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https://maulescreek.org/video-pit-pump-footage-from-10-6-2018-flyover/
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Maules Creek Continuation Project Independent Third -Party Review

Prepared for

Maules Creek Community Council

1. Introduction

This report provides a thiadty peer review of the groundwater impact assessment (GIA) and associated modelli
theMaules Creek Continuation P(teddoject).The Maules Creek Coal Mine (MCCM) is an approved open cut
mine located in the Gunnedah Basin, approximately 17 kilometresa@tnof Bodglyabri, within the Narrabri Shire
Local Government Area (LGA) in New South Wales (NSW).

TheMCCMs an existing open cut coal mine in the Gunnedah Basin and has been opéragnygismceladared
adjacent to the Boggabri Coal Mine and the Tarrawonga Coal Mine. Mining at the MCCM is approved until D
2034 at a rate of up to 13 million tonnes per annum (MipayobSES to extend the approved open cut mining
operatioandequires additional approvals to do sothdBnoctequiresn environmental impact statement (EIS)

to be prepared

The GIA h&®en prepared by Australasian Groundwater and Environmental Consultants PéyHiteh@@Eg) for
CoalPty Ltd.The GIA considedthe potential impacts of expanding the open cut pit and the associated changes t
groundwater system jotsgure.

The elements of the project that are relevant to the GIA are:

f continuation of open cut operations within Coal Lease (CL) 375, Mining Lease 1719 and Authorisation
allow mining and processing of additional coal reserves until December 2044;

extraction of 117 million tonnes edfronine (ROM) coal (in addition to the approved MCCM coal resource);

extraction of up to 14 Mtpa of ROM coal (i.e., a 1 Mtpa increase from the currently approved maximum
coal mining rate of 13 Mtpa)

It is understood that the Maules Creek Community Council are concerned about how the current approved m
the proposed continuation of mining at Maules Creek Coal Mine (and the cumulative impact of mining) has and
groundwater resouraabtae environment in the region.

This report provides independettiird-party review of théaules Creek Continuation Pi@jécand associated
numerical modellinthe scope also includes a review of the existing Maules Creek Groundwater Managemer
(GMP) including an assessment of suitability of the monitoring locations and program, current triggers and
The GMP is currently included with the Maules Creek Water Management Plan (WMP).

Thisindependeittirdparty peer review has been conducted by Daniel Barclay, Director and Principal Hydrogeo
and Andrew MacdonRldhcipal Hydrogeologistydrogeologist.com.au.

Daniel holds a BSc (Hons) in Applied Science and is a Member of the International Association of Hydrogeologis
He has more than 26 years professional experience undertaking groundwater assessments in the Australia
sector. Daniel isawpropriately qualified person having the necessary experience and qualifications for the pury
undertaking tivedependetitird-party peer revied.CV for Daniel Barclay is providgthechment éf this report.

Andrew is a Hydrogeologist with 19gg@@sence in a wide range of groundwater projects in Australia. He speciali
in the evaluation and management of groundwater resources across a number of industry sectors including mini
and construction. He has additional expertise in mining hydrogeology, project management, conceptualisation ar
assessments, risk and impact assessments, aquifer testing and characterisation, groundwater monitoring netv
andmnalytical analy#\sCV fo Andrew Macdonadprovided ittachment éf this report.
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2.

Documentation

Theindependetttird-party peer review is based on the followirgy report

f

f
f
f

Maules Creek Continuation Project Groundwater Impact AAGESSAOE23 May 2025.
Maules Cre€loal Mingvater Management Plan. Whitehave24Bmich 226
Maules Creek Coal Project Groundwater Impact Agsedsn2éitl Project Number G1508. June 2011.

BoggabriTarrawonga, Mau@sek Complex Groundwater Model Updale 2021)Project Number
G1850P. December 2021.

Pacific Coal 19&2eological report on relinquished portion of E.P. No.4. Pacific Coaly P&piuaried.
1982.

TheMaules Creek Continuation Project Groundwater Impact A8&Es2@2hincludes the following major
sections:

f

f
f
f

—~

~N ~h ~ —s

Section ZIntroduction
Section 20bjectives asdope of wark
Section 3Regulatory framework

Section 4 Project setting, including location, topography and drainage, climate, land use, surrounding n
operations, surface water, flow gauging, water quality. objectives

Section 8 Geology describing regional setting and stratigraphy, local geology, faults and dykes
Section 8 Groundwater monitoring networks

Section 2 Hydrogeology and groundwater regime including hydrostratigraphic units, hydraulic parame
geological structures, recharge, water levels and flow directions, alluvial connectivity to coal measures
water connectivity to groundwater, discgewmgadwater quality, groundwater dependent ecosystems,
groundwater users and conceptual model

Section 8 Numerical model
Section 9Impact assessment
Section 18Mitigation, managementraoditoring

Section 12References.

TheAGE (2025port appendices include:

~N ~ ~ ~h ~ ~n ~ —

Appendix AWater access licences and bore.licences
Appendix BMonitoring network construction details
Appendix €EMonitoring network installation report
Appendix BWater supply bore census records
Appendix EBack Creek ecohydrological data review
Appendix FGroundwater modelling technical report
Appendix GPeer review

Appendix HAquifer Interference Assessment Framework Form
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3. Methodology

The purpose of timdependent thipdrty revievs to determine whether:

f the groundwater model and impact assessment developed by AGE is based on an appropriate conceptt
the groundwater regime, that it is hydrogeologically soforpangofie for assessing groundwater impacts
in the region, and provides Bugtabclusions and recommengdatidns

[ the GMP developed by Whitehaven Coal is a suitable document to manage and mitigate the current :
groundwater impacts and proposed impact from the Maules Creek Continuation Project.

There are no standard procedures for undedaergiettird-party reviews for groundwater impact assessments.
The Australian Groundwater Modelling Guidelines (AGMG) were developeidab(@BaPe#nd for some time

have been considered the most appropriate document to use for the assessment of suitability of conceptual g
models and numerical groundwater models. The AGMG provide a series of review checklists far tagser reviewel
checklists have been used to informathiktgwif the conceptual and numerical froeleéview checklists include

a compliance checklist (see Falbd¢ the AGMG), and a detailed review checHKiablés@ of the AGMG).

The detailed review checklist is broken up into eight categories as follows:

f Planning;
Conceptualisation;
Design and construction;
Calibration and sensitivity;

Uncertainty;
Solute transport ; and

f
f
f
f Prediction;
f
f
f

Surface watgroundwater interaction.

The AGMG also provides a confidence level classification system for key criteria and indicators such as data,
and predictions. The model confidence level classification describes three classifications (one to thireg), with Cla
to asimple model and Class 3 referring to a more complex model. The classification levels relate to the project &
objectives and the intended use of the groundwater model.

The Independent Expert Scientific Committee (IESC) released the Information Guidelines Explanatory Note: Ur
analysis for groundwater modelling in 2023. Within this Explanatory Note, thedg&dg20dafidence level
classification outlined in the AGMG as redundant, recommending that the confidence level classification not be L
the review process. THESOD QD W R U\ 1R W [it-far-purpBseVadsEsgvitdnt of\akgibwhdwiter model and
XQFHUWDLQW\ DQDO\WLYV ZLOO EH KLJKO\ FRQWH[W VSHFLILF DQGC
TheExplanatory Note (IESC, 2023) is not a formal guideline, and the intended use of the Explanatory No
complement the AGMG.

In the absence of an alternative, and for the purpasespaftiestiird party review, the AGMG detailed review
checklist has been useddaetdiied in Sectibn

After the review of {G#A the existing WMPageviewed to ensure the monitoring locations and program, current
triggers and actions are appropriate to monitor key risk areas and receptors identi@®8 as part of the

1 Peeters LIJM and Middlemis H (2023) Information Guidelines Explanatory Note: Uncertainty analysis for groundwater mo
A report prepared for the Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mininglzebejogrmeanthrough
of Climate Change, Energy, the Environment and Water, Commonwealth of. Australia 2023
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4. Checklist

Tablel-1summarises the outcome of the model review checklist (adteal &8ttt There are a number of items
in the model review checklist that are not relevant, and these have been described as not applicable (N/A). Com
discussion on the report, data and numerical prodeeden Sectin
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Table4-1

Model review checklist (after Barnettet al, 2012)

Review questions Yes/No Comment
1. Planning
Section @finedhe objective of BA was to assess the types of impacts, the likelihood of impacts, and
1.1 Are the project objectives stated? Y of risk to the groundwatdated quantities of interest posed by the Project to support the regulatakynt
process.
1.2 Are the model objectives stated? Y Appendix F F4 including four specific objectives.
1.3 Is it clear how the model will contribute to meeting the project ¢ Y Appendix F Fdcluding four specifiionales
é;}elstiseigoundwater model the best option to address the projec Y Best option given complexity of the aatitige history of BTM groundwater modél® Kince
1.5 Is the target model confidemekclassification stated and justified N Not listed.
1.6 Are the planned limitations and exclusions of the model stated’ Y The limitatiorend assumpti@ms describedAppendix F F5.
2. Conceptualisation
Nospecifititerature reviesectiomas been documented in the EIS Groundwater Impact Kssesueestoo
2.1 Has a literature review been completed, including examinati v numerous BTM groundwater models have been completed since B¥ditny AGElydraulic Paramete
investigation collated information sourced from the previous BTM Complex model updates.
Appendix Fsts theistory of BTM groundwater model<26ih@e
2.2 Is the aquifer system adequately described? Y The aquifer system is adequately described.
2.2.1 hydrostratigraphy including aquifer type (porous, fractured ro v Section 7 describes the local stratigraphy and hydro stratigfephiadenjtsately describes the cover st
and basement rocks.
2.2.2 lateral extent, boundaries and significant internal features suc v Section 7.&xt describes tbeal stratigraphy can be broadly classified into four distinct hydrostraitigitag

regional folds

table belowsection 7.2.4 text describegéological structures are dismnddisted below.
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Review questions

Yes/No

Comment

2.2.3 aquifer geometry including layer elevations and thicknesses

Details on the composition, extent and thickness of these hydrostratigraphic units are discussed in
No specific structure contours or isopach maps in the report.

Aquifer geometry is shown in Figure 5.8

AGE (2025)ection 5.2.4 Permian Maules Creek Formati@astatbelow the Braymont seam onlap on
volcanics immediately to the north and west of MCCM, while the Braymont seam and those abov
Thornfield) potentially subcrop beneath the Maules Creek alluvium.

AGE (2025) Sectif®.1 Regional and local conceptual mod€hsetatestment and the implementation ¢
connectivity between Maules Creek alluvium and subcropping coal seams, and the role of theatrea#
for lateral groundwater flow from the alluvium is furtApperpliaifred in

AGE (2025) AppenBB 2 Limitations stafee Narrabri alluvium is laterally connected to Permian weatt
the Gunned#ivium is laterally disconnected, limiting flow to the vertical diercppethcoagsearms. Th
with the current conceptual model of the system, which assumes that weathered regolith is thelypie
flov from the alluvium.

There iminimainformation, data or description provided to sugpmdeépéthat the Gunnetlahumislaterally
disconnectetudimiting flow to the vertical direction throughicpged coal seafmsther discussion on th
provided in Section 5.1 of this report.

AGE (2025 ection 5.26 statesBoggabri volcanics outcrop to the west of the MCCM, and the eastern
steeply to the east with coal seams stratigraphically lower than the Jeralong seam onlappinghdh&
vicinity of the MCCM.

Further to the above, Figure 5.10 provides the structure contours for the top of the Bolydstomkiobea
the source datasetHimtayer Further discussion on this is provided in Section 5.1 of this report.
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Review questions

Yes/No

Comment

2.2.4 confined or unconfined flow and the variation of these conditi

and time? Y Section 7.4 Water levels, hydraulic gradients and flowedireetsonilbes the flow conditions in each HSL

2.3 Have data on groundwater stresses been collected and analys v Sectlon 7.5 Dlschaﬂgecrlbe§ gro.undwater stresses inmlundpigg via stock, domestic and irrigatioaniok
interception of groundwater in mining areas
Section 7.3 text discusses use of several methods to estimate rainfall recharge, including a soil mois
mass balance (CMB), and water table fluctuation.
Sectiofi.4.6 Surface water connectivity to grourstatatlots indicate that Maules Creek only gains fro
during groundwater level peaks, which are-gene(atiyeshbed elevations sourced from the 5 m NSW

231 rech ¢ infall. irrioation. floods. lak v Most of the time, data shows that surface water ig &estitoantserlyin

5.1 recharge from raintafl, imgation, 1l00ds, fakes Sectiofi.4.7provides text on thetationship between change in water levels, mining and climate.

Section 7.8.1 Groundwalependent ecosyststae£onceptually, there are limited, ephemeral surface
the local area that have the potential to bggiingd®@atesrvations and recent studies by Crosbie et al.
most surface water features rechargg grewmtleaten systems during flow periods.
There is adhonstration cbnnectiobetween surface waters and groundwaters.

2.3.2 river or lake stage heights Y Description of surface water festpresideith Section 4Tbpography and draiaageSection 4.6 Surface W
Section 7.5 Discharge disqusseing via stock, domestic and irrigation bores

. Local bore census is available and search of registered bores in public database.

2.3.3 groundwater usage (pumping, returns etc) Y i ; )
A field hydrocensus in a 15 km radius of the BTM complex was conducted between 2023 ani
groundwater users within the predicted zone of influence.of the mine

2.3.4 evapotranspiration Y Section 7.5 Discharge discusses evapotranspiratimoied deapan vegetation stands

2.3.5 other? N

2 4Have groundwatevel observati n collected and andlysed v Sect_lo_n 7.4 Water levels, hydr_aullc gradients and flow. @recinoivgater level data is availableGfdh
providind 9years of representative data.

2.4.1 selection of representative bore hydrographs v Section 7.describesater levels, hydraulic gradients and flow difdctioe®us hydrographs are present

discussed for each HSU and in relation to different processes.
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Review questions

Yes/No

Comment

2.4.2 comparison of hydrographs

Y

Hydrographs are stacked and compared based on spatial layout and for representative cover sequt

2.4.3 effect of stresses on hydrographs

Sectiofi.4describesater levels, hydraulic gradients and flow daedtiongdes detail on influence of minir
site infrastructure on groundwater level behaviour.

Section 7.4s2ateSpen cut mining at the MCCM is causing groundwater within the surrounding Perm
cut pit, leading to depressurisation of groundwater within the surrounding Permian bedrock strata.
Section 7.4.5 stakésltilevel monitoring that extends through both the alluvium and the coal measu
within the vicinity of the Progset.are:

Thornfield Crossidgnonitored by REG02 and GW041027, located upstream along the south bank o
possibly within fault zone material.

Green Gully monitored by REG01 and GW967138, locatawrtbeast of the MCCM, along the north t
Maules Creek.

There are no mi#ivel monitoring bores available Mathles Creek alluviamd theub crggngcoal seams
support the conceptualisation.

2.4.4 watertable maps/piezometric surfaces?

See Figur@s8 Quaternary alluvium water table and 7.18 Boggabri volcanicsRigates 3ablkend 9.7 sho
depth to water table maps.

The extents are different for the Figures 7.8 Quaternary alluvium water table and 7.18 Boggabri vol

The Boggabri volcanics water table figure extends to Beitlo€sawkxtend north wovettheMaules Cree
areaTheBoggabri Volcanics are stoosuibbonpin this arean Figure 5.8

2.4.5 If relevant, are density and barometric effects taken into ac
interpretation of groundwater head and flow data?

Section Fb Assumptiostate§roundwater in the model domain is represegitaskaftuidsivitieconstant der
continuous porous medium.

Barometric effects arespeicifietbr groundwater head and flow data.

2.5 Have flow observations been collected and analysed?

Appendix F8.7 Mine inflogtateé\ccounting for all groundwater taken directly or indirectly from grounc

Figure F 72 to Figure F 74 show the estimated annual volume of groundwater directly intercepted by
Complex within each mining area

2.5.1 baseflow in rivers

Section 7.4.6 Surface water connectivity to grostate®lets indicate that Maules Creek only gains fra
during groundwater level peaks, which are-gemerally short

Section 7.5 Dischastgeslischarge baseflow to Namoi River and in some areas of ephemeral creek
Namoi River).

The report does not discuss in Section 7.5 baseflow at Maules Creek or Back Creek. But does acknc
7.9.2 as a potential risk. The bafefiotiese systems is excluded from the Section 7.6 Water balance
Section 7.9.2 Ebygdrological conceptual nadglthe potential risks the Project poses to environmenta
within the Maules Creek alluvial aquifer. These risks weria idhentiigatt asduced baseflow at Maules C
Creek and Namoi River.
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Review questions Yes/No

Comment

Section 8 Numerical motleé model has 34 layers and comprises up to 18,920 cells per layer, makir
complex mdsigdtems stresses represented by the model includes flow of groundwater to ephemeral
table intersects the creek bed, including Maules Creek.

Section 9.3.3 Elfin Crosdnging La Nifia events, and for relatively short periods, the water table car
and contribute baseflow to Maules Creek.

The conceptualisation and modelmapstrataconnection between surface waters and groundwaters.

Section 7.8.1 Groundwaliependent ecosyststaied here are 21 groundwater springs identified within
catchment. The closest spring to the MCCM is approximately 20 km east of the Namoi River dradda.

Diffuse dischaigenotiscusseBiffuse recharge is discissadainfaltvents, losing conditions from creel
river reaches, and groundwater connectivity through the eastern thrust fault system.

2.5.2 discharge in springs Y
2.5.3 location of diffuse discharge areas? N
2.6 Is the measurement error or data uncertainty reported? Y

Appendix F7.3 Calibration targettte¥ he measurement error for the VWPs is considered potentially
monitoring bores and possibly in the range of BBgpit the potential for larger measurement errors
when used with caution, it remains a useful additional dataset for understanding the groundweggom
of the numerical model, provided that theuleseneedjgsesre considered concejdbsallytasdiyadaulic hea
weighted less than temporal differences to focus on matching depressurisation trends. Weights
hydraulic heads contributed approximately a third of the starting total obitirad doraiinpahednefitir ds
for the temporal differences.

This measurement emaybeonsidered significamd is likely to affect the conceptualisation of the.gybt
the Permian strata has an upward /downward gradient when compared to shallow aquifers

Appendix F7.3.1 Water level history matskaned he structural error incurred from the explicit represer
seam and interburden units may be very large. The model assumes that coal seams exist whibenp
Seams are also assumed not to existei§shisitebicthan 0.5 m. Interpolation between points and ext
convex hull of those points governs the continuity and thickness of the coal seam layers.rfberdeo
seam elevation and thickag=sst isegnethe mines but reduces significantly further from them. Conseque
potential for error in the elevations and thickness of coal seams with distance from the mines.

This structural ermiaybe considesghificargnd is likely to affect the conceptualisation of the system a
is represented in the numerical model

2.6.1 measurement error for directly measured quantities (e.g. t

Data gality contralr assurance steps are not discussed.
Section 7.4.2 statbslrographs within the weathered zone in the Boggabri volcanics and Maules Cr

level, concentration, flows) response to rainfall recharge and no obvious depressurisation associated with mining. WOL2dase
time; howevelryiaweof available data suggests this is a measurement error.
2.6.2 spatial variability/heterogeneity of parameters Y Spatial variability and heteroghaedeen addressed through pilot points and uncertainty.
. . . . . The estimated values for pilot points were interpolated across the model domain in each layer us
?
2.6.3 interpolation algorithm(s) and uncertainty of gridded data~ Y through PLPROC (Watermark Numerical Computing, 2023).
2.7 Have consistent data units and geometric datum been used? Y All units are consistent.
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Review questions

Yes/No

Comment

2.8 Is there a clear description of the conceptual model?

Y

The conceptual model is described inS@dtlowever there are potential discrepancies or alternatives
presented.

2.8.1 Is there a graphical representation of the conceptual model?

Y

The conceptual model is providiégureg.46 to 7.5GHowever Itere are data or informatiormgapss raise th
possibility of alternative conceptualishtisris evident in:

Figure 7AHydrogeological conceptualigaiolisplays uncertainty in weathered regolith thicknesse
REG16 and does not clearly define the connection between the alluvium and subcropping coal s
appears to exceed 50 m in thickness, and there is no distinction cowsegzeatieenstine Narrabri Form:
and the Gunnedah Formadthia.conceptualisation is inconsistent with other figures and text in Sectior

Figure 7.4Blydrogeological conceptualidationDoes not include any groundwater bores within the ¢
model. This limits the ability to validate interpreted water levels and lithological boundaries. The vc
appears disconnected from the weathered zone towards the allansncdntimeous towards the MCCI
As with SectiorrE: W KH D O O X ¥LiX thickhegsd] &h@ N separation is depicted between the |
Gunnedaformations. The alluvial water table is shown as hydraulically disconnected from the Pert
weathered zorihis conceptualisation is inconsistent with other figures and text in Section 7.
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Review questions Yes/No Comment

Figure 79IHydrogeological conceptualigaBoBhows limited groundwater bores penetrating the full th
the alluvium. This reduces confidence in interpreted stratigraphy and connectivity. The data sourt
Volcanics is unknown and is represented as steeply dipping wighceabsempps. The regolith layer thii
REG16with water levels in the alluvium and Braymonhseaquatibriumpotentially indicatithg location ¢
a hydraulic connection between the alluvium and the underlying fresh P&msacostepaualisatior
inconsistent with other figures and text in Section 7.

The main hydrostratigraphic units and conceptual modehaslenherts presenteatitherdata and betts

2.8.2 Is the conceptual model based on all available, relevant data Y . i
presentatiomould improve the conceptual model.

2.9 Is the conceptual model consistent with the model objective: The conceptual mantelld be further refined todresistent with the model objectives. Confidence level cli
model confidence level classification? is noconsiderelevant.
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Review questions

Yes/No

Comment

2.9.1 Are the relevant processes identified?

Relevant processes are ideluifaty

Section 7.9.1 Hydrogeological conceptusédctioss stafié® treatment and the implementation of the late
between Maules Creek alluvium and subcropping coal seams, and the role of the weathered agadi
groundwater flow from the alluvium is furtherppqudirgd in A

Ths statement is notrectand theescription cannot be found or explained in Appendix F.

