

Impact Assessment Reports and EoP Reports ( Section 6.2).

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 ha ve
been determined and identified through robust assessment to have a

higher likelihood of impact. These swamps would have suitable

baselines which can be used to assess mining related impact S.

X To assess possible mining -
related impacts, the proposed
monitoring points in Swamps
144, 145 and 09 should be

installed as soon as possible.

Swamp monitoring  points in 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) (Appendix A).
Paired piezometers and soil moisture probes have been established in
swamps:

X Swamp 9 - piezometer 09_01 was established 07/08/2020.
Swamp 9 - piezometer 09_0 2 was established 0 9/0 6/202 2.

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
the Panel’'s Part 2 Report
(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

cause s of change.

At the Agency Consultation Workshop between ICHPL, WaterNSW, DPE
and BCD on 27 May 2013, there was discussion about the definition of
‘ecosystem functionality’ in relation to subsidence impact p erformance
measures for swamps. The term ‘ecosystem functionality’ is inc luded in
Table 1 of Condition 13 of the 3B SMP Approval. The term is not include d
in the definitions of the Development Consent or SMP Approva l.

At the workshop it was stated that BCD disagrees with the definiti on of
ecosystem function included in the Plans as they consider it is too
simplistic and does not cover shallow groundwater levels. DPEadvised
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 - heath
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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ecosystem functionality to include hydrological changes within the

swamp.
x The shallow groundwater Watershed HydroGeo (2018) assessed impacts against the two agreed
impacts are assessed by ‘fall modes, as in the SIMMCP. Where identification of an impact from those
below baseline’ or change in the two quantifiable measures was unclear, qualitative comparison against
recession rate. However, it is reference site behaviour was also undertaken. Wate rshed HydroGeo
unclear in the analysis by (2018) did not include a change to more frequent falls to baseli ne 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, a s
stream no - flow condition ) and - ) ) L

presented in Figure 43. That provides a means of visualising increase d
brief spiking only after rainfall is . - .

periods of dry or less saturated conditions compared to Reference Sites.

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 headwater soron
valley sides.
In the case of the two example piezometers identified by the IEP, a br ief

summary of the assessment is presented below (note that a piezometer
“05_08" does not exist. It is assumed to be a typographical error, and

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 unlik ely.
Furthermore, the pre - and post - mining behaviour of 01b_01 remained

very similar in character to the reference sites 33_01, 33_03, an d 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 occurre d 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 — Condition 11e, Schedule 3)

PSM (2018)

RESPONSE/RELEVANT SIMMCP SECTION

RECOMMENDATION

The monitoring must be holistic
and conceptualised from

sound models including:
a) Geological;

b) Geotechnical;

c¢) Groundwater; and

d) Surface water.

South32 and consultant experts maintain and manage sophisticated

models for geology, geotechnical, groundwater and surface water.

Mine layouts for Dendrobium Area 3C have been developed using
South32s Integrated Mine Planning Process (IMPP). This process
considers mining and surface impacts when designing mine layouts.
During this process, monitoring programs required to safely, eff iciently
and responsibly operate are developed. South32 and consultant

experts participate in the IMMP ( Section 6.3).

Additionally, the SMP Application
and 23, and Longwall 21A include an independent consultant facilitated

s for Longwalls 20 and 21 , Longwalls 22

risk assessment (Axys 2019 , Axys 2021 and Axys 2022 ) in accordance
with the IEP’s recommendation (2019a). This risk assessment was
attended by experts in the fields of; aquatic ecology, terrestrial e cology,
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 a nd
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).

All the natural and man - made
infrastructure must be
identified, characterised and

the sensitivities identified.

Natural features such as swamps and watercourse are described and
characterised in ~ Section 3 of the SIMMCP and WIMMCP. The sensitivities
of mining to each of these are assessed in the specialist assessments

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 ri sk
s [Axys 2019, 2021 and 20221])
process in accordance with the IEP’s recommendation (2019a).

assessment (Attachment E of the SMP

Potential impacts to these sensitive features are assessed in this ri sk

assessment.

Hence the monitoring program
is objective driven by the
characteristics of the site
conditions and the demands of
the infrastructure that need to

be protected and/or managed.