Appendix F stafdse BTM Complex model incorporates two layers to represent the full thickness of th
the Narrabri alluvium, and Layer 2 being the Gunnedah alluvium. The Narrabri alluvium is lateradied
regolith, Vidathe Gunnedah Alluvium is laterally disconnected, limiting flow to the verticed pired taakise
This aligns with the current conceptual model of the system, which assumes that weathered retgalit
groundwater flow from the alluvium.

There is a lack of information or descriptiontheaveathered regoliteingthe primary pathway for lat
groundwater flow from the alluvNadata or informati@presented to suppibie Narrabfrormation bein
laterally connected to Permian weathered regolith, while theFGumagola@hlaterally disconnected, lim
flow to the vertical direction throughrspped coal seams.

Data or informatias required to update the conceptual anddaétails iFeble 7.1Hydrostratigraphic un
Regolith/ Weathered zoaghere is limited information on hydraulic parameters and water quality.

2.9.2 Is justification provided for omission or simplification of proce

There is a lack of information or description around weatherbéimgti@itprimary pathway for lat
groundwater flow from the alluvium.

There is a lack of information or descriptioriterdiundimbeindaterally disconnected, limiting flow to the v
direction through stiopped coal seams.

2.10 Have alternative conceptual models been investigated?

Conceptual model has been developed incrementally obvet ldasdsesn changed with thevéaesh of th
BTMnumerical mod&ee Sectibrof this report for further discussion on this issue.

3.Design and construction

3.1 Is the design consistent with the conceptual model?

The key processes identified in the conceptual model are represented in the riliresscaincaasstencic
that aréisted below:

Thehydrogeological conceptualisigmmibe2otential connections between MCCM and the alluvial grou
north of MCCM where coal seams sub crop beneatiltiviuMallata@wdknce suggests that this conn
driven by downward hydraulic gradients from the alluvium to the éeahsdapresStwisatimmyof targeted
may eventually propagate along seams and indoearehbariced giadients, potentially triggering dec
levels across Maules Creek alluvium.

The information above conflicts with the numericAppertitik F which stdties BTM Complex model inc
two layers to represent the full thickness of the alluvium, with Layer 1 being the Narrabri alluvineda
alluvium. The Narrabri alluvium is laterally connected to Permian wieather&lmnegalith, Allavium is
disconnected, limiting flow to the vertical directioroppedgoauteams. This aligns with the current cc
the system, which assumes that weathered regolith is the prahgrguatinater fitmateom the alluvium.

There is a lack of information or desdoptioeconceptual model regarttie@bove processes.
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The BTM Complex maalstincorporates two layers to represent the full thickness of the alluvium, with
the Narrabri alluvium, and Layer 2 being the Gunnedafifaditevismminimal information provided to supf
NarrabrFormatiofs laterally connected to Permian weathered regolith, while thé&@omatexaHaterally
disconnected, limiting flow to the vertical direction thremghpsubcoal seafifsere is minimal informat
describing the connection between the Narrabri Formation and the Gunnedah Formation.

3.2 Is the choice of numerical method and software appropriate?

The 3D groundwater flow model was developed using MOBELOW

PEST parameter estimation software (Doherty, 2024) was used to automate the process of adjusting
and recharge rates to replicate the water level observations available from the BTM Complex grou
network as closely@ssible.

3.2.1 Are the numerical and discretisation methods appropriate?

Voronoi mesh used for spatial representation.

Temporal periods are appropriate

An initial steadyate calibration guided the model calibration to ehtaingpcenditions (prior to 2006).
This was followed by a transient simulation for calibration, where groundwater levels and flows
available measurements. Stress periods remained consistent with AGE (2022), i.e., quarterly stre
updated transient modeleing 75 quarterly stress periods from January 2006 to June 2024.

3.2.2 Is the software reputable?

Y

Industry standard and commonly accepted.

3.2.3 Is the software included in the archive or are references to

N (software
not provided)

Software is not provided bfreeyavailabjehowever AlgoMesh is only available commercially. Refe

provided? Y provided for the software.
(references)
3.3 Are the spatial domain and discretisation appropriate? v The model _grld consisted of two types of cells: rect_angular cells aligned with the primary direction of
the BTM mines and voronoi polygons for the remainder of the model area.
3.3.1 1D/2D/3D Y 3D
3.3.2 lateral extent Y The model domain is approximately 30 kilometres (km) wide and 40 km long
The model represents the key hydrostratigraphic units identified in the conceptual model with <
3.3.3 layer geometry? Y : ; ; )
representing the alluvium, weathered rock, coal seams, interburden and volcanics basement.
The following cell dimensions were adopted:
mining are&s100 m x 50 m cells;
. . L . L adjacent to major creeks and #@@dsm x 200 m voronoi cells;
3.3.4 Is the horizontal discretisation appropriate for the objective - . . . . )
. : - Y buffer zone around mining area (contains most monitoAd@®anedizpmeter voronoi cells;
setting, conceptual model and target confidence level classificatior . . ; . . -
adjacent to active extraction Bamgzoximately 175 m diameter voronoi cells;
adjacent to inferred Conomos Faytroximately 450 m x 350 m voronoi cells; and
away from areas of inteétapproximately 650 m maximum diameter voronoi.
3.3.5 Is the vertical discretisation appropriate? Are aquitards divide
. . . o Y 34layers.
layers to model time lags of propagation of responses in the vertic:
3.4 Are the temporal domain and discretisation appropriate? Y See below comments.
3.4.1 steady state or transient Y Both steady state and transient simulations.
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3.4.2 stress periods

Y

Stress periods are appropriate.
Stress periods remained consistent with AGE (2022), i.e., quarterly stress periods, with the updat
comprising 75 quarterly stress periods from January 2006 to June 2024.

3.4.3 time steps?

N

Not reported.

3.5 Are the boundary conditions plausible and sufficiently unrestric

Y

Boundargonditiohanges have been completed in the 2024 model update coAPRERS2 PoRAI Comple
Model.

Sectiofr6.2.1 Perimeter Model Bounddatesdundary conditions were aligned with the conceptual hyc
of the area, with groundwater flow in and out of the model largely occurring through the alluviumer.
alluvium was largely represented by Genexakklé@ti Bpatahg the southern and western sides of the r
groundwater enters and exits the model (layers 1 and 2).

The limitations describe the Analytical M&HehndseSolution. Based on lateral flow from the alluviu
through the weathered regolith. To estimate this flow, theahsgonthe Bdéehodithat calculates water m
a tmetre drop in water level over 250 metres (a 0.004 slope).

There is a known issue with the model identified in Section 6.2.1 Perimeter matiel piochdagiescoal me
layers in the unstructured grid laterally disconnects the Permian sequence layers from othkorzodéd
direction. Vertical connections remain unaffected.

The lateral disconnection described is a feature of the model, not necessarily-aartohfoneioghe
"pinching" in the unstructured grid represents how the model simplifies the geological structure. It
(lateral) disconnection between the Permian sequence and other layers within the model. In realit
measures arelyrlaterally disconnected from surrounding units would depend on actual geological ¢
may be partially connected or hydraulically isolated

Further information or dataeedeih support thessumption that lateral flow from the alluvium is limite
regolith thicknesisd disconnection between the Permian sequence and other layers.

The Conomos fault likely acts as a groundwater flow barrier; however, the 2024 numerical model h
assess the potential for flow conduits. It was assumed to have no impact on layer 1 of the model, rept
and weathered obth. In the 2024 model update, however, the Conomos fault has been parameteris
that allowed for assessing its potential for conduit behaviour as well

The HunteMooki Thrust Fault System represents the boundary between the edge of the Miasiesat
the norcoal New England Fold Belt fractured rock. It is represented asflawerticaénalong the eastern
of the model, spaniaygrs 3 to 34.

There is theebefit of previonsimericanodels to understahd general impacts of the BTM complex
requirednodebdomain.

Rainfall recharge and EVT include seasonality.

River andusface waters represented.

3.5.1 Is the implementation of boundary conditions consisten
conceptual model?

Representationstifuctural geology andsistent with the conceptual model.
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3.5.2 Are the boundary conditions chosen to have a minimal im

Lateral model boundaieh as the Hurtdwoki Thrust Fault Systesrconsidered sufficiently far away from
area for minimal imp&undariese assumedature static hydraulic heads and areHtistawner the mod
predictioedo show drawdown that propagates to the eastern model boundary.

model outcomes? How is this ascertained? Y Further information or dataeedetd support the assumption that lateral flow from the alluvium is lirr
regolith thickness and disconnection between the Permian sequence and other layers. Some fea
conditions could underestimate flow paths, drawdownspreatictémivity assessments and mitigation de
Diffuse recharge is disciissedrainfaktvents, losing conditions from creeks and river reaches, and ¢
3.5.3 Is the calculation of diffuse recharge consistent with model o v connectivity through the eastern thrust fault system.
confidence level? Three recharge zones are modelled. Several methods are applied to assess diffiuddistzthargkeriies
Water balance.
3.5.4 Are lateral boundariesitinaiant? Y Timeinvariant GH&8long the eastesouthern and western.edge
3.6 Are the initial conditions appropriate? Y A steadgtate model was used to reproduce groundwater levels prior to the onset of mining at the B
N . . Groundwater modellifidhe model is first rursteadystateand the resulting heads are used as the initial
3.6.1 Are the initial heads based on interpolation or on groundwate for the transient model.
3.6.2 Is the effect of initial conditions on key model outcomes asse v Mean stresses (exclut_jl_ng mining operations) and hydraulic heads over the last two decades rec¢
system steasigte conditions.
3.6.3 How is the initial concentration of solutes obtained (when rele N/A N/A
The mass balance error, which is the difference between the calculated model inflows and outflows
3.7 Is the numerical solution of the model adequate? Y the steaetate calibration, was 0.0%. The maximum percent discrepancy at any time step in the tr:
was 0.05%. This eindicates that the model is stable and achieves an accurate numerical solution.
3.7.1 Solution method/solver Y Automated calibration was achieved using a technique called ENSI (ENsemble Space Inversion)
3.7.2 Convergence criteria Y The maximum error is within acceptable limits for adequate numericalesmire¥énce
The root mean square (RMS) error calculated for the calibrated model was 6.6 m. The total measure
3.7.3 Numerical precision Y the model domain was 156.52 m, with a standardised root mean square (SRMS) of 4.2%, which
good match for the modestem type.
4. Calibration and sensitivity
. . S Absolute hydraulic heads and temporal head difstierates of groundwater inflow from water balanc
4.1 Are all available types of observations used for calibration? Y . S ; . . .
were used to guide the calibration process by means of an inequality constraint for total inflo@hbtrex
The calibration dataset comprised 24258 observations during th2@24iod 2006
4.1.1 Groundwater head data Y L P ¢
Head targets distributed throughout model layers.
Inequality constraint was applied to mine inflow rates for the entire BTM Complex, with an upper li
4.1.2 Flux observations Y (approximately three times the estimated value from inflow data). This represents the only flux targ
the calibration pess.
4.13 Other. environmental tracers, gradients, age, tem N No other qualitative calibration targets used in the model.

concentrations etc.
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4.2 Does the calibration methodology conform to best practice? Y Automated calibration was achieved using a technique called ENSI (ENsemblé@pabe PESTEid#P su

4.2 1 Parameterisation Y Several parameterisation devices were used during callbratlpn. These include pilot points for aq
recharge, seglists for river, stream and general head boundaries, and a structural overlay for the Cc

I . Weights were balanced so that the absolute hydraulic heads contributed approximately a third «

4.2.2 Objective function Y objective function during calibration compared -httdswfor the temporal differences.
Pilot points were implemented using PLPROC, with the same distribution of points used in each la)

4.2.3 Identifiability of parameters Y all layers are laterally continuous. Points falling outside of discontinuous layers were removed so t
layer 34 includadull complement of points.

4.2.4 Which methodology is used for model calibration? Y Automated calibration was achieved using a technique called ENSI (ENsemblé@padbe PESTEid#HP su

4.3 Is a sensitivity of key model outcomes assessed against? N No se_nsm_\nty_analys_ls reportaditional sensitivity analysis is no longer warranted when-basstsemntie
of calibration is applied.

4.3.1 parameters N No sensitivity analysis reported.

4.3.2 boundary conditions N No sensitivity analysis reported.

4.3.3 initial conditions N No sensitivity analysis reported.

4.3.4 stresses N No sensitivity analysis reported.

4.4 Have the calibration results been adequately reported? Y Sectior7.3 Calibration targets

4.4.1 Are the graphs showing modelled and observed hydrog v All sites shown in Appeirdi Calibration hydrogragh®rall, the model reasonably reproduces the tr

appropriate scale? absolute hydraulic heads in the surficial aquifers.

4.4.2 Is it clear whether observed or assumed vertical head gradie v The model is ablestmulate the influence of the approved mining and the Project on the groundwate!

replicated by the model? locally lowered water table and inward hydraulic gradients towards the mining location.

4.4.3 Are calibration statistics reported and illustrated in a reasona v The total mgasured head change across the model domain was 156.52 m, with a standardised root
of 4.2%, which can be considered a good match for the modelled system type.
Figure F 17 presents the observed and modelled groundwater levels determined from the calibratio

4.5 Are multiple methods of plotting calibration results used tc v The root mean square (RMS) error calculated for the calibrated model was 6.6 m. The total measure

goodness of fit robustly? Is the model sufficiently calibrated? the model domain was 156.52 m, with a standardised root mean square (SRMS) of 4.2%, which
good match for the modestem type.

4.5.1 spatially N Residuals have not been plotted spésitahlevel Calibration Residralsot available on a figure.

4.5.2 temporally Y Individual hydrographs are shown in Apfd@n@adibration hydrographs.
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The final hydraulic property values determined from the calibration process are presented on the m
F 20 to Figure F. B® table of valueprissented@ndit isdifficult to reaand extrastalues from the figuiss
makes it difficult to determine if the calibrated pacaxestteeexpected ranges.

Section F8.6 states thenelkaté/ely high storage and high recharge characteristics of the Maules Cree

4.6 Are the calibrated parameters plausible? v The alluvium to the west of Maulesabpmto bebelowkh0 m/dayn Layfer WhlleTal;)Ig 7:3 |ISt.S valqes gre
than 0 m/day for the Narrabri Formation. The decrease in hydraulic conductivity is evident in the
which is lower than other alésesexact calibrated values are diffssiesandtiis unknown the reason for
calibrated vakir this area for the alluvium in layer 1 and 2.

Recharge rates are plauBisiienates of groundwater inflow from water balance models were used
calibration process by means of an inequality constraint for total inflow not exceeding 5.0 GL/yr.
Simulated inflows compare well with observed inflows for MCCM and Boggabri Coal Mine.

4.7 Are the water volumes and fluxes in the water balance realistic v Sectiofr7.3.5 Mine inflow verlflcasta’(eﬁ_ﬁere is a notable _dlscrepan_cy b_etwgen the inflows repc_nrted ir
Tarrawonga and those from the numerical model. The difference is primarily related to remoeipig Hee
the Conomos Fault, from the @luvinggah

4.8 has the model been verified? N No discussion on the model being weriedes of structured quality assurance checks

5. Prediction
Thefourmodel objectives are:

f Evaluate cumulative drawdown at all identified receptors (including GDEs).
f Evaluate incidental and passive water take from groundwater and surface water sources.

5.1 Are the model predictions designed in a manner that meet: Y f Address the Projg¢tSHFLILF 6HFUHWDU\-V (QYLURQPHQWDO $V

objectives? f (SEARS).

f Forecast the range of potential inflows into the approved and proposed expansions of opt
BTM Complex mine.
All objectives are able to be assesseaddoleltlesign.

5.2 Is predictive uncertainty acknowledged and addressed? Y Uncertainty analysis presented in B8dtincertainty analysis
The rainfall, evaporation, land use, soil texture and hydrologic soil category were used to create Z

5.3 Are the assumed climatic stresses appropriate? Y Specific combinations of soil type, climate conditions, and land use characterise each recharge zon«
is then usedeastimate spatially variable recharge patterns across the numerical model area.

5.4 Is a null scenario defined? Y A 1Q X OO was daydoptidiR excluded mining

5.5 Are the scenarios defined in accordance with the model ok v The model scenarios are complex when considering the impact of Boggabri, Tarrawonga and 8aa

confidence level classification? F8.1 Model scenarios and setup.

5.5.1 Are the pumping stresses similar in magnitude to those of tl v Sed6.3.4 Abstraction

model? If not, is there reference to the associated reduction in mode
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5.5.2 Are well losses accounted for when estimating maximum pt

per well? N/A N/A
The calibration dataset comprised 24258 observations during th@24iod 2006
5.5.3 Is the temporal scale of the predictions commensurate with t The predictive models were set up with quarterly stress periods of 91.3 days, representing the periot
: . L Y to December 2044.
model? If not, is there reference to the associated reduction in mode i ) .
The model scenarios were created by extending the model time to the end of approved or proposed
200 years after mine closure to assess the recovery equilibrium of the groundwater regime.
5.54 Are the assumed stresses and timescale appropriate fc Y Timing suitably represents the approved and project mining.
objectives?
5.6 Do the prediction results meet the stated objectives? Y The objectiveéd Model plan and objectineeassessed and presented in the report.
5.7 Are the components of the predicted mass balance realistic? Y Sed-7.3.4 Water budget
5.7.1 Are the pumping rates assigned in the input files equal to t
: N/A N/A
pumping rates?
5.7.2 Does predicted seepage to or from a river exceed measurec v Sed8.4 Water budgets
river flow?
5.7.3 Are there any anomalous boundary fluxes due to superpos
dependent sinks (e.g. evapotranspiration)-gepéeddnt boundary c N This is not obvious in the report however the review has not considered model files.
(Type 1 or 3 boundary conditions)?
Figure F 8 shows the spatial distribution of recharge in the model- $tatihemtelidayn. This indicates the
5.7 4 Is diffuse recharde from rainfall smaller than rainfall? v term mean recharge, which has increased rates along waterways. Mean rainfall for the area is apprc
o 9 ' with the mininma at 0.6 mm/yr and the maximum at 76.9 mm/yr, approximately 0.1% and 13.1% of a
respectively.
.5'7'5 Are model storage changes dominated by anomalous hea N This is not obvious in the report however the review has not considered model files.
isolated cells that receive recharge?
5.8 Has particle tracking been considered as an alternative to sol
) N N/A
modelling?
6. Uncertainty
6.1 Is some qualitative or quantitative measure of uncertainty assoc . . . . .
prediction reported together with the prediction? Y Uncertainty analysis presenBatiion F9 Uncertainty analysis.
g'rze(;iscttig(na?mc’dd with minimum predietiam variance chosen for Y ENSI using optimal multipliers to achieve minimum error variance.
6.3 Are the sources of uncertainty discussed? Y See F9 Uncertainty analysis
6.3.1 measurement of uncertainty of observations and parameters Y See F9 Uncertainty analysis
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6.3.2 structural or model uncertainty N Structure has not been explored through uncertainty.
6.4 Is the approach to estimation of uncertainty described and app Y See F9 Uncertainty analysis
6.5 Are there useful depictions of uncertainty? Y See F9 Uncertainty analysis

7. Solute transportN/A

8. Surface wategroundwater interaction

8.1 Is the conceptualisation of surfacegrauatelvater interaction One of model objectives wastioate incidental and péssivectyvater take from groundwater and surfact

<

accordance with the model objectives? sources.
8.2 Is the implementation of surfacegwatedwater interaction appropr Y Model allows for the possibility of groundwater discharge to rivers and creeks.

. Post closureogindwater model has been run iteratively with the final void surface water balance moc
8.3 Is the groundwater model coupled with a surface water model? Y ) g : ) y

Operations model is not coupled with a surface water model.

8.3.1 Is the adopted approach appropriate? Y Coupled modelling during operations may be appropriate if sufficient surface water data exists.
8.3.2 Have appropriate time steps and stress periods been adopte Y Stage time seffi@spost closure.
8.3.3 Are the interface fluxes consistent between the groundwater v Input to the final void surface water balance model from the groundwater model is pididd@dCastpute
water models? from the final void surface water balance model to the groundwater model is provided AsIBn elevati
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5. Groundwater impact assessment review

5.1. Conceptualisation

The hydrogeological conceptualisgpi@sented in Section (AGE, 2025and is suppedby the individual
hydrogeologi@dmponents throughout Section 7

There are several aspects bfdnegeological conceptualightidrare either not clear, and or require further
information to assess whether they are adequately supported by represenyativgetdtmi@ilaceptualisation
is then represented in the numerical model on which the impact assessment is based.

These aspects oftydrogeological conceptualisataga primarily to the potential hydraulic connectivity and flow
paths between the Permian strata and the Maules Creek alluvium. In cumeeyatnatiseg@spects relate to the
following:

f the geometry of the hydrostratigraphic layers and the data which underpins thjs layer geometry

f the conceptualisation of the individual Permian coal seamog tiretity beneath the Maules Creek
alluvium versus the conceptualisation of onlapping onto the BoggatilVolcanics

f the conceptualisation of the weadoeresthd the connection between the Maules Creek alluvium and the
weathererbne

The potential hydraulic connections between the sub cropping coal seams beneath the Maules Creek alluvium
in the report and referenced below. The wording implies that further information or data may be required to fully
the conceptusdtion. For example, the report states:

Potential connections between MCCM and the alluvial groundwater system exist north of MCCMhehere coal s
Maules Creek alluvium (Figure 7.49). Data evidence suggests that this connection is mainly deggfrosndownwarec
the alluvium to the coal seams (Section 7.418ynTHegprémsgrisation of targeted coal seams may eventually prop:e
seams and induce enhanced downward vertical gradients, potentially triggering decubes€ éekvalienvienels acre
However, evidence from water levels and observed vertical gradients along Maules Creek sugmjest that shallo
induced decline in water levels, and only the deepest coal seams (Merriown adecfeaselémoatesdaved} shiowera
by mining. The treatment and the implementation of the lateral connectivity between Maules Crsekmifjvium anc
and the role of the weathered regolith as the primary pathway for latenal tre atidwiater ifldwrther explained in
Appendix F.

It is important toote thatthe described content cannot be found or substantiated in Abpemdik the
hydrogeological conceptualissaiionpresented demonsteateotential hydraulic connection where coal seams
directlysub crop beneath the Maules Creek alluwwsiailowing potential or hydraulic connection between the
alluvium and the coal seams such as the Brayrbet@e@eptual modeleh asonceptualisatisectio3- % -
(reproduced belowrigures-1) showa strong disconnectidre alluvium generally shown tesbparated loyv
permeability unitBhe Herndale and Braymont Seams terminate before they reach the base of the alluvium.

Discussion loydrogeological conceptualisationgritical to the hydraulic relationship between the Maules Creek
alluvium and the Permian strata) are provided below.

21n this contextsabcropingcoakeam refers to the location where the coal seararmbterecisatesaatifferengeological
layer (for example alluviumeathered zgn&hese subcropsm@ortant in groundwater studies because they may act as potential
connection points betwdiffarent stratad., shallow aquifers (like alluviunthaddeper aquifer (suctoas seajns
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5.1.1. Hydrogeological conceptualisation B % -

Hydrogeological conceptualisatid(Figjure>-1) showshat there afienited groundwater bores penetrating the full
thickness of the alluvibience, there are limited bores that penetrate into the underlying Permian strata and Boc
VolcanicS his reduces confidentieeinterpreted stratigraphy and connectivity.

The data source for the Boggabri Volcanics is unttreotep afithis formatienepresented as steeply dipping with
coal searttzatsubcropr terminate at the top ofvileanicsTheweathered zone is not extensive over the Permian
strata arntlins near REGIthe weathered zone is not present ®&agghbri Volcanics

Further information or data is required to configultiyy ambtentiahydrauliconnections between MCCM and
the alluvial groundwater system north of, Ma@@Gtdlarlwherehecoal searase expecteddab crop beneath the
Maules Creek alluvium. Fudhtr associated with geology, wedentevelpermeability amgter quality would
improveheconceptuainderstandiraf hydrauliconnectity between the Maules Creek alluvium and the Permian
strata.

A conceptual model schematic is presentdirdtawific @d (1983 to demonstrathe potential hydrogeological
connections discustsalveWhilst it is recognised thastmematis simplistiche alternative conceptual model
schemat{€iguré>-2) supportthe AGE2029 description of thetential connections between MCCM and the alluvial
groundwater system exjabrth of MCCM where coal seams sub crop beneath the Maules Creek alluvium

Figure5-1 Hydrogeological conceptualisationB- %(AGE, 2025)
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Figure5-2 Alternative conceptual model schematidPacific Coal, 1982
5.1.2. Hydrogeological conceptualisationD-D -

Hydrogeological conceptualisBtion is shown irFigure5-3. The conceptual modeks notepresenany
groundwater bores withindtoss sectiofhis limits the ability to valitteénterpretedyroundater levels and

geology

TheBoggabridicanigroundiater level appears disconnected from the weathered zone towards the alluvium but rel
continuous towards the MCCMi&talluvium exceedm5A thickne@shich is significantly different to the alluvium
thickness that is shown in Figure 5.3 of AQEa@@B&re i®o separation depicted betwellattabri Formation

and the Gunnedah Formatitwich is a critical component ofjrihwendwateconceptualisatiofhe alluvial
groundiater table is shownbamghydraulically disconnected fremP#rmian strata by the weathered zone.
Further to thiere is minimal information or data provided to suppckhdss and exwhtheveathered zone.

Table 7.1 of AGE (2025) states that the weathered zone ranges between 1 m to 30 pditdgleohayicaler h
conceptualisation' bshows the weathered zone to be at least 50 m or 60 m thick in some areas of the section.

The conceptual cresstion suggests vertical infiltration from waste rock and lateral flow ¢énnoiaghsthesiad
BoggabX¥olcanicsThegeometry of tiBoggab¥olcanicand presenceatifiick weathered z@dfiiectively cut off or
laterally isolate tiermian strata aooal seanisetweerthe MCCM andthe northern side of the section
(near Maules Creek). iffiessa limited potential for lateral groundwater flow from the northernaswhllseams
into theViCCM due to both physical truncation and low permeability of the volcanics.

The interpreted Bogg&bitanics extent does not align with the geoldgydaykE390sised in the AGE (2025)
reportingalled Gunnedah Coalfield Rock Unit (1A00Hes it align with the most recent surface geology that is
available from the NSW goverhni@ete is minimal information or data provided to support thedBzggedri
thickness and extent.

8 https://minview.geoscience.nsw.gov.au/#/?lon=150.1410&lat=
30.56228&z=11&bm=bm5&I|=ge1:n:100,ge0:y:100,ut2:n:100,ut1:y:100,ad0:y:100
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Without detailed stratigraphic logs or supporting data it is unclear whether the Boaggalineieézsthimsed zone

act as lateral hydraulic bamiewhether subcropping coal seams may provide undetected hydraulic pathways conn
theMaules Creeluvium to thdCCM Further data is requiiadboththeBoggabri Volcardosiveathered zone to
confirmpotentigbathwagand hydraulic connectiviyrafindwater fldvetweethe alluviurio thecoal seams.

Without verifiegroundwater levéhta across the described theitydrogeological conceptual model lacks the
necessary evidence to support assusgaidingiow directions, aquiéennectivity ahgdraulic separation.

Thedata limitatiofier hydrogeological conceptuali€ationD UH ObBMeMH G L Q

Figure5-3 Hydrogeological conceptualisationD-D (AGE, 2025)
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Table5-1 Main datalimitations in hydrogeological conceptualisation DD -

Category Data limitations Implication s

Geometry of Boggabri Volcanics is
uncertain and may not truncate coal
as shown.

Unknown source of data for extel

Geology? Volcanics dip, or geometry

Sulcropping coal seams inferred
Geology Coal Seams not supported by geological logs
crosssections

May influence hydraulic connection
between coal seams and other units

No data on thickness, extent, or Cannot verify the weathered zone ar

Weathered zone hydraulic properties near alluviun lateral flow pathway

Weathered zone there is limited

information on hydraulic paramet Weathered zone and volcanics may
Boggabri volcanics hydraulic test more or less permeable than assum
limited.

Permeability data

Lack of monitoring prevents testing ¢
vertical or lateral gradients
connectivity

Limited groundwater monitoring

Monitoring bores bores

Flow directions and gradients are
schematiend potential connections
cannot be confirmed

Potential for ovemmplification or
misrepresentation of groundwater
behaviour

No bore references or measured
levels shown

Groundwater levels and flow pat Groundwater levels are disconne
and data gaps exist in the grounc
level schematic

5.1.3.  Hydrogeological conceptualisationEE -

Hydrogeological conceptualigatioshown ifrigurés-4 displays uncertaintyhieweatherezbndhickness south of
REG16see use of question mankpes not clearly define the connection betatevidhearttiesubcropping

coal seams. The alluvium appezced¢@0 min thicknesand there is distinction areparation shown between the
Narrabri Formation and the Gunnedah Foilrhatweathered zone is noticeably thicker near the alluvium, particularl
in the northern part of the esesgon around Maules Creek. There is minimal data available to showtmeweathered
as the main pathway for lateral groundwater flow from the alluvium to the coal seams.

The conceptualisation that the weatbeesgpresents the primary lateral groundwater flow pathway between the
alluvium and the underlying coal seams is not substantiated dpndepaudihaodiies not present dedicated
monitoring bores, hydraulic head measurements, or permeability data within the weathered zone to verify
connectivity. Further information or data is réguihedweathered zdreneatithe alluviummand between the
alluviunand thyfCCMto confirm pathvedgr groundwier flowbetweethe alluviurand theoal seams.

The main data limitationstfeghydrogeological conceptualisation secticm® listed ifiables-2.
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Figure5-4 Hydrogeological conceptualisationE-E -(AGE, 2025)
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Table5-2 Main datalimitations in hydrogeological conceptualisation EE -

Category

Datalimitation s

Implication s

Weatherezonahickness

Thickness is uncertain and variable, espe
south odnd aREG16The weathered regoli
at REG16A is not showrydrogeological
conceptualisatiBrio - $* (

Cannot confirm continuity or hydrauli
role of weathered zone

Stratigraphdifferentiation

No distinction made between Narrabri an
Gunneddformations

Limits understanding of which unit is
connected or disconnected from coa
seams

Alluviumthickness

Alluvium exceedsrBPbut internal layering
and hydraulic properties are not defined

Unclear if full thickness contributes t
lateral flow or interacts with deeper v

Weathered zon€bal
Seangonnection

Connection between weathmrneehnd sub
cropping coal seams is not clearly shown

Uncertain whether lateral flow pathw
exists or is blockadtheveatherezbne

Hydraulicata

Nowater level @ressure head data showr
regolith or transition zene

Flow directions and gradients across
cannot be confirmed

Permeabilitpformation

Regolith/weathered zone there is limited
information on hydraulic parameters.

Boggabri volcanics hydraulic testing is lin

Cannot asspssmeability for example
regolith/weathered zone and volcani
may be more or less permeable than
assumed.

Monitoring bores

No monitoring bores shown within the
weatherezbnebetween the alluvium and ¢
seams

Conceptual flow path is unsupported
data oobservations

Conceptuélbwarows

Flow paths are schematic, withouadatz
support

May misrepresent actual groundwate
movement

Geologicabntrol

Data source for geometry and thickness
is not cited

Reduces confidence in stratigraphic
boundaries and inferred connections

Temporaata

No indication of water level trends or time
series

Cannot assess if mimdgced
drawdown propagates through regoli
into the alluvium or vice versa

5.2.

Summary of é@ta/ information gaps

There are data gaps and a lack of supporting information @redgacdiptioseveral key processes that are relied
upon in the numerical model

f The BTM Complex model incorporates two layers to represent the full thickness of the alluvium, with L
being the Narralftormationand Layer 2 being the GunremtatationThere is minimal information
provided to support gtetigraphdifferentiatiorand thénydrauliparameters assigned.

[ No data or supporting information is preeesupgorthe concept thihile NarrabFormatioms laterally
connected theweathered zgnehile the Gunnedadrmatioms said to blaterally disconnected, limiting
flow to the vertical direction throughrepped coal seams.

[ The following statemenho$ supportecand the described content cannot be found or substantiated ir
Appendi¥. The treatment and the implementation of the lateral connectivity between Maules Creek alluvit
coal seams, and the role of the weathered regolith as the primary pathway for lateral groundwater flow
further explainegpipendixNfo such explanation or supporting detail is provided in the referenced appendix

[ There is insufficient information or description to support the assumption that zbeeaetstiasréoe
primary pathway for lateral groundwater flow from the alluvium. There is limited data on the hydraulic proj
and water quality of the weathered zone, to support the conceptualisation.
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f Further informationsupportindatds required to justify the assumptidexténak flow from the alluvium is
limited by thereathered zotiéckness atftedisconnection between the PestragaT hese featurasd
boundary conditionayunderestimatennectivitflow pathanddrawdown predictions

f The report does not address baseflow to Maules Creek or Back Creek o®egtomig.ssue is
acknowledgéd Section 7.9.2 as a potentiaMglel predictions are later used to conclude that negligible
baseflow loss is expected in the lower and middle reaches of Maules Creek, and that baseflow to Bacl
nonrexistent. Further information or data is required to addneg®nheental impact or groundwater
assessment report.

f Section 7.4%0tes miti-level monitoring extends through both the alluvium and the co# fimeisdres
to two sites within the vicinity of the Prag@ditionainvestigatioand the installation of rhentel
monitoring boreguld improve the datdsstipport the conceptualisation, partioulagyarea of the sub
croppingoal seams.

f Measurement error management needs to be addressed with greater detail. This is required as the me
error for the VWP is considered potentially higher than that for the monitoring bores and possibly in the r
+5 m to 10 m (AGE, 2025). Graatdtilevel monitoring extending through both the alluvium and the coal
measures, is limited to two sites within the vicinity of the Project REG02 and GWO041027, REGO]
GW967138. However, the assessed VWP measurement error at these sitesamapdbensaghific
affecting confidence in the interpretation of vertical hydraulic gradients and connsttitéty between

f To support the conceptualisation that the alluvium is hydraulically flistdhaembadl segnisrther
detail is requiredagrtical groundwater elevation diffeeamtbemporalvater levatendsto demonstrate
the hydraulic separation.

A key input to the groundwater model is the representation of the Boggabri Volcanics. GdsBognabrrface
Volcanics basement suifhiod is represented in the AGE 2025 report is significantly different to that presente
previouseporting AGE, 2011 amdiGE, 2021 Figures-5 shows the comparison betwedoggabri Volcanics
basement surfacesented in AGE (2021) versus AGE (2025).

Approaching Maules Craglg(202) shows thsp of th&oggabri Volcanics rising towaneethevith elevations
approachirB0 mAHD, and dipping westward to b&EwnAHD forming a clear east west grédignites-5).

AGE(2025 confirms the presence oé#isiswest gradient wsterlystructural high but introdastseper elevation
gradientrom east to weShisdifferencandicates thah update or reinterpretation of the Boggabri Volcanics surface
must have been carriedeteen 2021 and 202&wvever,Here is no mention of additional drilling that has been
completed between 2021 and 2025 in this area tthevamirsterpretation of tBeoggabri Volcanatsuicture
contoursThe source dataset used ¢oateithe Boggabri Volcanics surface is notasylfitiest clarification is

needed to understaty this was carried outladnplicatiotisis has on thdel calibration gmddictions

An additionahapshowing the top of the Boggalodnicis shown iRigurés-6. This figure is contained within a coal
exploration repogcific Coal, 198&hich was downloaded from NSW Th&snap also shows the location of
numerous coal exploration drill holes that were used tthitgppyethe Boggaoicanics

Contrary to AGE (2025), the top @dbgabkolcaniceepresented in this exploration répestnot show a steep
gradient in the basement suiiaite confluence of Horsearm Creek and Middle Creek, the contourstspow that the
of the BoggaMfdlcanicis interpreted to be at an elevation of approximately 58t tidgHame locatidretop

of the Boggakblcanicsithe AGE (2025) report corresponds to approximately 200 mAHD. This difference is signifi
(150 m vertical differene@d hs major implications for the geology that is presented in the groundwat
conceptualisation, with fumthegoimplications on themericahodel layering ahd resultaptedictons The data

from the exploration ref®dcific Coal, 198®&)uld also suggest that the Permian coal measures and coal seams ar
more extensive beneath the Maules Creek alluvium thabweatuislised gmésented by AGE (2025).
Figure>-7 shows markup dfydrogeological conceptualisatfawih an alternative representation of geological
layering. Based on the dataPfacific Coé1982 there is likely to be significantly more Permian strata beneath the
Maules Creek alluvium, and with this an increased chance of hydraulic connection between these two hydrost
units.
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Further to the abovegpublicly availaldarface geological mapping indicates extensivendsidronop of the
Permian coal measiMesiles Creek Formatiooyvevetheconceptual and numemcalepresented by AGE (2025)
showsn increased presence of the low permeability Boggabri Volcanics beneath the Maules Creek alluviut
correspondimgdution in thextent ofhe higher permeabiigrmian coal measures

Further information is required to valigafeGiEconceptualisation amérpretationf the geology in this area.
The presentatiah detailedjeological cressctiongincluding the underlying drill hole dataseis) assigt
demonstrisigtherelationship betweenBbggabYiolcanicghe Permian coal measures and the Maules Creek alluvium

As discussed abthisgeological conceptualisation and interpretation has the ability to influence the lateral and v
flow of groundwater (and propagation of mine related depressurisation) between the Maules Creek alluviurn
MCCM.
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Figure5-5 Top of Boggabri volcanics(AGE 2021 and 2025)
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Figure5-6 Top of BoggabriVolcanics Pacific Coal, 1982)
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Interpreted coal sear
from Pacific Coal 19§

Interpreted top of Boggabri VVolc N
from Pacific Coal 1982 N

Figure 57 Markup of hydrogeological conceptualisationB- %(AGE, 2025)
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5.3. Modelling

5.3.1. Drawdown within the Maules Creek alluvium

It is difficult tassessemodekalibrated hydraulic paranttersayhey are presented as spatial plots in Figures F20
to F53For example, a red colour may be shown on the map, however this red colour has a range of potential
the figure legend which varies by an order of magnitundery table of calibrated parantetrdists hydraulic
properties wouilbtterto assist in understanding the oaditbehted hydraulic parameters

Table F9 shows potential inconsistencies in thearssigpierhluesFor example layer 1 (AlluvigiMarrabri
Formation) is assigr@decalibratedpecific yield (Sy) of 0.008 which appears to be very low for an unconfined allu
aquifelWherealayer 2 (AlluviurhGunnedah Formation) fiaeaalibratedyof 0.25 whidk arguably at thigter

end for aalluvial aquifer.

The total thickness of alluvium is provided in théoepedr nowhere in the documentation are there figures to
present the thickness of individual modeT lay¢héckness of model layers is important in understanding how the
geology has been assigned and how the model behaves.nradeiiaypgold in the footprint of the Maules Creek
alluvium maybe a uniform 1 m ghiokit unlikelyWhichwouldrender the model lagsunsaturated and dry
throughout the model simulations.

Layer 1 (Alluviund Narrabri Formatiohps a very smalf yolume of drainalperosity) whereatayer 2
(Alluvium 2 Gunnedah Formatia)ikely to be acting dsuffierwith its higtsyvalue The effeadf thismay
unrealistically dampenydrawdowmor depressurisation effects thairopagatiromthe underlying model layers
Thelayering and parameterisagynaffect how the mededlictslrawdown ithe alluviunfotentialleffecting the
timingof drawdowrthe volumeof indirect groundwater take from the allandihe magnitude and extent of
drawdown propagation.

Section F8df the AGE (2025) repmhfirms the dampening or bufferingdeBexdbed abaedprovides some
information on how the model is configured to simulate responses in theaNMailegsitCriadd

The model also predicts less than 1 m of drawdown within the Maules Creek alluvium to the anadhidlhe relative
recharge characteristics of the Maules Creek alluvial aquifer mean that any losses occurengpttiteugtv the base
permeability bedrock are a small portion of the total system water budget and, therefore, arewetadfly buffere
drawdown would not likely be discernible from climatically induced fluctuations igeglisuhdwgatey des)ofysehard

in monitoring bores.

The model parameterisation (along with the geologicakkg/&augion 5.2) will result in the minimal prediction of
drawdown in the Maules Creek alluBiwatedetailis needed to suppamt justifthe conceptual model and
groundwater model setup for the Narrabri Formation and Gunnedain Boemvétioity of the Maules Creek
alluvium
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5.3.2.  Analytical assessment dfteral flow from the alluvium
Section 5.2 Limitations, disciisgte lateral flow from the alluvium is limitedvietifvered zotmeckness.

The BTM Complex model incorporates two layers to represent the full thickness of the alluviual|witim,ayer 1 bei
and Layer 2 being the Gunnedah alluvium. The Narrabri alluvium is laterally connected to Rkrrthan weather
Gunnedah Alluvium is laterally disconnected, limiting flow to the verticalrdppetiocotidreegimsubhis aligns with the
current conceptual model of the system, which assumes that weathered regolith & treynoate pltowayifor late
the alluvium.

This assumption implies that lateral flow from the alluvium is limited by the regolith thicknessnaliicalwas asse
approach that considers the full saturated thickness of the alluvium being available for taaeréiEflelmarhe Edeln
1947) is a transient 1D solution that calculates hydraulic head response and changes in fluxtaragéxad distanc
hydraulic head. This solution assumes constant transmissivity but can be appliethécheacbofiardesistenssthdre
20% of the saturated thickness, as it produces solutions comparable to those of the linearispd 8olssinesq eq
The application of the solution in this analysis assumes a 1.0 m heaad @jfeediemiehor064d 2&s representative of th
drawdown.

Typical values of hydraulic conductivity, storage coefficient and saturated thickness (Tabl®Rs3yérethsddo alluy
to estimate the change in flux at equilibrium. A total flux from the alluvium into the Pessuaningaa R€ &stimated
stretch of alluvium is affected by drawdown, resulting in 0.09 ML/d discharge from the Narrabri d&ne 0.52 ML/c
Gunnedah. In a calendar year, this equates to approximately 219 ML, which remainsveglirbplmve th@ftthd_s helc
Project. The 10 km length is approximately the same as the length of Upper Maules Creek alluvibe affected
regolith, according to the numerical model.

The conceptualisation oMigles Creek alluviamad weathered zone interaction is naraliere mechanism for
how this conceptualisation is represented in the numerical model is Rilsthaottblearse and justification of the
analytical equation is confusing.

It is unclear hdayer 2 (AlluviurhGunnedah Formaticomtributes a discharge of 0.52 Mivdah isignificantly

more than the 0.8/day attributed tayer 1 (AlluviuriNarrabri Formatiogiyen that the Gunnddatmatiois
conceptualised as being laterally disconnectedéaitmetieel zone

Thetotal flux from the alluvium into the Permian was estimated by assuming a 10 km stretebvefraflisvivon
specified where the stretch of allisviocated. The extent is stated to cortestheneistimated extent obUtyeer

Maules Creek alluvium affected by drawdown thrauggithdredoneas represented in thienerical model
however further detail is not providether the numerical model predictions currently do not show any predicte
drawdown in tiMaules Creek alluvium

There is insufficient detail or information to confiusefdhéhe analytical equation is appropriate, anthiwhether
has beaorrectly applied. It is also unclear why the analytichieejoedionised and reportéasora 3D numerical
modeisavailable fredicthe total flux from the alluvium into the Permiamdtfeden the alluvium to the weathered
zone
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5.3.3. Perimetermodel boundaries

F6.2.1 Perimeter Model Boundaries, dishatdes boundary conditions were aligned with the conceptual
hydrogeological model of the area, with groundwater flow in and out of the model largely occurring through the &

Boundary conditions were aligned with the conceptual hydrogeological model of the area, witheyroaddivater flow
largely occurring through the alluvium. Flow through the Namoi River alluvium was largely repiesiested by Ge
(GHB) along the southern and western sides of the model, where alluvial groundwater enters anhd exits the
Groundwater levels at the Namoi River alluvium GHBs were determined based on the averagergraimgiwater leyv
bores in proximity to the model boundary. A detailed description of this process is provided wathimo\Ad#e (2022), |
here as there has been no significant change since then.