The Area 3C monitoring program ( Section 3) has been designed for the
natural features located within the Study Area and addresses the
sensitivities of the natural features e.g. swamps have a number of
parameters monitored including observational monitoring, shallow
groundwater, soil moisture, ecosystem function, swamp size and flo ra

composition.
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PSM (2018)

RECOMMENDATION

RESPONSE/RELEVANT SIMMCP SECTION

The monitoring must be
installed early enough to give
an effective baseline.

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 ).

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.

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, particularl y
reference sites are not influenced by interactions between the min ing

areas. This will occur on a periodic basis as de tailed in Section 8.5.

Cumulative effects from mining areas is addressed in the specialis t
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 in to
consideration and an alternate site may be established where

appropriate ( Section 8.5).

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 a re 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.
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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 (202 1), 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.

9. The monitoring program must
be flexible and may require a
number of cycles of design in
order to ensure all the aspects
of the “complex system” are

captured.

A review of the objectives and targets associated with the Dendrobiu m
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 ICHPLSubsidence 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 rev iews 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) - Method of Analysis of impacts on Swamp Hydrology
(SMP Approval, Condition 11f, Schedule 3)

IEP RECOMMENDATION RESPONSE

4. The method of analysis of impacts on As set - out in previous documentation, two hydrological impacts

swamp hydrology developed in response on swamp water tables are defined as:

to IEPMC recommendations should be . .

1) Water level falls to below the pre - mining baseline

included in the Swamp Impact Monitoring L ) .
(minimum) level following mining.

Management and Contingency Plan

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 be  haviour 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 t he
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 cont  ext 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 — Area 3C Swamp Monitoring and Reference Sites




AppendixC -Area3CMonitoring and ReferenceSites(Dataasof 31 October2025)

eriaiG Ste (5 BsiaT A Monitoring Start Monitoring 1 I Easti Northi
onitorin e ata e rea . ongwal astin ortnin
9 yp Date CompletionDate 9 9 9
Impact Monitoring
06 01 Groundyvate_rlevet and DendrobiumArea 3c to be installed* LW26
— soil moisture
Groundwaterlevel; and . 15/07/2015(GW) .
07_05 soil moisture Dendrobium Area 3c 12/06/2021(SM) ongoing LW23 292444.0 6194752.0
} 3/07/2015 (GW)
07_06 Groundwaterlevel; and . . 292499.0 6195013.0
soil moisture Dendrobium Area 3c 12/06/2021 (SM) ongoing Lw23
) 1/07/2022(GW)
07_07 Groundwaterlevel; and : . 292418.0 6194701.0
soil moisture DendrobiumArea 3c 13/09/2022 (SM) ongoing Lw23
) 7/08/2020 (GW)
09 01 Groundwaterlevel and | oy ohiimArea3e | 10/08/2021 (SM) ongoing LW21a 2922050 | 6194035.0
soil moisture
. 9/06/2022 (GW)
09_02 Groundyvate_rlevel, and Dendrobium Area 3c 28/03/2022 (SM) ongoing LW21la 2922000 6194204.0
soil moisture
) 13/02/2024(GW)
16_01 Groundwaterlevel, and | o ohiimAreade | 31/01/2024 (SM) ongoing LW21a 2935100 | 6193509.0
soil moisture
} 13/02/2024(GW)
16 03 Groundwaterlevel and | o yroniumArea3c | 15/02/2024 (SM) ongoing Lw21a 293386.0 | 6193451.0
soil moisture
140 01 Groundylvate_rlevel; and Dendrobium Area 3c to be installed? Not mined beneath
soil moisture mining area LW23
141 01 Groundylvate_rlevel; and Dendrobium Area 3c to be installed! Not mined beneath
soil moisture mining area LW23
144 01 Gm“”dff’ate.r level; and Dendrobium Area 3c 28//08//2020(6\’\') ongoing Not mined beneath|  291562.0 6193927.0
soil moisture 27/08/2020 (SM) mining area LW2]
145 01 Groundylvate_rlevel; and Dendrobium Area 3c fé}ggggg{eg\a ongoing Not mined beneath|  >92099.0 6193786.0
soil moisture (SM) mining areaLW21a
152_01 Groundwaterlevel; and Dendrobium Area 3c to be installed? Not mined beneath
soil moisture mining area LW23
- 9/06/2022 (GW,
153 01 Groundwaterlevel; and Dendrobium Area 3¢ (GW) LW23 291171.0 6195186.0

soil moisture

27/09/2022 (SM)

ongoing




Groundwaterlevel; and

11/11/2022(GW)