TKH $*( PRGHO UHSUHVHQWHG ODUJH VHFWLRQV RI-MRHE -QRU
conditions (Figure F 1). This included the areas on the eastern boundary where catchments catginue, and tc
hydraulic gradients would allow groundwater inflow to the model from the New England Fold Bebfraatured rock
analytical estimate of groundwater flow from the New England Fold Belt fractured rock intcethigairioflehdomain in
of approximately three megalitres per day (ML/day). The model was initially updated to represshirttal inflow wit
model layers along the eastern model boundary adjacent to the Maules Creek anti Botok€ riak mhutadpiain

the model failing to converge. The cause of numerical instability was attributed to the exptioitisdpdeshtation of
the Permian coal measures sequence, where all layers are laterahyodisicothiinwess agalshthe Boggabri volcanic
The pinching of coal measures layers in the unstructured grid laterally disconnects the Perrdirissgmaence laye
albeit only in the horizontal direction. Vertical conneefi@esecknidia addition of the GHBs along the eastern edge
model domain was subsequently modified to only occur in model layer 1 (Narrabri alluvium and2veathered t
(Gunnedah alluvium) was present. Hydraulic hehd<Ga#Bgymextdcset at the model cell's topographic elevation t
assumed to be approximately 2 km from the model. This simulated an effective hydraulic gradie®® between 0.0(
1:333), depending on the model cell locataiaraddnt@#ia initial conductance calculation for each GHB boundary

Generally, there is a lack of information or description on the refinementaumastcab thedgéneral head
boundaries. Asstimate of groundwatiow from the New England Fold Belt fractured rock into the model domair
was assessed at 3 Mb¢dan attempt was made to represent this in the numeHcatenedehe model failed to
convergeand this boundary condition was modified sogimatrithigaténflow from the New England Fold Belt
fractured roaknly occurred through layer 1 (where layer 2 was present). Layer 1 represents the shallow Narrabri &
and weathered zone and not the deeper fractured rock that occurs further to the east.

There is insufficient detail or information to cahfsmgplication of the GHB is appropriate and whether it validates
the conceptual water balance discussell pditeveiallyinderestimater overestimatuxes, affexthe water
balance and misrepregemtindwaténteraction with surroundings
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6. Water management plan review

The current Maules Creek Coal Mine Water Management Plan (WKHaiskd2@2ihe WMP provides details
of the management of surface water and groundwater related impacts associated with the construction and o
the MCCM.

WMP Appendix C contains Gmmundwater Management Plan (GWMP) for Maules Creek Coal Mine (MCCN
which describes the management of groundwater at MCCM. This includes details of the GWMP, predicted im|
compliance conditions. The GWMP outlines the groundwater data collection/analysis methods, performance n
trigger thresholds and Trigggon Response Plans (TARPS).

A review of AppendixGBundwater Managementiasbeen undertaken including an assessment of suitability of tr
monitoring locations and program, current triggers and actions.

6.1. Suitability of monitoring locations

Theexisting monitoring network is described in Section 4 Groundwater Infrastructure. The existing monitoring n
includes standpipe bores and vibrating wire piezometers (VWP) installed in a series of campaigns since 2010. T
and status of themitoring network infrastructure are shawo fiiguresA table summarisesgrmindwater
monitoring netwoahd described below.

$00 RI WKH 10%$&- VHULHVY PRQLWRULQJ ERUHYVY DQG 9:3V BmBUH GD
exception of standpipe bore MAC1280 which remains active. The MAC1280 monitoring bore is ndw located in
the out of pit waste rock dump. It is recognised that these decommissioned bores may havedmesanigortant ir
complicates the current monitoring strategy.

7KH 5% VHULHV Rl ERUHY ZDV GHVLJQHG WR UHSODFEHs &iiKfde 05 &
multlevel VWPs. Two of the locations (RB01 and RB02) were constructed in the Maules CGrawlvadrdogfigotprint ¢
mining activities in early 2017.

7KH 15(* VHULHVY FRPSULVHV WZHOY H-ld&yél YWRQEs@nddtdRde @B WAive)inipé
in the alluvial aquifers surrounding the BTM Complex. Of these monitoring locations, BCM1, BGt&ignd REG1(
Back Creek to assess the potential for shallow groundwater and the presence of groundwater dependent ecosy

The NSW Department of Climate Change, Energy, the Environment and Water (DCCEEW) maintain a netwi
within the Namoi alluvium that surrounds MCCM. The purpose of these bores is to monitor groutidwater level:
Narrab L DQG *XQQHGDK )RUPDW LR Bédmerdf tHe/idrds RaveHelecDaDiOwaidd vl \agigets &
equipped with telemetry with real time datasets available online2.

15(*- ERUHVY KDYH EHHQ VWUDWHJLFDOO\ ORFDWHG D Gavirig p¢in@W WR
that allow the water level trends within the alluvium and underlying bedrock to be recoreetithntfloengscéd, and
PLQLQJ DUHDV DVVHVVHG 7KH Y5(*- VHULHYV PRQLWRULQiforlBlRUHYV Z
network. As these bores were located well beyond the mining areas, the intemyoowvagatinesy impaictalioat
propagated via the Permian and into the overlying alluvium to be detected and assessed. Sincghititgption MCC
for monitoring the REG series of bores. While this was not the origeratyritemstepsdoconegtigate exceedance eve
i.e. the TARPs, have been retained within the MCCM GWMP. In the case where exceedances atle due to othel
process for evaluating cumulative impacts from the BTM complex.

The following additional bores were installed in 2023:

[ REG15/REG15A and REG16 / REG16 improve the monitoring network coverage within the alluvial de
Creek;

f REG15/REG15A and REG16 / REG16A improve the pore pressure monitoring network within the bec
Maules Creek alluvium and to allow the interconnectivity between the alluvium and bedrock to be evalu:

4184 Maules Creek Third Party Review Report_v1.docx
Maules Creek Community Caouialules Creek Continuation Prdjedependent ThiRdrty Review Page B5



f
f

REGA4A create additiondéwvelltested bores by installing bores adjacent to existing sites at different depth

WRD1 and WRD?2 provide shallow water table monitoring sites adjacent to the out of pit emplacement to
trends;

BCMO04 and BCMO5 determine the presence of water table along Back Creek which will provide input to C
Ecosystem (GDE) monitoring;

REG15A, REG16A, BCM04, and BCMO05 assess groundwater and surface water interactions along B
Creek; and

RBO0O5B and REG10B provide water level measurements from open standpipe monitoring bores to verify
SUHVVXUHVY UHFRUGHG E\ VHOHFWHG 9:3:V

The GWMP lacks a figure that shows the current consolidated groundwater monitdehbe reétthierd5Aactive
monitoring bores are listedable6-1 andFigure6-1 shows the existing groundwater monitoring network.
Consisting of monitoring bores 21 alluvium, 1 weathered overburden, 8 volcanics, 15 Permian strata (incluc
seams).

In terms of the suitability of the nettherkare spatial dgesinthe following areas:

f

Further information or data is required to measure or confirm the potential connections between MCCM |
alluvial groundwater system north of MCCM where coal seams sub crop beneath the Maules Creek &
There are no monitoring bores in thisrdreawest of GW967138 1 and GW967138 2. This is needed to
confirm water levels, geology extent and thickness, or water qudltiisanalgsinprove or confirm the
understanding for a connection or disconnection between the Maules Cneeka@lRetiomiaa strata.

Further monitoring of the alluvium in the area described above would assist in supporting the conceptu
and modelling of the two layers to represent the full thickness of the alluvium, being Layer 1 being the |
alluvium, and Layer 2 beiag@hnnedah alluvium. There is minimal information provided to support the
stratigraphic differentiation, and the permeability parameters assigned.

Further data or supporting information is required to swepcdghthat thNarrabri alluvium is laterally
connected to the weathezoeg while the Gunnedilbviumis laterally disconnected, limiting flow to the
vertical direction through@alpped coal seams.

Multi-level monitoring extamgthrough both the alluvium and the coal measures, is limited to two sites with
the vicinity of the Proje&G02 and GW041REG01 and GW9671B% installationadditionahultk

level monitoring bores would improve the data set to support the conceptualisation, particularly in the are
sub cropping coal se&msher detail is required on vertical groundwater elevation differences and tempc
water level trends, to demonstrate the hydraulic separation.

Monitoring of the weatheradeslimited and eurrently undertakerobjyone monitoring bore. Monitoring

of the weatherednédetween the MCCM 8tales Creakuvuimis requiredsreater monitoring is needed

as the weathemmhewas identified as the primary pathway for lateral groundwater flow from the alluviur
Currentlyhere is limited data on the hydraulic properties and water quality of the regolith or weathered
to support the conceptualisation.

Further monitoring of the weatlmmegn the area described above is needed ttheuggermption that

lateral flow from the alluvium is limited by the regolith thickness and the disconnection between the P
strataand other layers. These features and boundary conditions may underestimate connectivity, flow p:
drawdown predictions.

Greater monitoring bores will assist in assessing the groundwater bé&detlms ©©rbekhor Back Creek.
Further information or data is required to address the environmental impact or groundwater assessmenit
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All alluvium monitoring bores should be drilled through the full thickness of the alluvium and not partially throt
alluvium. This will ensure the monitoringdediree the full thickness of alluvial sedoaptisgs the complete
sturaied profile of the aquifer, avoids underestinuatirggater levels or pressure gradients, ensures representative
water quality sampling and provides critical information to support the connection or disconnection between MC
the alluvial groundwater system

Thealluvium monitoring bosésuld clearly identify the alluvium separation described in the conceptual model
groundwater model setup for the Narrabri Formation and Gunnedah Formation. The monitoring program d
adequately identify which borés #reNarrabri Formation or Gunnedah Formation. This is critical to support the
conceptual and numerical models.

Table6-1 Active monitoring locations

Bore ID Geology Easting  Northing I(E:T?Xﬁg’)n (2:5;; Screen((r:b\;\ll)vp depth
MAC1280 Permian 226,525 6,616,503 323.5 60 5659

BCMO01 Alluvium 223,841 6,618,371 273.4 10 6.75-9.75
BCMO03 Alluvium 230,085 6,617,546 305 10 6.75-9.75

RBO03 Permian 227,947 6,613,635 407.9 324.4 164 /242 /289 / 317
RB04 Permian 228,213 6,614,910 437.5 354 209 /272.5 309/ 339
RBO5A Permian 228,065 6,616,810 328.4 245.3 239- 245

RBO05 Permian 228,071 6,616,813 328 382 107 /231 /280 / 382
REG1 Permian 226,946 6,622,396 286.2 255.2 118.7/134.5193.5/ 2815
GW967138 1 Alluvium 227,001 6,622,422 313.6 82.5

GW967138 2 Alluvium 227,001 6,622,422 313.6 82.5 71-77

REG2 Permian 232,722 6,620,459 317 255.2 60/ 120/200/ 260
GW041027_1 Alluvium 232,730 6,620,523 318.5 18 8.25-14.25
REG3 Volcanics 217,164 6,619,558 241.6 57 50.50 56.50
GW030129_1 Alluvium 217,135 6,619,637 248 24.4 23.2-24.4
REG4 Volcanics 219,323 6,612,763 260 72.5 65.5-71.5
REG5A Alluvium 220,646 6,609,514 252 22 18-21

REG5 Volcanics 220,649 6,609,521 252.2 78.7 72.2-78.2
REG6 Volcanics 223,100 6,606,534 250.7 96 88.0-94.0
REG7A Alluvium 233,545 6,605,359 291.7 36 24- 30

REG7 Permian 233,543 6,605,348 291.6 255.2 67.5/148.2 242.5
REGS8 Permian 230,030 6,616,113 341.6 TBC 91.5/221 274
REG9 Permian 234,233 6,610,591 346.8 279.2 116.8/175.2268
REG10A Alluvium 226,717 6,618,260 287.1 10 6.75-9.75
REG10 Permian 226,723 6,618,261 287.1 189.4 55/144.2/178/185.5
REG12 Volcanics 222,632 6,617,358 285.6 48.3 38.4-44.4
REG13 Volcanics 219,713 6,611,129 277.1 133 128-132
REG14 Alluvium 225,547 6,602,649 250.2 102 90- 96
GW030472_1 Alluvium 225,148 6,602,611 248 101.5 23.8-25
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Bore ID Geology Easting Northing I(Erl]r?xe::g)n (anl?gt:l; Screen(zb\;\lx)vP depth
GW030472_2 Alluvium 225148 6,602,611 248 101.5 57.3-59.7
GW030472_3 Alluvium 225148 6,602,611 248 101.5 94.5-101.5
Roma Windmil Alluvium 219,058 6,606,417 TBC ~12 TBC
Roma MB Alluvium 218,612 6,605,871 TBC 89 TBC
Brighton Bo Alluvium 219,942 6,604,179 TBC 16.4 12.8215.8
Brighton Botz Alluvium 219,194 6,603,840 TBC TBC TBC
RBO0O5B Braymont seam 228,057 6,616,825 328 110 106.17
REG10B Braymont seam 226,719 6,618,263 289.1 55 42.2
WRDOL1 c‘)"\’/gf‘éﬁféi?} 226,113 6,617,766 299.5 20 19.9
BCMO04 Volcanics 224,114 6,618,253 276.6 20 17.99
WRDO02 Volcanics 223575 6,616,826 304.5 50 49.19
Alluvium
BCMO05 /weathered 226,705 6,618,254 288.9 20 TBC
overburden
REG15 Alluvium 229249 6,622,349 208.3 <40 28.82
REG15A Permian coal 559949 6,622,349 298.3 100 58.96
measures
REG16 Alluvium 225355 6,621,947 280.2 <30 28.37
REG16A Permian coal )5 355 6,621,947 280.2 60 57.44
measures
REG4A Alluvium 219,313 6,612,772 260.2 40 37.94
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6.2. Suitability of monitoring program

The data collection and methoddndg be updated with the latest information providegasdlendaistralia
Groundwater Sampling and Anadstseld Guide 2nd Edition (2024). Includingalitye @pntrol and quading
standard operating procedures

Measurement erraanagement needs to be inatuttedmonitoring prograrhis is required as the measurement
error for the VWP is considered potentially higher than that for the monitoring bores and possibly in the range of
10 m(AGE, 2025)rhis identified range of error is far outside the expected error range for properly functioning V\
Error ranges should be around + 0.1 to 0.5 m depending on the sensor type. Measurement error management
included faihe é&ctronic pressure transducers/loggers installed siBo®2€H7ges should be around +10.005

0.1 m depending on thansducesensor type. Measurement error management involves sensor selectic
installation best practices, calibratigerification error and drift management, data quality assurance,
understanding target error ranges for acceptable standards.

Greater multevel monitoring extending through both the alluvium and the caalretpasesieS€urrently tisis
limited to two sites within the vicinity of the Project REG02 and (REBIAD2Nhd GW967138. Howmaszd

on the abovthe assessed VWP measurement error at tisesgndiiesnt, potentially affecting confidence in the
interpretation of vertical hydraulic gradients and connectivity between aquifers.

REGO1REG1@&NndGW967138, monitor coal seams between the MCCM and the Maules Creek alluvium. REG
closer to MCCM and exhibits depressurisation in the dedjns seamnsently represented in the numerical model
albeit to a lesser extent than what is observed. REGO01 is a multilevel VWP site adjacent to Maules Creek
Government monitoring bore GW967138. The monitoring bore has two sensors at different depths, both locate
second layer of the mottmhsequently, the simulated hgghsyare the same. The model simulates the higher
groundwater level observed within the alluvial aquifer and a lower pressure within the underlying Permian |
indicating a downgradient from the alluvium to the underlying bedrock. At RE€BD préissuliéfeiobserved within

the Permian VWP sensors are not well replicated by the model.

6.3.  Triggers and control charts

There are several bores where trigger thresholds are applied with TBZ ¢édlec AP, which is defined as
less than two years of monitoring. Given the duration of operations at MCCM sufficient monitoring data shoulc
available and theliappion of TBC is no longer appropriate.

Further, Section 8.2.3 stalescontrol charting method has not been adopted for metal concentrations as these
variable. Dissolved metal concentrations will be compared to the most appropriate ANZECC gusthitdihes depen
value of the monhgdrdstratigraphy, which generally draws water for stock, domestic and irrigation purposes.

TheWMPshould specdpnd definde analytes and values for the appropriate ANZECC guidelines based on bene
use.

Attachment B of the WMP contains a summary of the water level and water quality time series data including c«
of the data against the triggers. These graphs have not been updated since 2021 or 2022. These graphs need
to allow for a ngarison of recent data against the level and quality triggers.
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7. Conclusions

The ky risk to groundwater resources in the Maules Creek thibaeuatéesing and depressurisation from mining
activities. This dewatering and depressurisatibeniaipccur through long term depressurisation within coal seams
that are targeted by mirerggBraymont seam). Where these coadsisaoys beneath the Maules Creek alluvium,
there is the potential for the coal seam to be in direct connection with the Maules Creek alluvium. Groundwater ir
between these two units may werticallyr laterally

The Maules Creek alluviuroriseptualised to have a relatively high hydraulic conductivity and high storage cay
(specific yieldJ.he geometry of the underlying Permian strata and coal seams appears to modelled so that tt
hydraulic separation between the Maules Creek alluvilrerandnttstratdnder such conditions groundwater
modelling will generally predict minimal dramdtwershallow aquifer

There is ask that the alluvial sediments may nathighaestorage capacity as mogdehédhat there is a greater
hydrauliconnectiobetween the Maules Creek alluvium Bedhien stratdnder these conditions there is a greater
probability of greater drawdown and indirect wdtentakeMaules Creek alluvitman is currently predicted by
AGE (2025and hence drawdown within the alluvium may be more extensive than predicted.
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Daniel Barclay
Principal Hydrogeologist

Education

f Bachelor of Applied Science (Honours), Queensland University of Technol®gg, B83bane,

f Bachelor of Applied Scié@eology, Queensland University of [beghi@yisbane, 1996

Memberships

f Internation@ssociation of Hydrogeologists, Member, Australian Chapter

Employment history

July 2018

2012 2July 2018
200922012
200722009
200622007
200222006

199722002

ills

hydrogeologist

Principal Hydrogeologist / Director

Australasian Groundwater and Environmental Consultants Pty Ltd
PrincipaHydrogeologistanaging Director

Independent Consultant

Senior Hydrogeologist

BHP Billiton, Olympic Dam Expansion Project
Senior Hydrogeologist

Klohn Crippen Berger Ltd
Senior Hydrogeologist

Australasian Groundwater and Environmental Consultants Pty Ltd
Hydrogeologist

Queensland Governnfddépartment of Natural Resources
Hydrogeologist

Daniel has ové&s PHDUV- H[SHULHQFH DV D K\GURJHRORJLVW ZLWKLQ WKH
hydrogeological exposure within the mining environment in Australia, Asia and North America. He has carrie
numerous groundwater assessments withiounddargl open cut mines in Queengandohith Wales,

South AustraliictoriaPapua New Guiaead Laoslis skills include:

~h ~h ~h ~h ~h ~h ~h —h

conceptualisation, design, supervision and mowgjtotingwéter infrastructure
groundwater supply operations;

seepage investigations;

hydrogeochemical assessments;

conceptual modelling;

numerical modelling (FEFLOW, SEEP/W and MOPFLOW

impact assessment and project appndvals;

project management.
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Daniel Barclay
Principal Hydrogeologist

Experience

Environmental licensing:

Daniel has completed numerous annual groundwater monitoring reviews, borefield performance reports
exceedance investigation reports to assist mining companies with regulatory conditions and reporting oblig:
He also has significant experience in undertaking baseline assessments and bore assessments for coal seam g:
as part of egoing requirements under the underground water impact reports.

Such reporting requires scrutiny of existing and historical hydrogeological data (water level and water qu
and relating this back to the hydrogeological understanding of the site and the impacts of the activity on the grour
regime. Daniel understamatdata quality is integral in such assessments to be able to provide good quality advice
the clients. Examples of environmental licensing experience are outlined below:

f

~N ~n ~ s

~h ~h ~h ~ ~ ~ ~ —

Eloise Copper Mine (QLD), Annual Groundwater Review ®epmrdsvater quality trigger
developmeriExceedance Investigations

Callide Mine, Annual Groundwater Review Reports. AWL monitoriampremwister level and quality
trigger developmelikceedance Investigations

Mackenzie North, Annual Groundwater Review Reports. AWL monitoring reports, Exceedanct
Investigations

Progressive Rehabilitation and Closure Plans for Eloise Copper Mine, Callide Mine, Moorvale Mine, E
Athol Mine.

Meadowbrook Project, Underground Water Impact Report
Norwich Park Mine QLD (BMA), Annual Groundwater Review Report
Oaky Creek Mine Q(Blencore), Annual Groundwater Review. Report

Gregory Crinum Mine QLD (BMA), Annual Groundwater Review Report and Borefield Performance Revit
Reports

Cameby Downs QLD (Yancoal), Annual Groundwater Review Report

Surat Basin QLD (Arrow Energy), Bore Assessments and Baseline Assessments

Grassdale Feedlot QLD (Arrow Energy), Bore Condition Report

Ernest Henry Mine QLD (Glencore), Ernest Henry Mine Borefield Performance Review Reports
Ernest Henry Mine QLD (Glencore), Mount Margaret Mine Performance Review Reports

Ernest Henry Mine QLD (Glencore), Ernest Henry Mine and Mount Margaret Mine Trigger Reports
Lady Loretta Mine QLD (Glencore), Annual Groundwater Review Report

Numerous Annual Environmental Monitoring Reports for coal mines in NSW.
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Daniel Barclay
Principal Hydrogeologist

Mining / Extractive industries:

Daniel has a broad range of experience in coal seam gas, quarrying, coal and metalifferous mines within Austi
overseas. His experience includes conceptual model development, design and installation of b
(monitoring, production, dewatering and depressurisation), groundwater sampling, hydrochemical assessments
use of analytical and numerical methods to simulate mine activities. Examples of mining / extractive industry expe
are outlined below:

f Eloise Copper Mimvelopment of a TSF Seepage Management Plan, Groundwater Management Plz
Borefield Performance Review Reports.

Dalswinton Sand and Gravel Quarry. Groundwater Impact Assessment.

Wards Well / Lancewood coal project. Project management for the installation of monitoring bores, vibrat
wire piezometers, dataloggers and collection of groundwater level and quality data to supp
predevelopment baseline monitoring

f Wilson Creek Project (Vitrinite Coal), installation of 15 monitoring bores, dataloggers and collection
groundwater level and quality data to supgevefmpment baseline monitoring.

f Vulcan Complex Project (Vitrinite Coal), installation of 12 monitoring bores, dataloggers and collection
groundwater level and quality data to supgevefmement baseline monitoring.

f Burrum Heads Sand Quaustialian Grazing & Pastorab@mndwater and Surface Water Management
Plans.

Rocky Gully Sand Quarry (Zanows), Groundwater Impact Assessment.
Olympic Dam SA (BHP Billiton Pty Ltd), Olympiexpangion Project

f Oil Sands Mine, Fort McMurray, Alberta, Canada (Suncor Energy Inc.), Drilling supervision of producti
wellfield and monitoring network

Surat Basin, QLD (Kokstad Mining), Bore Assessment for Precipice Sandstone. Evaporative Brine
GregonrnCrinum Mine QLD (BMA), surface geophysics and installation of groundwater monitoring bores

Isis and Gordon Mines, Stradbroke Island QLD (Consolidated Rutile Limited), water management
groundwater modelling, construction supervision of monitoring bores and dewatering systems

f Numerous quarry developments withieasu@LD.
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Daniel Barclay
Principal Hydrogeologist

Water resource assessments

Daniehas undertaken numerous groundwater resource assessments throuigtiadingleskadipssessments,
program design and conceptualisation studies. He has significardrébpg@entcigtallatiomamitoring and
production borgaymping tesasidsamplinddaniel catlevelogchedules astthtegies for lasgalgroundiater
supply projecnd has been involved with large production bore trials and cofAmasaimpilegpf water resource
assessment experience is outlined below:

f

~ ~~ ~ ~ —

~n O~ ~ ~ ~ ~ ~n ~ —

Central Lockyer Valley Groundwater Model (Lockyer Water Users Forum), Review of supporting techni
documents to the draft Water Plan.

Goondiwindi Town Water Supply (Goondiwindi Regional Council), Water licence application

Roma Town Water Sufptyeamline Hydro), Numerical modelling to support a water licence application
Angoram PNG (UDP Consulting), Town groundwater assessment

Bauxite Mine, QLD (Bechtel Services (Australia) PhefitiBtiBe Plant Water Supply

Clarenetoreton Basin QLD (Hampton Irrigators), A groundwater supply assessment, design, constructic
downhole geophysicgitagand pumping test analysis

Surat Basin CMA QLD (Office of Groundwater |sgssohéy#), Technical secondment

SuraBasin QLD (BGroup), lection of Associated CSG Water

Olympic Dam SA (BHP Billiton Pty Ltd), T2dimgé/ater Resource Assessment

Olympic Dam SA (BHP Billitoh e}y Trial Dewatering Project

Lihir Gold Mine North Kapit Stockpile PNG (Lihir Management Cepgugngdlisetion system design
Lihir Gold Mine PNG (Lihir ManageDoenpany), groundwater supply

Lady Annie QLD (Coppeettd), Construction Water Supply

numerous groundwater assesfmnpastoralnd drillingompanies witli.D.

Great Artesian Basin Recharge Project (Queensland Government), drilling of monitoring bores and corin
chloride profiles, monitoring bore constructioblemeégyapers and final report

4XHHQVODQG:V *URXQGZDWHU 5HVRXUFHV 4XHHQVODQG *R
groundwater resource using thelDRA®thodology

Great Artesian Basin Bore Audit (Queensland Government), Dexeddpetedian@Basin Bore Audit

Undertaken baseline assessments and bore asgessheeBisrat Basin in accordance with government
guidelines.
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Daniel Barclay
Principal Hydrogeologist

Min e site dewateringand depressurisation

Daniehasexperienda numerousiine site dewaterangl depressurisagiojectsOf particular note, Daniel was

involved with the Olympic Dam Expansion Project which considered the feasibility of developing a large open cu
at the existing underground mine in South Alisérgdi@ject involvednceptualisatiatesign / plannirznd

constructioof deeewatering boresd depressurisation bores within the operiTpie fiwa@s were operated for

over 12 months in a trial dewatering system which required planning, construction, commissioning and oper:
Daniel was involved in all facets of the trial inel@icigoreof the produced water into a distant limestone aquifer.
Thetrial dewatering wiasorporated intthree dimensional groundwater flow (R&ddlOW}o assess the
effectiveness of the. tBaamples othemmine site dewatering experience are outlined below:

f Phu Kham, Laos (PanAust), Numerical modelling of TSF embankment and open pit

f Lihi_r (_30Io_| Mine, PNG (Lihir Management Company), Groundwater dewateramgl inoaehigigvork
optimisation
Frieda River PNG (PanAQg@n PiFeasibility Study
Burton Widening Project QLD (Peabody Energy Australia), BresvBtepregsurisation Assessment

Ernest Henry Mine QLD (Ernest Henry), Supervised the designing, tender process, drilling and construc
of 5deepiestholes andd2ep dewatering bores.

Groundwater impact assessmertts

Danielhas compilexhd assisted witlimerougroundwater impact assessments for mining operatmens requir
environmental approvite assessmdayycallyequire collection of baseliiaconceptual modelelopment
development of a numerical flow rpogldiition dmpactenthe groundwater regime, and rep@anighas
often played a major part in these assessments providing an effective project manager or project director |
groundwater studies reporting to the EIS .raxaagges gfoundwater impact assesermpattencare outlined
below:

Broadlelsling EA amendmeéatoundwater Impact Asses§imprgress).

GEMCGCsouthern Leases Project, Groundwater Impact Asspssgness)in

CurragiBord and Pillar Project, EA amendment Groundwaikssegsaoent.

RixV - & NaitH Glontinuation Project, EIS Groundwater Impact Assgssgressfin

Big Vein SoudnojectEA application Groundwater Impact Assesgmeress).

Vulcan Mine Compéaad Vulcan South Profestapplicati@roundwater Impact Assessment.
Taronga Tin MirtelS Groundwater Impact AssessHpend(@ss).

Carborough Downs South Extéhsient, EA amendment Groundwater Impact Assessment.
Olympic Dam SA (BHP Billiton PtyQ@lginpic Dam Expans$tonject

Aurukun bauxite (Glencore), EIS Groundwater Impact Assessment

Frieda River PNG (PanAustl;BL$idwater Impact Assessment

Moranbah South QLD (Hansen Bail&rpui@wvater Impact Assessment

Rocky Hill Project NSW (R.W. Corkei$z6undwater Impact Assessment

Taroborah QLD (AARCE Hroundwater Impact Assessment

Broughton QLD (U&D), EIS @datater Impact Assessment

~N YR YR K R K R 1 ~h ~ ~ ~n ~ ~n —4
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Daniel Barclay
Principal Hydrogeologist

Numerical modelling:

Daniel has individually developed and completed numerous numerical flowas@elsiwelopment activities

both in Australia and overseas. These models include both finite difference and finite element models including FE
MODFLOW and SEEP/W. In addition tdDidusel has been involved with a large number of numerical models
providing conceptual irtputhe modellers or providing project management andeaicigrhes ofimerical
modellingxperience are outlined below:

f MoranbaNorth Extension Project, Numerical modelling to support the Water Bepsystent
Management Plan.

Esmeraldaflow assessmddtimerical modelling of pit inflows to support the preliminary site water
balance

Jericho Proje®tumerical modellingstgpporthe Underground Water Impact Report

Roma Town Water Supply (Streamline Hydro), Numerical modelling to support a water licence applicatic
Phu Kham Mine, Laos (PanAust), Numerical modelling of TSF embankment and open pit
Ernest Henry Mine QLD (Glencore), Regaatadling and impact assessment

King Vol Mine QLD (Auctus), Underground Water Impact Report

Mt Dromedary QLD (GraphiteCorp), Underground Water Impact Report

Surat Basin QLD (Arrow Energy), RegionalgaBGAssessment Mogdell

OK Tedi, PNG (OK Tedi Mining Ltd), Sand Stockpile 3D Groundwater Model

Lady Annie QLD (CopperCo Ltdpdwitatering 3D groundwater model

Ok Tedi PNG (OK Tedi Mining Ltd), [elleiteent groundwater pit model

Olympic Dam SA (BHP Billiton Pty Ltd), El@®xataimmodel and pit dewatering

Waldon Pit WA (Northern StarurRess) rhpact assessment of supernatant disposal.

Training

~

~N YR R K R K ~h ~ ~ ~ ~ —n

Professional writing workshop, presented by Professional Writing Australia, 2013
Apply First Aid and CPR (formerly Senior First Aid),268éwed
Coal Board Medical, rene2024

Generic Mine Inducti®Btandard 1&Surface Operations, Training in coal mines as set by the Queensland
Mines Inspectordét624

~ ~ —~ —%

f 1@h Australian Groundwater School, Centre for Groundwaté®S8udies,
Publications

f Kellett J.R., Ransley T.R., Coram J., Jay&=auklay D.F, McMahon G.A., Foster L.M. and Hillier
-5 Groundwater Recharge in the Great ArntsienBBdsinQuegunslandQDO 5HSRUW IR L
Project #982713. Sustainable Groundwater Use in the GAB Intake Beds, Queensland.

Conference presentations

f $XVWUDODVLDQ *URXQGZDW Applicaioq dHitihge® [Evéls for groumii@aia téddirce
development

April 2025
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ANDREW MACDONALD
Principal Hydrogeologist

Education

f Master of Hydrogeology and Groundwater Management, University oESdoles0dyy
f Bachelor éfpplied Science (Environmental Management)ilassity, New ZealaRa(B.

Memberships

f International Association of Hydrogeologists (IAH), Australian Chapter

Training
f Applied First Aid and CPR, July 2024
f Sonic Health Plus Fitness for Work and Drug &14lé@iwlary 2024
White Card WoiRafely in the Construction Indastty
Full ManudlU L Y Hogn3aé
Mining Supervisor S1, SZEY

~ ~ —

Employment history

f July 2024 to Present hydrogeologist
Principal Hydrogeologist

2023 to 2024 Worley Consulting, Brisbane
Principal Hydrogeologist

2021 to 2023 CDM Smith Consulting, Brisbane
Senior Hydrogeologist

2018 to 2021 WSP Consulting, Brisbane
Senior Hydrogeologist

2016 to 2018 SLR Consulting, Brisbane
Senior Hydrogeologist

2014 to 2016 Gilbert & Sutherland Pty Ltd, Brisbane
Hydrogeologist

2012 to 2014 Fluor/SANTOS GLNG Project
Environmental Water Specialist

2011 to 2012 URS Corporation
Hydrogeologist

2008 to 2011 Mighty River Power, New Zealand
Geothermal Engineer

2005 to 2008 Mighty River Power, New Zealand

Geothermal Technician
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ANDREW MACDONALD
Principal Hydrogeologist

Skills

Andrew is a Hydrogeologista@ifears of experience in a wide range of groundwater projects in Australia, speciali
in hydrogeological investigations in the evaluation and management of groundwater resources across a
industry sectors including mining, energy and ioonstiecthas additional expertise in mining hydrogeology,
project management, conceptualisation and desktop assessments, risk and impact assessments, aquifer
characterisation, groundwater monitoring network design and analykicak&ilislyscsude:

f hydrogeological conceptualisation
goundwater impact assessment and regulatory approvals
bore field planning, design, commissioning and assessment

drilling supervision and aquifer testidg

f

f

f goundwater monitoring and assessment

f

f onedimensional (1D) and two dimensional (2D) modelling

Experience

Project Experience 2Mining

Principal Hydrogeologist | Lake Vermont Northern Extension ProjeGtQLD| Jellinbah Group| 2025

The project scope of work wesviewthe 3D groundwater model results and assessed the predicted impacts fr
groundwater drawdown, including impacts on surface watee33ggtsundwater models developesizart

of the Project approval conditions and the groundwater modet nesidieed to assess predicted drawdown
impacts

Principal Hydrogeologist | Walton Project, QLD| Magnetic South| 2025

The project scope of work wesvtew of thexisting groundwater monitoring nefarotkeProject approvals
Theassessmevdagequired to determine if the network provides adequate coverage of potential pathways to rece
Principal Hydrogeologist | Fairhill Coal Mine and Wilton Mine, QLD | Futura Resource$ 2025

The project scope of work wasrplete anvestigation into consectiwgronmental Authottitigger value
exceedances

Principal Hydrogeologist | Wilton Mine, QLD| Futura Resource$ 2025

The project scope of work warefmre an Annual Groundwater Monitoring Report and review of the Groundwat
Monitoring Programensure iheets the requirements of EA conditions

Principal Hydrogeologist | Washpool Project QLD | Magnetic South| 2025

The project scope of work wasview the existing bore network against the current mine plan layout and tt
hydrogeological setting of the Project region to determine a network that provides adequate coverage of
pathways to receptors

Principal Hydrogeologist | Meadowbrook Extension Project QLD | Bowen Basin Coag) 2025

The project scope of work wads/eop an underground water impact report (UWIR) for the Meadowbrook Extensi
Project in central Queensland. The projeektisnaion of the existing operational Lake Vermont open cut mine
operated by Bowen Basin Coal Pty Ltd and will consist of an underground longwall mine with a small satellite

pit.
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Principal Hydrogeologist

Principal Hydrogeologist | Gemini Project QLD| Magnetic South| 2025

The project scope of work wasvelop an underground water impact report (UWIR) for thEnerBjegect is

located approximately 150 km to the east of Rockhampton and 8 km west of the town of Dingo.

Principal Hydrogeologist | Fairhill Coal Mine, QLD| Futura Resource$ 2024

The project scope of work wasstss the groundwater monitoring network for th&Rvajectental Authority.

The assessment considered the logic andsatoiskr with the proposed monitoring bores.

Principal Hydrogeologist | Gemini Project QLD| Magnetic South| 2024

The project scope of work wdeuelop an underground water impact report (UWIR) for the Project, on behalf «
Magnetic South to satisfy the Project regulatory conditions.

Principal Hydrogeologist | Jellinbah Mine, QLD | Jellinbah Group| 2024

The project scope of work wasotade input into the closure studies including three dam options which require
groundwater infloassessmeni$ie approximate volume of seepage fremrirdmenentatiam to the pives
FDOFXODWHG EDVHG RQ 'DUF\:V /DZ

Principal Hydrogeologist | Gemini Project QLD| Magnetic South| 2024

The project scope of work wis/elop groundwater monitoring program to satisfy the Project regulatory conditions

Principal Hydrogeologist | Washpool Coal Mine ProjectQLD| Magnetic South| 2024

The project scope of work was/iew the existing groundwater monitoring bore network against the current mir
plan layout and the hydrogeological setting of the Project. The rdmortgaseddmenwhether the existing
monitoring bore network pravadequate coverage considering contemporary regulator guidelines, environme
valuesand stakeholder expectations.

Principal Hydrogeologist | Wilton Coal Mine, QLD | Futura Resource$ 2024

The project scope of work wawestigate the groundwater gerati@edanceiscontaminate ligiit accordance

with EA Conditisn

Principal Hydrogeologist | Lake Vermont Northern Extension ProjectQLD| Jellinbah Group| 2024

The project scope of work wasstss potential groundwater impacts due teath@ibpgtension area associated
with the Phillips Creek diversion realignment.

Principal Hydrogeologist | Lake Vermont Northern Extension ProjectQLD| Bowen Basin Cod| 2024

The project scope of work wamtplete amderground Watdionitoring Program to satisfy the Project regulatory
conditionsThegroundwater model resuéieereviewed to assess the predicted impacts on surface water.

Principal Hydrogeologist | Vecco Critical MineralsProject, QLD| Vecco Industrial| 2024

The project scope of work wadevelop a groundwater impact assessmgoport an application for an
environmental impact statement (EIS). The repedttlietaiisting groundwater environment, investigations
undertaken, a numerical groundwater model and assessment of the potential for groundwater level impacts.
Principal Hydrogeologist | Central North Extension ProjectQLD| Jellinbah Group| 2024

Annual Groundwater Monitoring Report for the Central North Extensign Piojg¢t VIV WKH FRQGLWLFK
Associated Water Licence.
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Principal Hydrogeologist

Principal Hydrogeologist | Mackenzie North Project QLD| Jellinbah Group| 2024

Annual Groundwater Monitoring Report for the Mackenzie NottR PtV LVI\ WKH FRQGLWLR!
Associated Water Licence.

Principal Hydrogeologist | Caravel Baseline Groundwater Monitoring Plan, WA | Caravel Minerals |
2024

The project scope of work was to develop a Groundwater Monitoring Plan (GWMP) which considers the Bi
Dasher Pits, associated infrastructure, and neighbouring environmental receptors, including the Lake Nina
Reserve and associated watededhe GWMP was developed based on the results from the numerical modell
Caravel required a monitoring plan which provided statistically relevant baseline data for water quality and we
at the proposed project site. The groundwatemgnqiéto was based on existing and proposed monitoring bore
locations to support future proposed work and included establishment of a baseline groundwater monitoring |
include seasonally variability, monitoring frequency and methods.

Senior Hydrogeologist | Kimberley Mineral Sands Hydrogeological Assessment, WA | Thunderbird
Operations | 2023

Project manager for a hydrogeological assessment supporting the Kimberley Mineral Sands Project. The obje
hydrogeological assessment was to collect, analyse and report data in relation to the environmental setting of t
The projectwolved a desktop hydrogeology assessment, conceptual model development to identify key featt
develop a description of beneficial uses of groundwater.

Senior Hydrogeologist | Hydrogeological Assessment Mt Magnet, WA | Liontown Resources | 2023

Project manager for a groundwater assessment and investigations to determine the quantity and quality ©
groundwater in the vicinity of Mt Magnet, nominally in a 70km radius.

Senior Hydrogeologist | FMG Mindy South GW Model, Mindy South, WA | Fortescue Metals Group |
2023

Project manager for Mindy South Groundwater Modelling Study (the Project) to Fortescue Metals Group

(FMG). Including: Phase 1 Data review and conceptual model development. Phase 2 Leapfrog and groundw
construction, calibration andtiségsanalysis, presentation. Phase 3 Model predictions, uncertainty analysis
impact assessment. Phase 4 Presentation of numerical model results in the Leapfrog model. Phase 5 Detaile

Senior Hydrogeologist | Sth32 Worsley Numerical Model Review | Worsley Alumina, WA | 2023

BURMHFW PDQDJHU IRU DQ LQGHSHQGHQW PRGHO UHYLHZ DQG VI
Department of Climate Change, Energy, the Environment and Water (DCCEEW) about various potential img
groundwater and surface watediimg drawdown, mounding, acid sulfate soils (ASS) and salinity.

Senior Hydrogeologist | South32 Extended Hydrogeological Assessment | Worsley Alumina, WA |
2023

Project manager for the South32 Worsley Alumina Pty Ltd Joint Venture (South32) with water related
supporting the Extended Mining Areas called Quindanning and Hotham North Project (the Project). Including:
Desktop Assessment and BSsadipePhase 2 Drilling, Bore Construction and Testing. Phase 3 Modelling, Poter
Impacts and Final Reporting.
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Senior Hydrogeologist | Lady Loretta Mine Groundwater Closure Report, Hydrogeology, Australia |
Glencore | 2022

The objective of the Lady Loretta Mine groundwater scope is to characterise the key hydrogeological features
represent these in the model domain and @ornaidérants afncern in relation to the groundwater at the site.
Toassist in assessing groundwater system response to mine closure it is necessary to update the hydr
conceptualisation and the existing numerical groundwater flow model to support CoC fate and transport predit
solute transport modelling

Senior Hydrogeologist | Glencoe Mine Site Water Studies, NT Australia | ERIAS Group | 2022

Provide advice on the most efficient option/s for collecting site specific data to enable development of a n
groundwater model. Water related studies supporting the Mt Bonnie Oxide Project consists of the following
assessment and baselihe drilling, bore construction and testing, modelling, potential impacts and final reportin

Senior Hydrogeologist | Brocks Creek Dewatering Strategy Hydrogeology, NT Australia | Bacchus
Resources | 2022

Complete the NT EPA referrahssifssment and present this and the dewatering strategy to the NT EPA. To su
statements relating to any potential for influence of groundwater quality, develop graphs of select water
parameters to make aferaf-magnitude assessment of the difference between water quality within the p
(Alligatoland Faded Lily) and relevant groundwater bores.

Senior Hydrogeologist | Brocks Creek Dewatering StrategyHydrogeology, Australia | VHM Limited
| 2022

Under the Environment Effects Act 1978 VHM is required to prepare an Environment Effects Statement (EES
the potential environmental impacts of the project. The project involved a desktop hydrogeology assessment, «
model developmentmauical groundwater modelling, forward particle tracking and potential Impacts.