Not mined beneath

154 01 . . Dendrobium Area 3c ongoing 293358.0 6194537.0
soil moisture 13/09/2022 (SM) miningarea LW22, 2
Groundwaterlevel; and . 2/02/2024(GW) . Not mined b h
155 01 S Dendrobium Area 3c ongoin ot mined beneat
— soil moisture 12/01/2024 (SM) going mining area Lw2{ 2937630 | 6104240.0
. 2/02/2024(GW)
156_01 Groundwaterlevel; and . .
— ’ 293497.0 6193928.000
soil moisture Dendrobium Area 3c 24/01/2024 (SM) ongoing LW21la
. 16/02/2024(GW)
157_01 Groundwaterlevel; and i - 292767.0 6193834.0
soil moisture Dendrobium Area 3c 15/02/2024 (SM) ongoing LW21la . .
158_01 Groundwaterlevel; and Dendrobium Area 3c to be installe¢t | N0t Mined beneath
soil moisture mining area LW24
Reference Monitoring
. 11/08/2015 (GW)
22 01 Groundwaterlevel; and ; i 292800 6188138
soil moisture Reference Swamps 15/07/2018 SM) ongoing Not mined beneath
22 02 Groundwater level Reference Swamps 11/08/2015 ongoing Not mined beneath 293186 6188170
. 10/11/2022(GW)
24 01 Groundwaterlevel; and Reference Swamps | 13/12/2022 (SM) ongoing Not mined beneathl ~ 292208 6187666
soil moisture
. 30/07/2009(GW)
25 01 Groundwaterlevel; and Reference Swamps | 3/04/2023 (SM) ongoing Not mined beneathl ~ 292451 6190414
soil moisture
. 13/08/2015(GW)
3301 Groundwaterlevel; and Reference Swamps | 30/06/2023(SM) ongoing Not mined beneatl ~ 291948 6190939
soil moisture
. 13/08/2015(GW)
3303 Groundwaterlevel; and Reference Swamps | 30/06/2023(SW) ongoing Not mined beneatll ~ 291669 6191270
soil moisture
. 3/07/2015(GW)
84 01 Groundwaterlevel; and ; i 294101 6192112
soil moisture Reference Swamps 5/07/2023(SM) ongoing Not mined beneath
. 26/06/2015(GW)
85 _01 Groundwaterlevel; and ; i 288040 6195000
soil moisture Reference Swamps 7/07/2023(SM) ongoing Not mined beneath
. 26/06/2015GW)
85_02 Groundwaterlevel; and Reference Swamps | 7/07/2023(SM) ongoing Not mined beneathl ~ 288141 6195011
soil moisture
. 26/05/2017(GW)
85_03 Groundwaterlevel; and Reference Swamps |  14/07/2017(SM) ongoing Not mined beneat ~ 288222 6195022
soil moisture
. 26/06/2015(GW)
86_01 Groundwaterlevel; and Reference Swamps |  22/09/2023(SM) ongoing Not mined beneathl ~ 286625 6196839
soil moisture
. 26/06/2015(GW)
86_02 Grouggriggf&g* and Reference Swamps | 22/09/2023(SM) ongoing Not mined beneathl ~ 286536 6196553




. 15/06/2017(GW)
Groundwaterlevel; and . .
86_03 soil moisture Reference Swamps |  24/07/2017(SM) ongoing Not mined beneath 286535 6196653
. 8/07/2015(GW)
Groundwaterlevel; and . .
87_01 soil moisture Reference Swamps 7/03/2023(SM) ongoing Not mined beneath 290859 6180953
. 8/07/2015(GW)
Groundwaterlevel; and . .
87_02 soil moisture Reference Swamps 8/05/2016 (SM) ongoing Not mined beneath 290881 6181182
. 8/07/2015(GW)
Groundwaterlevel; and . .
88_01 soil moisture Reference Swamps 7/03/2023(SM) ongoing Not mined beneath 289221 6180109
: 24/08/2015(GW)
Groundwaterlevel; and . .
88_02 soil moisture Reference Swamps |  25/11/2022(SM) ongoing Not mined beneath 289368 6180463
131 01 Groundwaterlevel; and . .
— . . Reference Swamps to be installed Not mined beneatl
soil moisture

1 Sites to be installed are pending approval by the Land owner Water NSW rsoggiReview of Environmental Factors submitte®eptember 2025 (Niche
25/09/2025,Environmental Monitoring: Longwalls 21A andZ8} Review of Environmental Faclors



	1 Introduction
	1.1 Project Background
	1.2 Scope
	1.3 Study Area
	1.4 Objectives
	1.5 Consultation
	1.5.1 Longwall 21 SMP Approval
	1.5.2 Longwalls 22 and 23 SMP Approval
	1.5.3 Longwall 21A SMP Approval
	1.5.4 Longwalls 24 to 29 SMP


	2 Plan Requirements
	2.1 Dendrobium Development Consent
	2.2 Subsidence Management Plan Approval
	2.2.1 Area 3C SMP Approval – Modifications

	2.3 Leases and Licences

	3 Monitoring
	3.1 Area 3C Swamps
	3.1.1 Reference Swamps

	3.2 Dendrobium Survey Monitoring Program
	3.3 Observational and Photo Point Monitoring
	3.4 Swamp Hydrological Balance
	3.5 Water Quality and Chemistry
	3.6 Groundwater
	3.7 Surface Water Flows and Pool Water Levels
	3.7.1 Significant Pools within Swamps

	3.8 Near-Surface Groundwater and Soil Moisture
	3.9 Pools and Controlling Rockbars
	3.10 Slopes and Gradients
	3.11 Erodibility
	3.12 Flora and Fauna
	3.12.1 Swamp Size
	3.12.2 Flora – Composition and Distribution of Species
	3.12.3 Fauna

	3.13 Ecosystem Functionality
	3.14 Reporting

	4 Performance Measures and Indicators
	4.1 Impact Mechanisms
	4.2 Potential for Connectivity to the Mine Workings
	4.3 Potential for Fracturing Beneath the Swamps
	4.4 Potential for Erosion Within the Swamps
	4.5 Potential for Vegetation Changes Within the Swamps
	4.6 Potential for changes to Ecosystem Functionality
	4.7 Achievement of Performance Measures

	5 Predicted Impacts to Upland Swamps
	5.1 Description of Upland Swamps Within the Longwalls 24 to 29 Study Area
	5.2 Subsidence Predictions
	5.3 Impact Assessment
	5.3.1 Potential for changes in surface water flows due to the mining-induced tilts
	5.3.2 Potential for cracking in Upland Swamps and fracturing of bedrock
	5.3.3 Potential changes to Upland Swamp Hydrology
	5.3.4 Potential impacts on Upland Swamp Ecology
	5.3.4.1 Potential Impacts to Threatened Flora
	5.3.4.2 Potential Impacts to Fauna
	5.3.4.3 Potential Impacts to Threatened Fauna



	6 Management and Contingency Plan
	6.1 Objectives
	6.2 Trigger Action Response Plan
	6.3 Avoiding and Minimising
	6.4 Mitigation and Rehabilitation
	6.4.1 Sealing of Rock Fractures
	6.4.2 Injection Grouting
	6.4.3 Erosion Control
	6.4.4 Water Spreading
	6.4.5 Alternative Remediation Approaches
	6.4.6 Monitoring Remediation Success

	6.5 Biodiversity Offset Strategy
	6.6 Research
	6.7 Contingency and Response Plan

	7 Incidents, Complaints, Exceedances and Non-Conformances
	7.1 Incidents
	7.2 Complaints Handling
	7.3 Non-Conformance Protocol

	8 Plan Administration
	8.1 Roles and Responsibilities
	8.2 Resources Required
	8.3 Training
	8.4 Record Keeping and Control
	8.5 Management Plan Review