Senior Hydrogeologist | Environmental Impact Statement Response and Groundwater Monitoring
Plan, Fountain Head Gold Project, NT | ERIAS Group Australia | 2021

Address comments made from the Department of Environment, Parks and Water SemgaydifigEPWS)
monitoring groundwater drawdown and mounding. Update the Water Management Plan (WMP) to incor
groundwater drawdown and mounding triggers. Develop a Trigger Action Plan if the groundwater triggers are e

Senior Hydrogeologist | Groundwater Model and Mounding Assessment, Goschen Project, Victoria |
VHM Limited | 2021

Develop a conceptual site model and associated numerical model to support a preliminary risk assessmen
with groundwater mounding at the Goschen Project. The objective of the groundwater model is to assess |
impacts associated withagedrom tailings and potential groundwater mounding impacts.

Senior Hydrogeologist | Bengalla Mine Groundwater Inflow to Open Cut Pit Assessment, Bengalla,
NSW | Bengalla Mining Company | 20182021

Assessment of groundwater inflows to the open cut pits to complete the annual water balance for the Beng
(Bengalla) Annual Review (AR). Estimates of likely groundwater inflows to the pit were made using an a
equatioased groundwatewfmodel.
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Senior Hydrogeologist | Valeria Project, Emerald, QLD | Glencore Coal Assets | 2020

As part of the development of a data sourcing strategy and baseline characterisation for groundwater studies,
existing landholder groundwater bores and hydraulic tests on the existing monitoring network was conducted
The purpose difet study was to inform groundwater conceptualisation for the groundwater impact assessme
document pertinent hydrogeological information.

Senior Hydrogeologist | Valeria Project, Emerald, QLD | Glencore Coal Assets | 2020

A review of data collected for the Valeria project relevant to the groundwater studies was conducted, and a ge
of the available data. Development of a preliminary groundwater sampling plan considering groundwater in
with surface waterhe analytical suite selected was based on field investigations to confirm that identified groun
and surface water environmental values and water quality objectives were not compromised.

Senior Hydrogeologist | Bayswater North Pit Dewatering Rate Curves, Ravensworth, NSW | Glendell
Coal Mine | 2020

Hydrogeological and geotechnical assessment of the final high wall in the Bayswater North Pit (Ravensworth |
The assessment included an analytical assessment to calculate a range of dewatering rates over time assoc
variance of afgu parameters and proposed mining block length and depth.

Senior Hydrogeologist | Mt Owen West Pit Seepage Bores, NSW | Mt Owen Coal Mine | 2020

Update and review the existing conceptual site model (CSM) with respect to the additional information availak
West Pit TSF operation and West Pit Tailings Aquifer. Develop a Leapfrog model and incorporate existing m
pit shell, groundiga level and Bayswater seam to allow for siting of a test seepage recovery bore and ass
monitoring locations for aquifer testing. Analytical assessment to locate appropriate test production and monitc
separation distandestermine bortocations (test production and monitoring), construction details and the
specifications for aquifer testing.

Senior Hydrogeologist | Water Management, NSW | Glencore Coal Assets | 2019

Study of alluvial impacts on key trench and cut off design for levees. To assess the impact and influence th
JUDYHO DOOXYLXP VRLOV PD\ KDYH RQ NH\ WUHQFK RU FXW RII G
Senior Hydrogeologist | Bulga Coal Mine Extension Project, Bulga, NSW | Glencore Coal Assets | 2019
Development of a tdimensional seepage model using SEEP/W for a stability and seepage assessment atthe M
Warkworth/Bulga boundary for a proposed Northern Tailings Storage Facility expansion.

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) ProceBorefield investigation

and relocation, Groote Eylandt, NT | Soui32 | 2019

To assist in selecting potential sites for the relocation of the existing process borefield. A staged approac
relocation of the existing borefield was conducted, with the initial assessment based on calculated borefield
and interferenadfects. The second assessment involved development of several geological sections t
interpretation of the basement topography and locate potential areas of paleochannel sediments.

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) Groundwater monitoring bore
census, Groote Eylandt, NT | South32 | 2019)

Hydrogeologist to complete the mine bore census and the stfitld gfdbedwater monitoring locations.
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Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCQO) TSF11 Groundwater Impact
Assessment, Groote Eylandt, NT | South32 | 2019

To develop a twdimensional seepage model using SEEP/W to assess risks associated with seepage and grc
mounding associated with an embankment rise to TSF11. Outcomes of the assessment included a descriptive
of the potential risks toumdwater associated with the TSF development and assessment of the interceptor
performance on mitigating seepage to the adjacent significant site.

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) Numerical model development
and collation of Existing Data, Groote Eylandt, NT | South32 | 2019

Complete the data collation review and assess the suitability of the existing datasets, determine the informe
and confirm the requirements for additional field investigations.

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) TSF15 Hreasibility Study,
Groote Eylandt, NT | South32 | 2019

Desktop review of available datasets and reports to characterise the local hydrogeology, simulate mounding in
on existing groundwater levels at each of the proposed TSF locations, description of likely fate of transport ir
sensitive reptors and ranking of each proposed location based on the hydrogeological assessment.

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) TSF15 Hreasibility Study,
Groote Eylandt, NT | South32 | 2019

ASN quarry and TARP assessment. This included a review of available MVT groundwater level monitoring dat
2016 to 2018. The development of groundwater level trigger values based on the datasets and HARTT
Thedevelopment of a Trigger Action Response Plan and remedial actions should triggers be exceeded.

Senior Hydrogeologist | Curragh Coal Mine Expansion Project, Blackwater, QLD | Coronado Curragh
| 2019

Development of a drilling fieldwork plan to complete the installation of the monitoring bores. Including monitorir
locations and target formations, installation methodology and construction requirements, aquifer testil
groundwater sampling nugitogies and a project schedule with proposed timelines for delivery of key milestone:

Assessing reference monitoring site locations for Groundwater Dependent Ecosystems (GDESs) and develoy
GDE monitoring program to improve the understanding of GDE dependence on groundwater systems around
pits and monitor potential impacts.

Senior Hydrogeologist | Cannington Mine, Cannington, QLD | South32 Cannington | 2018

Refining the hydrogeological understanding of the groundwater systems to improve the mine dewatering strat
Senior Hydrogeologist | New Acland Stage 3 Project Mine Expansion, Oakey, QLD | New Hope Group

2016- 2018

Hydrogeologist for a range of studies being undertaken in response to project approval conditions, including: n
bore drilling and construction, aquifer testing, routine monitoring and sampling, landholder liaison for Make
agreements, and ghanning and implementation of farm bore baseline assessments.

Senior Hydrogeologist | Sarsfield Expansion Project, Ravenswood, QLD Carpentaria Gold | 2017

Hydrogeological assessment and analysis of the Sarsfield expansion project, EA amendment applicatior
desktop review, groundwater risk assessment and proposed monitoring program.
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Senior Hydrogeologist | Groundwater Monitoring New Acland Mine, ClarenceMoreton Basin,
Southeast Queensland, QLD | New Hope Coal | 2018017

Report author for six monthly reviews of groundwater monitoring data to identify any environmental harm rel
groundwater from mine operations.
Senior Hydrogeologist | Glencore OCAL Mine Complex Closure, Edgeworth, NSW | Glencore | 2016

Hydrogeological assessment and analysis of the Detailed Mine Closure Plan for the entire Oceanic Coal Austr
(OCAL) Complex, including desktop review, groundwater risk assessment, proposed monitoring progra
compiling numericabdellinglatasets.

Hydrogeologist | Boral Quarry Expansion, Gold Coast Quarry, QLD | Boral | 2016
Desktop review, hydrogeological regime investigation, groundwater impact assessment and reporting.

Hydrogeologist | Gravel Quarry Groundwater Assessment, Brisbane, QLD | Neilson Group Gravel
Quarry | 2015

Report review, including investigation and assessment of groundwater impacts.

Hydrogeologist | Quarry Groundwater Assessment, Mt Moriah Basalt Quarry, Toowoomba, QLD
| Private Landholder | 2015
Desktop review, hydrogeological regime investigation, groundwater impact assessment and reporting.

Field Hydrogeologist | Glencore Wandoan Project, Wandoan, QLD | Glencore | 2011

Field hydrogeologist including undertaking landholder bore census, groundwater monitoring network drilling ins
and water quality analysis.

Field Hydrogeologist | BMA Goonyella Riverside Mine Expansion, Moranbah, QLD | BMA | 2011
Field hydrogeologist for the installation of a groundwater monitoring network and site monitoring.
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Coal Seam Gas

Senior Hydrogeologist | Groundwater Monitoring Event, APLNG Curtis Island GME, Gladstone QId |
2023

Project manager for the ConocoPhillips (CoP) 2023 Groundwater monitoring event (GME) at the Australia
Liguified Natural Gas (LNG) Facility (the Facility) on Curtis Island. The GME formed part of an ongoing, pr
groundwater monitoring andag@ment program (GMMP, 2018) that has been implemented at the Site.

6HQLRU +\GURJHRORJLVW _ 6KHOO 4*& 3RQG 6HHSDJH '"HWHFWLRC
Area, Miles Qld | 2023

Project manager for the Shell QGC with water related studies supporting the pond seepage detection bore
Including a detailed assessment for water present within the seepage monitoring bores to determine the lik
source. The seepage tamidwore network was installed in Q4 2022. The network is installed southeast of Mil
Queensland around ponds called Berwyndale South Pond 4, Kenya Large, Rhynie, Orana 1, Condamine Po
Pond 1 and Condamine Power Station Pond 2.

Senior Hydrogeologist | Coal Seam Gas landholder bore baseline assessments, Bowen Basin, QLD |
Galilee Energy | 2018 2021

$QQXDO SODQQLQJI DQG LPSOHPHQWDWLRQ RI *DOLOHH (QHUJ\.V ¢
Energy Basin tenement ATP 2019.

Senior Hydrogeologist | Coal Seam Gas Hydrogeological Services, Brisbane, QLD | SANTOS | 2018
Preparation and submittal for groundwater monitoring and extraction data to the Office of Groundwater
Assessment (OGIA).

Hydrogeologist | Coal Seam Gas Upstream Plant Construction, Surat Basin, QLD | Fluor Santos GLNG

| 2012- 2014

Assessment including conceptual and analytical model development and environmental impact monitori
groundwater construction supply bore network.

Hydrogeologist | CSG Beneficial Reuse, Surat Basin, Dalby, QLD | Arrow Energy | 2011

Coal Seam Gas water treatment and beneficial reuse groundwater assessment including monitor bore ir
permeability testing, groundwater modelling, long term monitoring.
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Groundwater Resources and Management

Principal Hydrogeologist | CSBP Albany Fertiliser dispatch Depot Site, WA | Wesfarmers Chemicals,
Energy and Fertilisers | 2024

The project scope of work was to develop a comprehensive options study report for the permanent treat
phosphorus and nitrogen contamination of stormwater runoff from the Albany fertiliser dispatch depc
Theobjective of the hydrogeological assessment was to collect, analyse and report data in relation to the envi
setting of the Project. The project involved a desktop hydrogeology assessment, conceptual model develc
identify key features dadelop a description of beneficial uses of groundwater. Numerical modelling and sc
transport modelling were completed to support CoC fate and transport predictions via solute transport modell

Principal Hydrogeologist | Groundwater Resource Assessment, QLD | Queensland Government
Department of Regional Development, Manufacturing and Water | 2024

The objective of the Groundwater Resource Assessment Implementation Area 1 project was to prepare
providing a groundwater assessment and impact assessment for Implementation Area 1 of the Locky
Groundwater Management Area to asssesaheoutcomes and measures. A desktop hydrogeological assessn
and conceptualisation of the groundwater system was completed for the Implementation Area 1 of the Lock)
GMA for hydrogeological characteristics. Impact assessment vam dhmetelitions required for the
sustainable management of groundwater in Implementation Area 1 of the Lockyer Valley GMA, and the in
groundwater recharge and use on the groundwater flow system that supports them. Includipgtatdigification of
impacts, both positive and negative, including consideration of how the take of groundwater has impacted, an
to impact, groundwater storage, induced recharge, and discharge processes.

Senior Hydrogeologist | Mount Rawdon Pumped Hydro Project, QLD | Evolution Mining | 2023

Groundwater assessment works to inform the Environmental Impact Statement (EIS) for the proposed Mt
Pumped Hydro Project. Including a substantial groundwater modelling component and geological modelling (L
groundwater flow modelling, sdhansport modelling and water balance modelling.

Senior Hydrogeologist | Hydrogeological Assessment for Five Remote Landfill Sites, NT | East Arnhem
Regional Council | 2022

The objective of the work was to undertake field investigation and desktop hydrogeological assessment to cl
the underlying aquifer systems in proximity to the landfills for hydrogeological characteristics using availabl
and informationThe purpose was to inform environmental management planning, hydrogeological studies
completed on five landfill sites.

Senior Hydrogeologist | Former Caltex Depot Kingaroy (Site ID: 11715) Groundwater Remediation
Action Plan (RAP), QLD | Ampol Australia Petroleum Limited | 2021

Analytical groundwater simulation using the software AnAgSim was developed to simulate pumping and
scenarios to the aquifer system, providing indicative results to inform the ROA and risk assessment.

Senior Hydrogeologist | Sydney Water Corporation in partnership with D4C, NSW | D4C | 2021

Calculate groundwater inflows into trench and excavation in accordance with the Sydney Water Planning al
Guideline titled Ground Water Management Working Draft, May 2020. A s&tht¥ astabtigal solutions of
groundwater inflows to operaeation or trench were used for estimate of rates of groundwater flows during
project work timeframe. The solutions usdimaeBsional steady state analysis. This analytichlasgdation
methodology is suitable for minor and moderate gronteiaciens.
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Senior Hydrogeologist | Finland Road water main replacement Groundwater Assessment, Sunshine
Coast, QLD |Unity Water | 2019

Hydrogeological assessment component for the Finland Road water main replacement project. Slug te
permeability analysis for monitoring bores was completed and groundwater inflow estimates into an open tre
an analytical model approdeh sdftware package AQTESOLV was used to analyse transient groundwater
modelling and simulate head contours under postulated injection scenarios.

Senior Hydrogeologist | 7 Eleven remediation Wickham, Newcastle, NSW-{Eleven Stores | 2019

Hydrogeological assessment component for the underground petroleum storage system (UPSS) replaceme
at the Eleven Wickham Service Station. The software package AQTESOLV was used to analyse the hydrauli
analytical equations usemldolate groundwater inflows into the open excavations.

Senior Hydrogeologist | Groundwater Inflow Assessment, Melbourne, VIC | South East Water | 2019
Hydrogeological assessment component of the Pakenham East Branch Sewer. The assessment includec
groundwater inflow rates into trenches using an analytical model approach.

Senior Hydrogeologist | Numerical groundwater model, Melbourne, VIC | Program Alliance (SPA)

“$:3 p _

A preliminary dewatering design for the excavation and construction works was completed using a 2D SEEP/
to assess the effectiveness of a horizontal bore to dewater to below the base of the excaiopesibin a ninety
and to predict detering discharge rates. An independent review of the preliminary dewatering design was con
by developing a local conceptual hydrogeological site model, based on thestatidadpdibyidformation,

which included bore completion tpg&eraest data, and groundwater level information. A local 3D MODFLOW
groundwater model was then developed for the Mentone site to verify the 2D SEEP/W assessment.

Senior Hydrogeologist | PFAS groundwater investigations, Katherine, NT | Tindal Air Force Base 2018
Drilling and bore construction for PFAS investigations. Pumping test analysis and results using the softwar
AQTESOLV. Well network design using AnAgSim software and analytical equations to determine well spa
network design for a PFASrtesd process.

Senior Hydrogeologist | Pilot Wells, Oakey, QLD | Oakey Air Force Base | 2018

Pumping test analysis and results using the software package AQTESOLV. Well network design using AnAgSi
and analytical equations to determine well spacing and network design for a PFAS treatment process.
Senior Hydrogeologist | EIS MIM Landfill Expansion, Mount Isa, QLD | Mount Isa Mines | 2018

Hydrogeological assessment of existing landfill site, detailed risk assessment for landfill expansion area and
of environmental values.

Senior Hydrogeologist | Impact Assessment Report, Rushes Creek, NSW | Proten | 2016

Groundwater assessment and potential groundwater impact report for the Preliminary Environmental Ass
(PEA).

Hydrogeologist | Groundwater Monitoring Program Assessment, Braddon, ACT | SESL Australia |

2015

Review and report on groundwater monitoring program objectives and historic water quality results for a conte
groundwater site.
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Hydrogeologist | UCG Investigation, Gold Coast, QLD | Gilbert & Sutherland | 20142016

Underground Coal Gasification groundwater impact assessment including hydrogeological evaluation and
reporting.

Hydrogeologist | Groundwater Impact Assessment, Armidale, NSW | URS | 2011

Hydrocarbon contaminated land impact assessment, groundwater monitoring and reporting.

Geothermal

Senior Hydrogeologist | Geothermal Assessment, Pacific Dunes, QLD | Pacific Dunes Golf Course| 2019

Geothermal assessment and characterisation of the local hydrostratigraphy at the Pacific Dunes site to descrik
parameters, aquifer yields, aquifer water quality and regional geothermal gradient.

Engineer / Operator | Geothermal exploration and operational steam field monitoring and testing,
Taupo, New Zealand | Mighty River Power | 20052011

Exploration and resource assessment for geothermal fields named Mokai, Rotokawa, Kawerau and Nga A
Including well test design, wire line logging, completion testing, output testing, production testing, drill stem t
tracer testing, fieldnda resource compliance monitoring, database management, telemetry installati
projecmanagement, data management and interpretation, detailed technical reporting. Rotokawa Geotherme
Station operator

January 2025
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Maules Creek Continuation Project

Peer review of Social Impact Assessment
Prepared by Dr Richard Parsons, August 2025
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https://www.planning.nsw.gov.au/policy-and-legislation/social-impact-assessment
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/136329/aquifer-interference-policy.pdf
https://www.planningportal.nsw.gov.au/major-projects/projects/maules-creek-coal
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Disclaimer

The Envirofactor Pty Ltd has prepared this report based on generally accepted practices and standards at the tim
prepared. Whilst every effort is made to provide the mostasgate and accurate information, The Envirofactor Pty Ltd dq
not assume responsibility for any errors or omissions in published sources. No other warranty, expressed or implieas iS
to the professional advice included in this report. The methodology adopted and sources of information used
Envirofactor are outlined in the report. This report was prepdmesiveen8h Julyand 27t July2025and is based on the
conditions encountered and information reviewed at the time of preparation. The Envirofactor Pty Ltd disclaims respo
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EXPERT ADVICE REGAREHAIBAPACTSn THREATENED
ECOLOGICAL COMMUNITaE8e MAULES CREEK
CONTINUATION PROJECT

Statement of expertise

I Wendy Hawesam a qualified Ecologist with a Bachelor of Science and Master of Science
(prelim) from the University of New England. As a result of my previous and current
employment | have over32 years[experience in floraeand faunasurvey assessmenand
provision vegetation management advice on public and private ilahNEW.

| have prepared this repoih response to an expert brief provided Brace HuangSolicitor
from the Environmental Defenders Office (EP@) behalf ofthe Maules Creek Community
Council In its preparation | havead, understood and complied wifbivision 2 of Part 31 of
the Uniform Civil Procedure Rules 20QECPR), and the Expéffitness Code of Conduct
(Code of Conduct) contained in Schedule 7 of the UCPR

In respectthe ecological communities in the brief | have the following experience and
expertise. RegardingZ]3 }/& z o0o}A }/& o | geaSdywabdlang andderived
native grasslandscritically endangered ecological commun{gubsequently referred tosa
Box GumNoodlandCEEXand the threatened species it supports, my experience includes:

- participation on the CommonwealtCth) Department of EnvironmentWater,
Heritage and the Arts (DEWHA) [n@th Department ofClimate Change, Energy, the
Environment and WatefDCCEEVWY expert panel to establish a threshold definition for
tZ]3% }E z oo}A }E ol oC[e Z 'Uu P@E +«C A}l ov v
grasslands

- preparing the draft National Recovery Plan foZ]$ }ZE z 00}A }E ol oCJ[e
Gum grassy woodland and derived native grasslands

- numerous onground surveys and assessments withime Box Gum Woodland
ecological community for:

f  clearing applications and compliance actions under NSW native vegetation
legislation

f  compliance actions under tHePBC Act

- the presence of the Box Guroodland CEEC on a mining development at
Muswellbrook for DEWHA (noldC@EBN)

- identification of high conservation value vegetation on Travelling Stock Routes within
the Border Rivers Gwydir Catchment Management Authority (CMA) and Lachlan CMA
areas(now Northern Tablelands and Riverihacal Land Services ar@aspectively
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voluntary conservation agreements under NSW Office of Environment and Heritage
(OEH) Conservation Partnerships Program and NSW Biodiversity Conservation Trust

baseline data and egoing monitoring ofBox Gum Woodland CEEC at Ross Hill
Reserve, Inverell for GWYMAC Landcare Inc

OEH Central West Native Vegetation Mapping Program
Nandewar Regional Biodiversity Fauna Assessment Survey
Split Rock Dam Stage 1 Upgrade for NSW State Water Corporation

groundtruthing Box GumiWoodlandCEE@appingon the Maules CreelCoal Mine
Northern Offsetdor the Environmental Defenders Office

co-authorship and/or contribution to publications relevant to the assessment and
management of this community including:

f Nadolny C, Hunter JT and Hawes W (2048)ive Grassy Vegetation in the
BorderRiversGwydir Catchment: diversity, distribution, use and managen#ent.
report to the Border River&wydir Catchment Management Authority

f Nadolny C et al (2003) Grassy Vegetation in Netstern NSW and Guidelines
for its Management for Conservation. Armidale Tree Group, Armidale, NSW

f Department of Land and Water Conservation (1988grim Guidelines for
targeted and general flora and fauna surveys under Nwgtive Vegetation
Conservation Act 1997. Centre for Natural Resources NSW Dept of Land and
Water Conservation, Parramatta

f Turner K and PL Smith (1996) Guidelines for assessing the significance of native
vegetation removal on threatened species, populations, or ecological
communities, or their habitats. Dept of Land and Water Conservation
publication.

A 0}%u v8 }( s « (EHistofyw o Box Bum Grassy Woodlgnd } E §Z
Grassy Box Woodland Conservation Management Network.

training government agency field/assessment staff in the identification of Box Gum
Woodland CEEC includiBgrder Rivers Gwydir, Namoi and Central West MW
Local Land Services (LL&Nd NSW Dept Environment and Heritagéipdiversity
DevelopmentAssessmenReport (BDAR)

participation on CSIRO and NSW Department of Environment Climate Change and
Water (DECCWow NSW BEEWI]expert panel to determine benchmarks for native
vegetation communities, used in the Property Vegetation Planning Tool for the
assessment of clearing applications and delivery of incentive funding under the NSW
Native Vegetation Act 2003

participation on the NSW Department of Planning, Industry and Environment (DPIE
now NSW BEEW)expert reference group for mapping the extenttbe NSWWhite

Box t Yellow Boxt o | oC[e Z gragsywoodland andderivednative grassland
CEEC
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In relation toPoplar Box Grassy Woodland on Alluvial Plaip®xperience includes;

- numerous orground assessments for clearing applications and compliance actions
under NSW legislation (State Environmental Planning Policy No 46 and Native
Vegetation Conservation Act 1997).

- numerous threatened species assessments under the NB\Atatened Species
Conservation Act 199&nown as the 7 Part Test) and Commonwedthvironment
Protection and Biodiversity Conservation Act 1@§nificance assessment guidelines)
for clearing and development activities, in relation to this community.

- identification of this community and assessments of condition for areas proposed for
protection under the conservation agreements for the NSW Biodiversity Conservation
Trust.

- training Local Land Servicesaff in the identification and/or assessment of the open
forest and woodlands that comprise this ecological community.

In relation toGrey BoxEucalyptus microcarpasrassy Woodlanahy experience includes;

- Onground audit of vegetation community mapping of this community for the Namoi
Catchment Management Authority

- identification of this community and assessments of condit@mn Travelling Stock
Reserves in the Lachlan Catchment NSW for the Grassy Box Woodland Conservation
Management Network

- Mentoring/training Biodiversity Conservation Trust staff in the identification of this
species and community.

2. Expert brief
My brief from the EDO was as follows

a) Please summarise any key impacts that you predict to arise in relation to the following
ecological communities as a consequence of the Project, bearing in mind the
mitigation measures proposed (Ecological Communities):

Listed under the BC Act

i. White Box- Yellow Box- o | oC[s Z '"HU ' ¢*C t}} 0o vV v E]
Native Grassland in the NSW North Coast, New England Tableland, Nandewar,
Brigalow Belt South, Sydney Basin, South Eastern Highlands, NSW South
Western Slopes, South East Corner and Riverina Bioregions Critically Endangered
Ecological Community (Box Gum Woodland CEEC).

il Inland Grey Box Woodland in the Riverina, NSW South Western Slopes, Cobar
Peneplain, Nandewar and Brigalow Belt South Bioregions Endangered Ecological
Community
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Listed under EPBC Act

iii. Box t Gum Grassy Woodland and Derived Grassland (formerly White tBox
Yellow Boxt Yellow Boxt o | oC[* Z 'MuU 'E **C t}} o v % E]
Native Grassland)

iv. Grey Box Eucalyptus microcarpaGrassy Woodlands and Derived Native
Grasslands of Soutastern Australia.

V. Poplar Box Grassy Woodland on Alluvial Plains

b) E}S]vP §Z (1vl81tv }( Ze El}pue v JEE A E+] 0 Ju% &
principles at cl 6.7 BC Regulation, and departmental guidance, in your opinion, is the
Project likely to have a serious and irreversible impact on the Box Gum Woodland
CEEC?

c) In your opinion, was the assessment of impacts on the Ecological Communities, as far
as it relates to your areas of expertise, appropriate and sufficient?

d) In your opinion, has the assessment adequately considered any cumulative impacts to
the Ecological Communities arising from the Project?

e) In your opinion, are the measures proposed as part of the Project to mitigate and
avoid impacts to the Ecological Communities adequafe® there any additional and
appropriate measures that would minimise those impacts if consent was to be granted
to the Project?

3. Backgroundnformation
In preparing this report | have reviewed the following documetdreports:

x Planning NSW (October 2023): Advice of Biodiversity, Conservation and Science
]JE S}E § }v ~ E 8§ EC[+ VA]JE}vu v3 0 tevasles @rgekZ <u]E u
Continuation Project (SSE8428218) Letter.

X % E3u vs }( Wo vv]vP v VA]JE}vu v E*t ~E}A u E T1ilie W
Environmental Assessment Requiremertdvlaules Creek Continuation Project (SSD
63428218)

x Department of Planning, Housing and Infrastructure (March 2025) Supplementary
Wo vv]JvP A & 8§ EC[*s VA]E}vu v 0 steMeatters/&f MatiqgnpE u v
Environmental Significance. Maules Creek Continuation Projectg®&B8218/EPBC
2024/09936)

x Department of Planning, Housing and Infrastructure (March 203&)delines for
preparing assessment documentation relevant to the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) for proposals being assessed under the
NSW Assessment BilateraMaules Creek Continuation Project ($83828218/EPBC
2024/09936)
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X Whitehaven (2025) Maules Creek Continuation Project. Environmental Impact
Statement.Executive Summary, SectionFoject DescriptionSection 6Environmental
Assessment

X Whitehaven (2025) Maules Creek Continuation Project. Environmental Impact
Statement. Attachments and AppendicesAttachment 7 Rehabilitation and Mine
Closure Attachment 8 Summary of Mitigation Measure&ttachment 15:Serious and
Irreversible Impact Report&ppendix AGroundwater Impact Assessme{ppendix C
Biodiversity Development Assessment Report.

X Unwelt (2017)Leard Forest Regional Biodiversity Strategy StageSPategy Report.
Final.Prepared for the NSW Department of Planning and Environment.

X NSW Department of Planning, Industry & Environm&@19) Guidance to assist a
decision maker to determine a serious and irreversible imgaBE publication, Sydney.

4. Project description

As described in the Whitehaven EIS (208%ules Creek Coal Mine (MCCMtisrently an

open cut coal mining operation located approximately 17 kilometres neas$t of Boggabri

in New South Wales (NSWY.he Maules Creek Continuation Proj¢stCCPproposesthe
expansion of this existing minélhe Project would involve clearimgtive vegetation orthe
proposed development footprint associated with the mine activity (676.5 hectares [ha]) and
clearing and/or temporary disturbancef both native and nowmative vegetation for
construction of a water transfer pipeline (6.4ha). The proposal affars a revegetation
program in the wider landscape involving approximately 2,25%hathree separate
LandscapeRevegetation Zones The revegetation initiative proposed is in addition to
standard biodiversity offset/credit requiremenggVhitehaven 2025) Refer Figure 1.

dz I~ ~tZ]8 Z A v TiTi+ Natije végetasdn Vilould be progressively cleared
(over approximately 13 years [2028 to 2040]) and poste landforms and Landscape
Revegetation Zones would be progressively revegetated. The Project would result in the loss
of approximately 642 ha of existing native vegetation within the development footprint
associated with Phases 1 to 3, comprising approximately 49.5 ha of derived native grassland,
482.1 ha of woodland/forest and 110.4 ha of land undergoing mine rehabilitdtion.

Additionally, in s6.1.1.1 of Appendix Rrémise2025)the ElSstates when discussingareas
avoiced andor minimise (} & o Ta&g emylhaldevelopment footprint associated with
the mine site was 771.3 ha compared to the final proposed development footprinthé32.9
In s7.4.4 Appendix Premise2025) in describing the areas of rehabilitation it talks about the
additional 656ha area of rehabilitation on the continuation project footprint.

It is unclear in the El®hy there are thesediscrepanisin the areas of vegetation to be
clearedand/or rehabilitated on the project footprint If MCCP is unsure of the area to be
clearedon the development footprinhow can an approval authority be sure.
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FIGURHE: MaulesCreek Continuation Project
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5.

Brief questions addressed

a)

Please summarise any key impacts that you predict to arise in relation to the
following ecological communities as a consequence of the Project, bearing in mind
the mitigation measures proposed (Ecological Communities):

Listed under the BC Act

)

White Box- Yellow Box- o | oC[* Z '"MU 'E ¢C t}} o Vv Vv E]A
Grassland in the NSW North Coast, New England Tableland, Nandewar, Brigalow
Belt South, Sydney Basin, South Eastern Highlands, NSW South Western Slopes,
South East Corner and Riverina Bioregions Ciritically Endangered Ecological
Community (Box Gum Woodland CEEC).

Inland Grey Box Woodland in the Riverina, NSW South Western Slopes, Cobar
Peneplain, Nandewar and Brigalow Belt South Bioregions Endangered Ecological
Community(EEC)

Listed under EPBC Act

)

White Box t Yellow Boxt Yellow Boxt o | oC[* Z '"MU '"E ¢°C t}} o v
Derived Native GrasslanGEEC (Be&um Woodland CEEC)

Grey Box [Eucalyptus microcarpa Grassy Woodlands and Derived Native
Grasslands of Soutkastern AustralisEEC

Poplar Box Grassy Woodland on Alluvial PlaEsC

White Box- Yellow Box- o0 | oC[* Z 'pu ' «+C t}} o v v E]A
GrasslandCritically Endangered Ecological Communiisted underboth NSW and
Commonwealth legislatior{subsequently referred to aBox Gum Woodland CEEC).

In my opinion,the key impacts arising in relation to Box Gum Woodland @GE&ALise othe
Maules Creek Continuation Project (MC@ai)as follows:

Clearingnative vegetation

In relation toBox Gum Woodland CEEC MECPwill clear approximately 79.9 ha of Bex
Gum Woodland CEEC listed under the BC Act, of which approximately 21.9 haGsnBox
Woodland CEEC listed under the EPBGPketnise2025) This 79.9ha will be removed from
the mine development footprint.

Accordingto Appendix QPremise2025)21.9haof the Box Gum Woodlan@EECidentified
meets the condition criteria for the Commonwealth CEEC listifigis 21.9ha comprises
21.5ha of woodland and 0.4ha of derived native grasslaffte consistency of th area with
the Commonwealth CEEC listing indicatese that this vegetation isn good condition.
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This opinion is basedh the key attributes that identifythe CommonwealthEnvironment
Protection and Biodiversity Conservation A@Q9 (EPBC Act) listetbmmunity and my
participation on the expert panel that originally formulated these attributes oéitlined in
the DEH (2006guideline (refer Appendixl) theseattributes are:

X the area nustbe, or havebeenpreviously(in the case of derived grasslandpminated
or codominated by one or more of the followinggee species (or hybrids of these
species with any other Eucalyptus speciag)jite box Eucalyptus albensyellow box E.
melliodoras }E o ted Qum E. blakelyi [or western grey box E. microcarpaor
coastalgrey box E. moluccangin the Nandewar bioregion].

X it must have a predominately native understorey (i.e. more than 50% of the perennial
vegetative groundayer must comprise native species).

X the area covered by the ecological community (i.e. the patch size) must be greater tha
0.1 hectares (ha) and contain 12 or more natfeeb species ¢pecies that are o
grasse} including one or more important speciesliased inAppendix2.

x if the groundlayer does not meet this last criterion (i.e. does not contain 12 or more
native forb species and one or more important species) then the patch size must be 2ha
or greater in aredANDhave an average of 20 or more mature trees per @Rnatural
regeneration of the identified dominant overstorey eucalypts.

Areas which do not meet the above criteriz. the balance of Box Gum Woodland (58ha) on
the mine development footprintare not considered to be part of thEPBC Adisted CEEC
However,as indicated in the EIPremise2025) thearea excluded from the liste&EPBC
community definition above may stile the NSW listedCEECWhite Boxt Yellow Boxt

ol oC[* Z Gragsywoodlandand Derived Native Grasslandder the(BC Act)asthe
NSWdefinition ofthe communityis muchbroader than theEPBQisted CEEC.

The key difference between ttse listingds the BC Act listing does not
X requireapredominantly native ground layer, and

x thereis no threshold for the number of native non grass speaigsany requirement for
Zlu%}@®ES vVS[ *% ] ¢ 8} %o E  vSX

For listing under the BC Act, areas with predominately native canopy, dominated by the
relevant species~AZ]18 }AU C o0o}A }AE v , butlwitl fepréomiratelye
non-native ground layer aréncluded. In their final determination the NSW TSSC (2020)

] vS](Ihe riged for flexibility to adapt recovery and management priorities to different
settings and action typdsd v $Z & (} Gpropdse \pfescHdptive or generic thresholds
for this purposd X

The clearing of79.%ha of Box Gum Woodland CEEC consistent itth the EPBC Act
(21.9ha) and BC Act9.%a) listing willnot only remove the plant species which comprise
the CEEGhcluding threatened plant®ichanthium setosurand Digitaria porreca, but also
important habitatelements necessary for the ongoing survifal the entire suite of fauna
(including threatened specig$hat are an integral part of the CEEChese habitat elements
include:
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X more than79.%a of feed treegwoodland)which areimportant for species such as
koalas, squirrel glides, yellow bellied glides, swift parrots, little lorikeets, and regent
honeyeates.

X tree bark (decorticating, fissured or otherwise) provides important shelter for
invertebrates and } E v [+ -edredbat and foraging habitafor species such as the
varied sitella, brown treecreeper amdicrobats

X mistletoes provide important foodand/or nesting resources forspecies including
painted honeyeater, squirrel glidand regent honeyeater.

x tree hollows in live and dead standing tregare anecessaryequirementfor shelter
andor breedingof many faunaspecies includindor examplethe squirrel glider little
lorikeet, brown treecreepey turquoise parrot,masked owl barking owl,pale headed
shake Corbens longeared batandyellow-bellied sheathailed bat

x fallen logs provide plant and fungi habitat, animalshelter and breeding sites for
invertebrates Aswell asimportant foraging habitatfor species includinghe brown
treecreeperand grey crowned babbler as well gsovide denning sites for spotted
tailed quoll.

x surface rock provideplant habitat, animakhelter, protection from predators, escape
from bushfiresand breeding sites for invertebrates and small rept{les geckoesmall
skinks)

x leaf litter providesplant and fungihabitat, food resources and breeding habitfar the
numerous invertebratesvhich provide nutrient recycling services afmrm the basis of
the food chain within the CEEC, as well as providing cover/moisture for small reptiles
(e.g. striped legless lizardhd smallmammals(e.g. dunnarts)

X native grass and forbs providhelter andfood resources (seeds, flowers and leavies)
many fauna species including reptiles ahd diamond firetail

Consequently, He clearing of79.9haof Box Gum Woodland and derived native grassland
staged or otherwise will potentially result in the death and injury of many fauna speties
will alsoforce those faunaspeciescapable ofescapingor thoserelocatedduring vegetation
clearing, into surrounding areas of already occupied habitat. Thisforced
evacuatiorfrelocationwill result in increased inter aridr intra faunaspecies competition for
the existingresourcesin these surrounding area@.e. food, shelter breeding habitatand
mates) This in turn will potentially result in further fauna deaths from conflict injuries,
starvation stressand increased disease.

In recognition ofthe impactsof vegetation clearingdescribed abovethe following key
threatening processebave been listed under both the NSW BC Act f/andCommonwealth
EPBC Act

X Clearing of native vegetationBC Ac(NSW TSSC 20@&r)d Landclearance- EPBC Act
(TSSC 2001)

X Loss of tree hollowsBC AcC{NSW TSSC 2007)
X Removal of dead wood and dead treeBC Act (NSW TSSC 2003)
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X Bush rock removalBC Act (NSW TSSC 1999)

The MCCPproposes toavoid, minimize and/omitigate the impact of the loss of 79.9ha of
Box Gum Woodland CEEC by

1 clearly markng the area of vegetation to be clearedClearing and idturbance would
be restricted to the delineated area and no stockpiling of equipment, machinery, soll
or vegetation would occur beyond this boundary.

2 locating the mine development site 200m back from tin@ppedtop bank of Back
Creekwhich avoig 2.9ha of CEEC

3 stagal clearing of thenine development footprint

4 timing of vegetation clearingpf woodland/forest native vegetatiorwhich will be
undertaken in late summer and early autuntm avoid breeding and/or hibernating
fauna species(i.e. between 15 February to 30 April), except under exceptional
circumstances in the first year of mining operations for pingject. So, in the firsyear
vegetation clearing will potentially take place when fauna are breeding and/or
hibernating significantly increasing the risk of fauna injury and death from clearing
operations.

5 staged rehabilitation of the mine footprint

6 the existingcommitment to establish 544ha of B&um Woodland CEEC on the post
mine landform (Condition 25 of EPBC Act Approval 2010/5566)

7 replanting340.9 ha of species represeative of Box Gum CEBE one or more of the
3 landscaperevegetation zones identified in the EIS to therth/northeast and
southeast ofthe mine development footprint antleardStateForest and soutleastof
the water transfer pipeline.

The implementationof Actions 1 and 2abovewill assist in maintaining a very small patch
(2.9ha)as well as other adjoininGEE@emnants fom the impacts of clearingMitigation of

the MCCP relies heavily on rehabilitation of the post mine landscape and replanting of
species consistent with the component CEEC specidbe post mine landscape and within

the landscapeaevegetation zonesl have no doubt Whitehaven will undertake rehabilitation
and replanting on the mine project site amédplantingwithin the revegetation zones But

what is unknown and highly problematic is whether these plarstindl be successful in the
long termin re-establishingecognizableareas of CEEC.

In my opinion all the actions proposed will not mitigate the loss of 79.9hawfently extant
mature/old growth CEEC in a predominantly mining/agricultural landscageological
communities are not just a list of floigpeciesbut they are a function of the interaction of
flora species at all their various stages of growth and maturity withlsota (vertebrates,
invertebrates and mycorrhizal fungi), soil ty@eil nutrients, localwatertablesand the suite
of fauna species adapted to thmabitat the community provides

10
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The EIRppendix QPremise2025) statesthere is approximately,090.6ha ofextant Box

Gum Woodland CEE®Dd 1,518ha of replanted of CEEMaules Creelkloal Mine (MCCM)
existing offset areas (conservedperpetuity under conservation agreemeptsHowever, it

is important to note he offset areas for the existing mine operation are spread across three
bioregions(Brigalow Belt South, Nandewar and New England Tablelanidk)yery little of

this areacontiguous withthe mine continuation project area Areas of Box Gum CEEC
outside the Brigalow Belt South (where the MCCP is located) are subject to different
environmental factors [e.g climatic conditionsufidity, temperature rainfall and wing,
altitude, soil types soil nutrient/hydrological regimés Consequently, they withaturally
support a different range of flora and fauna species to that on the mine development
footprint.

Additionally, thke replanted CEEC on these offset propertiesuisently only some 10 years
old, and (as demonstrated by photos in the [Eli§is at best afunctionally single aged
shrubland with limited habitat valu¢AusecologyAppendix C2025) The limited habitat
value isdue to;

x little or no structural diversityi(e. no tree canopy covewith understoreyshrubsand
tree/shrub regeneratioh t necessaryfor species includinghe speckled warbler and
diamond firetail

X no mature feed/nectar producing treesfor species such as thkoala and squirrel
gliders

X no mistletoes - for species including thpainted honeyeatesand diamond firetajland

X nomature/old growthhollow-bearing treesor dead standing trees essential ashelter
and breeding sitedor browntreecreepesU } & v [eeacehvPat, yellowbellied
sheathtail bat and squirrel glider

For replantingsd achieve a similar level of condition and habitat value as the 79.9ha of CEEC
cleared will take a minimum of0D-120years (which is how long it takessmall treehollow

to form) (Gibbons and Lindenmayer 1997, NSW NPWS 1%98)unclear in the EIS how long
Whitehaven proposes to manage timgine rehabilitation site or théandscaperevegetation
zones There isalsono indication that replanted areas within the revegetation zones will be
protected in perpetuity. Sothe possibility exists that long before these replanted areas
reach a similar level of habitat value to the 79.9ha of CEEC to be c¢l¥dhééhaven could

sell theserevegetation zoneand the replanted vegetatiopotentially could be cleared.

In 2006 the Commonwealth TS®Gtimated that less than 5% of the original distributiain

Box Gum Woodlandemained, but the 2xtent to which remaining examples continue to

*U%o %0} ES Z E S E]*S] 1}S U 8Z ]JE Jvs & (Htheareato ppv S]}v |-
clearedfor the mine development footprint21.9ha meets the condition criteria for the
Commonwealth listed CEE@d is therefore considered habitat critical to the survival of the

CEEC (DECCW 2010).

11
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As identified by Hunter Eco (2029)ete are approximately 44.2ha of BGum Woodland

CEEC within 1,000 ha surrounding the mine development footprint and approximately
190.3ha withinin the surroundingl0,000ha. These occurrences are scattered patches that

lie mostly in a cleared agricultural matrixScattered patches aréypical of Box Gum
Woodland CEEC occurrences in agricultural landscapes and why it is at serious risk of
extinction.

Based on the Hunter Ec(025) figures the removal of 79.9ha of CEEC on the mine
development footprint will result in a 64% reduction in the CEEC witiénsurrounding
1,000ha landscape and a 30% reduction in the wider surrounding 10,000ha landscape. Such
significant area losses in a predominantly agricultural/mining landscape, of a CEEGswhich
estimatedto haveless than 5% remaining is untenabl& the longtime lag between the
clearing and the proposed replanted vegetation reaching a similar level of condition and
habitat valueit is likely local extictions of component species will occuAdditionally, it

should be noted that there is nguarantee of future succesef replantings on the
revegetation zonesor is it proposed to protect thenn-perpetuity.

Increasedragmentation

Fragmentation is caused by clearing native vegetation iner smaller more isolated
patches (NSW Scientific Committee 2001). Factors to considessassing the impacts of
fragmentation include the distandeetweenfragmentsas well aghe area of the fragments
and their shapgNSW Scientific Committee 2001¢learing native vegetatiomérea®sthe
edge/area ratioof vegetation which in turrincreases the impacts of edge effects such as
changed microclimatéemperature, humidity, wind and light penetratioand susceptibility

to invasion by nosindigenous specie@NSW Scientific Committee 2001)

According to the EIFP(emise2025) threepatches of BoxGum Woodland CEEC inside the
development footprint would be completely removed by the Projetwo patches would be
partially removed decreasing the area adne patch from 2.9ha to 1.2ha and 143.6ha to
94.1ha for the other This is 8% and34% reduction respectively for these patches.

The clearing o79.%a of Box Gum Woodland witherefore, andcontrary to information
provided in the EISPfemise2025) further fragmentthe CEEC by removing patches on the
mine development site and significantly reducing the size of remnant patch8ox Gum
WoodlandCEE@long Back Creadnd inadjoiningareas of Leard State Forest to the east.

Landscape annectivity can be considered as, the configuration of suitable habitat within a
landscapethat allows for the movement of species across hostile areas ofhvaditat (e.g.

open cut mine voidsand haul roads A high level of connectivity is important to the
maintenance of healthy ecosystems and biodiversity, as it facilitates dispersal/interaction of
species and the exchange of genetic material across the landscape.
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Landscape connectivity can be continuous (corridors) or discontinpaulsi¢ck trees and/or
vegetation patches that § o Z3-%%v]vP SA v & « }( The]s §-
connectedness of any landscafedependent upon individual speciprovement abilities

the distance between remnants and the charactdrthe intervening matrixDoerr et al
2010). For example, discontinuous corridors (steppisipnes) are unlikely to be suitable for
small, less mobile species dependent on continuous habitat cover for protection against
predation and desiccationDendy 1987)such as smalbirds, mammals, reptiles and
amphibians But habitat steppingstones often facilitate the movement of more mobile
species including medium to large birds, mammals and reptiles

Under the MCCPthe remaining patches of the CEEC (woodland, derived grassland) along
Back Creek to the north and Leard State Forest to the east outside the disturbance footprint
would remain. Patches of remnant CEEC within these areas will still be connected by other
treed and native grassland communities, so while connectivity will be significantly reduced by
the MCCRhrough the loss of 676.6ha of native vegetation that includes 79.9ha of CEEC on
the mine development footprint remnant patches the CEEC itself within the remaining
landscape will not be further isolated.

Increased edge effects

Edge effects are the changes in microclimaie that occur in adjoining remnant vegetation
as a result ofclearing andfragmentation. These effects include changes to the abiotic
factors, such as humidity, temperatigesunlight, rainfall and wingbenetration These
changes in microclimate

X result in detrimental changes to the habitat value of the adjoining uncleared vegetation
for many residennative plants and animals

x are known to increase the potential for weed invasion, and

X increase feral predation (by cats and foxes) due to improved access (ReivaEl993,
May and Norton 1996).

The distance these changes in microclimate penetrate into adjoining intact vegetation will

A EC % VvV JVP p%}v Vv Jv JA] p o *% ] [ *» ve]3]A]E] X ns Az
impacted by edge effects generally have a differaative species composition (flora and

fauna), have higher weed loads and different abiotic factors to those within the core habitat

(i.e. areas not affected by edge effects) of a vegetation community (LBaeeraet al

2007) Edge effectsmpacting remaining areas of CEEC adjoining the development footprint,
because ofclearing and fragmentatigrwill be further exacerbated in this case by mining
operations. Mining activities will result in increased noise, dust, vibration and light pollution

and changed soil hydrological regimes within adjoining areas of remnant CEEC from the
operation of machinery, movement of people and vehicles, blasting and mine excavation.

13
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In recognition of the impact of edge effects have on remnant vegetation the following key
threatened processehave been listed under both the NSBLC Act and/or Commonwealth
EPBC Act:

X Aggressive exclusion of birds from woodland and forest habitat by abundant Noisy
Miners,Manorina melanocephala (Latham, 1802BC and EPBC Act

x Competition and grazing by the feral European Ral@iyctolagus cuniculus (Lt)BC
and EPBC Act

x  Competition and land degradation by feral goatBC and EPBC Act
X Novel biota and their impact on biodiversitEPB@\ct

X Loss and degradation of native plant and animal habitat by invasion of escaped garden
plants, including aquatic plantsBC and EPBC Act

X Predation by feral catsBC and EPBC Act
x  Predation by European red Hdfulpes vulpes} BC and EPBC Act

x Predation, Habitat Degradation, Competition and Disease Transmission by Feral Pigs
BC and EPBC Act

x  Forest eucalypt dieback associated with esleundant psyllids and Bell Mireet BC Act

x Invasion of native plant communities by exotic perennial grasB€3 Act.

According toPremise(2025) the impact of increased edge effects on remnant vegetation
outside the mine development footprint will be mitigated and managed the
implementation of

1 erosion and weed management protocols on site
a Noisy Miner control program along remnant habitat edges

dust and noise reduction measures

2
3
4 the use of directional lighting wherever practicalallong the edge of the mine site
5 feral animal control programsand

6

vehicle speed limits

While theseactions will potentially reduce the impacts of some of thdge effects from
degrading remnant areas of CEEC adjoining miningngitevidence is provided in the EIS to
support the efficacy of these actions in maintaining habitat values for flora and fauna.

Of the actions proposed Actions 1, 2 @hdre the most likely to be successful in maintaining
habitat values if implemented. There is no evidence that ActiorkaBd 6 will be effective

in reducing noise and dust particulafyr CEEC remnants adjoinitige access road to the go

line along the northern boundary of the mining pithe EISAusecology025) indicates that
vehicle movements along the northern access road to the go line will be in the order of 350
vehicle movements per dagach of whichwill generate dustnoise and vibration. Th24-

hour operation of the mine would also indicate that even if directional lightisigised
adjoining remnants will still suffer light pollutidnom 24hr lighting as well asrom vehicle
lightsmoving around the mining pit aralongthe northern access track.
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In fact the EISPremise2025) states thatRloise modelling has been undertaken by specialist
noise consultants RWDI Australia Pty Ltd (RWDI, 2025) for the Project and it shows that the
amount of noise would increase mainly due to a greater number of mining trucks and
equipment (to reflect the increase in RQRlun of Mine]coal mining rate proposed and
increasing open cut pit extent), but also extend into the eastern part of the State Forest. The
same assessment shows a similar outcome for blasting emisgidwsording to the EIS
(Whitehaven 2025) Itere is potential for two blasts per day which according to the EIS
(PremiseTi1 A walld also have impacts on individual animiadsvever these impacts would

be mitigated by the weekly average number of blasts reaching the same (i.e. altogether
blasting may occur twice in a day, the average of four a week would remHirg) difficult to

see howon-going blasting and 24hrehicle movementswill not detrimentally impactthe
habitat valuesf adjoiningCEE@emnants and their faunal components.

Inland Grey Box Woodlantisted under NSW legislation an@Grey Box Eucalyptus

microcarpg Grassy Woodlands and Derived Native Grasslatigsed under the

Commonwealth legislation(both subsequently referred to Grey Box Woodland)
Both communities ardlisted as Endangered Ecologic&@mmunities (EECS)

In my opinion, the key impacts arising in relation @&ey Box WoodlandEEC as a
consequence of the Maules Creek Continuation Project (MCCP) are as follows:

Clearing native vegetation

The MCCP will remove 3.4halofand Grey Box Woodlatidted under the NSW BC Adthis
3.4ha occurs on the water transfer pipelia@proximately 10knto the south of the mine
development footprint (refer Figure 1)and comprises 0.9ha of woodland and 2.5ha of
derived native grassland.Of the 3.4ha of NSW BC Act EBOha comprisesGrey Box
(Eucalyptus microcarpaGrassy WoodlanBEGQisted under the EPBC AciVhich consists of
0.7ha of woodland and 2.3ha of derived native grasslafike consistency of this area with
the Commonwealth CEEC listing indicates to me that this vegetation is in good condition.

This opinion is based in the key attributes that identify the Commonwealth EPBC Act listed
community and my experience in this community. As outlined in the DSEWPaC (2012)
guideline,(refer Appendix3) these attributes are:

X the most common tree specias, or was previouslyGrey BoxEucalyptus microcarpa
and

X the area of the ecological community (i.e. the patch siza} least 0.5han size and
X non-grass weeds make up less than 30% of the vegetated ground, @ncer
X trees cover at least 10% of the pat@nd

x the patch is bigger than 2ha and themee at least 8 trees/ha that either contain hollows
or have a diameter >60 cm at 1.3 m above ground |eed
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x at least 10% of the plant cover in the ground layer made up of perennial native grass
species

OR

x if the patch is less than 2ha in sitdeere must be at least 8 perennial native species in
the mid and ground layers, and

X atleast 50% of the plant cover in the ground laiganade up of perennial native species
OR

x if the patch is bigger than 2ha btihere areless than8 trees/ha that either contain
hollows or have a diameter >60 cm at 1.3 m above ground téesk must beat least
20 live trees/ha with a diameter >12 cm at 1.3 m above ground ,level

X atleast 50% of the plant cover in the ground laigamade up of perennial native species
OR

x if trees cover less than 10% patdhgre is evidence that Grey Box trees were once
common in the patcland

x there at least 12 perennial native species in the mid and ground lageds

X at least 50% of the plant cover in the ground layer is made up of perennial native
species

Areas which do not meet the above criteria, i.e. the balance of Grey Box Woodland (0.4ha)
on the water transfer pipeline, are not considered to be part of the listed Grey Box Woodland
EEC under the EPBC Act. However, as indicated in the EIS (Premise 2025) the area excluded
from the listed EPBC community definition above may still be the NSW listethEBBE Grey

Box Woodlandinder theBC Actasthe NSW definition of the community is much broader

than the EPBC listed EEC.

The key difference between ttse listingss the BC Act listing does repecify;
X a minimum patch sizeor

X a predominantly native ground layer

The NSW TSSC (28] &tate that d severely disturbed sites the ground layierthe listed
Grey Box WoodlanBEEGnay be absenandthat disturbed remnants are considered to form
part of thelisted community.

According to Premise (2025he development footprint associated with the water transfer
pipeline is 6.4ha Of this area2.4ha (37%) traverses cultivated agricultural land which
Premise (2025) has assessedCasegory 1t Exempt Land within the meaning of the LLS Act.
The remainder of the pipeline runs parallel to Rangari Road thrdugha of Grey Box
Woodland which would be underbordd avoid removing mature treesnd 2.5ha of derived
native grassland which would either have pipé lan the soil surfacer be trenched in
There is one named waterwaiollol Creekwhich would be traversed by the water transfer
pipeline.
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The impacts of clearing as outlined previously for Box Gum Woodland réE&aD very
similar for Grey Box Woodland EEC. Similadystated previously,ni recognition of the
impacts of vegetation clearingn habitat valuesthe following key threatening processes
have been listed under both the NSW BC Act and/or Commonwealth EPBC Act:

x  Clearing of native vegetationBC Act (NSW TSSC 2001) lzamablclearance- EPBC Act
(TSSC 2001)

X Loss of tree hollowsBC Act (NSW TSSC 2007)
X Removal of dead wood and dead treeBC Act (NSW TSSC 2003)
X Bush rock removalBC Act (NSW TSSC 1999).

According to the EIS (Whitehaven 20&5% planned thaif the MCCP is approved the water
transfer linewould be constructed and rehabilitated within the first year of commencement
Trenching in the pipeline will involve placing the pipeline in an excavatedch
approximately 0.5m wide by 1m deefPremise 2025) The disturbed area would be
rehabilitated following constructionAccording to Premis@025) when rehabilitation of the
water pipeline is completéhere would be no change to the surface water flows or quality in
Bollol Creek

The avoidance and mitigation measures proposed by Premise (2025) for the clea@idgaf
of Grey Box Woodland for theonstruction of thewater transferpipelineinclude:

1 clearly mark the area of vegetation to be cleared. Clearing and disturbance would be
restricted to the delineated area and no stockpiling of equipment, machinery, soil or
vegetation would occur beyond this boundary.

2 underboring trees to avoithe need to remove mature trees

3 where trenching is proposed near trees, a tree protection zone would be applied
consistent with Australian Standard AS497The tree protection zone can be
calculated as twelve times thi#iameter at breast heightf the tree or 1m past the drip
line of the tree.

4 installing the pipelineparallel to Rangari Road to avoid further intersection of the
landscape.
5 laydown pipeline areas (i.e laying the pipeline on the soil surface) would be

preferentially locatedn the lowest quality vegetation available.

6 pipeline route has been chosen to avoid waterwé@ye exception being Bollol Creek)
and locatingpipeline laydown areas outside of waterways.

7 the length of excavated trench that would be open at any one time would be
minimisedduring construction of the pipeline, to reduce the risk of fauna becoming
trapped. The excavated trench would be inspected daily for trapped fauna.

Additionally, mitigation includes a proposdb establish/enhance approximately 348.6ha of
Inland Grey Box EEC listed under the BC Act and Grey Box Grassy Woodland EEC listed under
the EPBC Aah the landscapeaevegetationzones.

17



Expert advice reThreatened Ecological Communities MaulesCreek ContinuatiofProject

The avoidance and mitigation measures Actions T above will in my opinion significantly
reduce the impacts of clearinfpr the water transferpipeline. The linear nature of the
clearing its one off occurrenceits small width (0.5m)the use of underboring, avoidance of
trenching near mature trees, the location of pipe laydowns in the lowest quality vegetation
areas and the immediate rehabilitation of the ground layer post construction should
providing the above mitigation measures are implemesd, ensure that impacts on the
quality and habitat values (i.e. tree hollows, dead trees and woody debris and bush rock) will
be retained within patches of remnant Grey Box Woodland EEC. The exception being the
immediate pipeline disturbance area.

In my opinion the proposab establish/enhance approximately 348.6 ha of Inland Grey Box

EEC listed under the BC Act and Grey Box Grassy Woodland EEC listed under the EPBC Act in
the LandscapeRevegetation Zones is somewhat irrelevant to the MCCP proposdihe
enhancement of extant Grey Box Woodand within the Revegetation Zones has significant
merit in the short to medium term But given there is no indicationf the length of time

these areas will be managed for conservation outcomeshat these areas wilever be

protected under Conservation Agreementsperpetuity, the value as a mitigation action is
guestionable.

Similarly, as describefdr Box Gum Woodlandor the proposed replanting aéreas of Grey

Box WoodlandEEQo achieve a similar level of condition and habitat value as@l#aof

EEC cleared will take a minimum @04120 years (which is how long it takessmall tree
hollow to form)(Gibbons and Lindenmayer 1997, NSW NPWS 1989§ain, i is unclear in

the EIS how long Whitehaven proposes to manidgerevegetation zonesgndagainthere is

no indication that replanted areas within the revegetation zones will be protected in
perpetuity. So, the possibility exists that long before these replanted areas reach a similar
level of habitat value to the5.4ha of EEC to be clearellVhitehaven could sell these
revegetation zoneand the replanted vegetatiopotentially could be cleared.

Increased fragmentation

Refer to the description of fragmentation and connectivity given previously for Box Gum
Woodland CEEC. Any fragmentation of the Grey Box Woodland EEC caused by construction
of the water pipeline will be, providing avoidance and mitigation actions stated in the EIS
(Premise (2025) are implementedninimal and temporary in nature This is because
installation of the pipeline is a oreff action and rehabilitation will occur immediately
following installation

In my opinion the greatest risk posed by the construction of the water transfer pipeline is
the trenching Which, while open will act as apitfall trap for small fauna (reptiles, small
mammals and amphibians). Grey BeECduna that do become trappeih the trenchare
susceptible to desiccatiordrowning, hypothermia starvation and/or predation. In my
opinion, the EIS must provide greater detail as to the length of trench that is open at any
given time. Simply statinpat the length of excavated trench open at any given time will be
minimised is not good enough. Additionally, any areas of open trench must be checked more
than once per day for trapped fauna. Without more specificationhigslylikely the trench

will fragment habitat and result in injuries and death of ECC fauna
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Increased edge effects

As described earlier, for Box Gum Woodland CEEC, detrimental edge effects arise from
clearing and fragmentation of native vegetation. Similarly, in recognition of the impact of
edge effects have on remnant vegetation the same key threatening procéstss under

both the NSW BC Act and/or Commonwealth EPBC Act.apply

This notwithstanding, it is my opinion, that providing the mitigation measures odtlim¢he

EIS (Premise 201%re applied to the water transfer pipeline development footprint
including clearly marking thelimits of clearing (exclusion zonesgrosion and weed
management protocolsdust and noise reduction measuresd stated mitigation measures

are implementedthen the any negative impacts of increased edge effects on areas of Grey
Box Woodland EEC will be minimal.

i)  Poplar Box Grassy Woodland on Alluvial Plairsted as an Endangered Ecological
Community EECunder the Cth EPBC Act.

In my opinion, the key impacts arising in relationRoplar Box Grassy WoodlaitEC as a
consequence of the Maules Creek Continuation Project (MCCP) are as follows:

Clearing native vegetation

The MCCP will removéha of vegetation that meets the EPBC Act criteria for Poplar Box
Woodland EE@om the mine development footprintwith a further 0.7haof EEC ground
cover removed for the installation of the water transfer pipelideigecology025)

The consistency of #se areas with the Commonwealth CEEC listing indicates to me that this
vegetation is in good conditionThis opinion is based in the key attributes that identify the
Commonwealth EPBC Act listed community and my experience in this community. This
opinion is supported by th®oEK2019)listing advicefor Poplar BoxWoodlandEEC which
states the HAational listing focuses legal protection on patches of the ecological community
that are in comparatively good condition i.e. relatively natdiél

As outlined by the DoEE (2019) listing adtesseattributes are:

X the area must comprise grassy woodland to grassy open woodland with a tree crown
cover of 10% or more at patch scasad

X a tree canopy must be present (derived grasslands are not indlasigart of the listed
community) that shows these features:

f tree canopy species are capable of reaching 10 m or more in heigtht

f Poplar BoxEucalyptus populnganust be presents the dominant tree species in
the canopy or

f where hybrids of Poplar Box with other Eucalyptus app present, they should be
counted as part of th& populneacomponent of the tree canopy when assessing the
previous criterionand
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x amid layer (210 m) crown cover of shrubs to small trees is low, about 30% qrdesds

X aground layer €1m) ranging from sparse to thick and mostly dominated by native
grasses, forbs and occasionally chenopods (during extended dry periods) occurs across
the patch.

A patch having met the key diagnascriteriaabove, must then meet the condition criteria
outlined in Table 1 below. These condition criteai@ designed to identify relatively good
quality patches for protection under national environment law (i.e. those of moderate to
high value) (DoEE 2019). Category C being the minimum condition criteria for the community
to be considered part of the EPBC Act EBGEE (2019) definitions of minimum patch sizes
for linear remnants along roadsides and Travelling Stock Routes are shown in Appendix 4.

As stated above the MCCP proposes to remove 3HRopfar Box Grassy WoodlaB&EC in
good condition from the mine development site and remove a further 0.7ha of ground cover
within the EEC along the water transfer pipeline.

The impacts of clearing on the habitat values of Poplar Box Woodland are similar to those
stated previously for Box Gum Woodland CEEC. Consequemdgpgnition of the impacts

of vegetation clearing, the following key threatening processes have been listed under both
the NSW BC Act and/or Commonwealth EPBC Act:

x  Clearing of native vegetationBC Act (NSW TSSC 2001) laamtticlearance- EPBC Act
(TSSC 2001)

X Loss of tree hollowsBC Act (NSW TSSC 2007)

X Removal of dead wood and dead treeBC Act (NSW TSSC 2003)

X Bush rock removalBC Act (NSW TSSC 1999).

The removal of the 3ha on the mine development footprint will involve the operation of all
four of these key threatening processes. Which according to MCCP will be mitigated by:

1 clearly marking the area of vegetation to be cleared. Clearing etdridance would be
restricted to the delineated area and no stockpiling of equipment, machinery, soil or
vegetation would occur beyond this boundary.

2 locating the mine development site 200m back from the mapped top bank of Back Creek
therebyavoidng 137.6haof Poplar Box woodland

3 staged clearing of the mine development footprint.

4 timing of vegetation clearingpf woodland/forest native vegetatiorwhich will be
undertaken in late summer and early autunta avoid breeding and/or hibernating
fauna species(i.e. between 15 February to 30 April), except under exceptional
circumstances in the first year of mining operations for gineject. So, in the firsiyear
vegetation clearing will potentially take place when fauna are breeding and/or
hibernating significantly increasing the risk of fauna injury and death from clearing
operations.

5 staged rehabilitation of the EEC on the post mine footprint.
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TABLEL: Condition categories and thresholds for the Poplar Box Grassy Woodland on Alluvial

Plains ecological community. Note the key diagnostic features also apply. Condition Classes A, B
and C are the defined ecological community (from DoEE 20219).
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6 revegetation of approximately 1,026.4ha of previously cleared vegetation in Landscape
Revegetation Zones to the east and soetst of themine development footprintwith
species characteristic of Poplar Box Woodland EEC.

The implementation of Actions 1 and 2 above will assist in maintaitBighaadjoinng EEC
remnants fom the impacts of clearing. Mitigation of the MCCP relies heavimaintaining

the habitat quality of the remaining 137.6ha of EEC along Back Geptémnting of species
consistent with the component EEC species on the post mine landscape and within the
revegetation zones identified in the ElI8s identified for Box Gum Woodland CEEC, it is my
opinion that remnant areas adjoining the mine development footprint will, despite the
proposed mitigation measures be detrimentally impacted edge effects from by mine
operations including; dust, noise, vibration, light pollution and air blasts.

In reference to the proposed replantind, have no doubt Whitehaven will undertake
rehabilitation and replanting on the mine project site and replanting within the revegetation
zones. But what is unknown and highlgolplematic is whether these plantings will be
successful in the long term in-astablishing recognizable areas of EBOEE (2019) in the
0]*3]vP A] *§$SU]JvEPE& 8} $Z & Z ]o]S 8]}vopge u]v
vegetation is cleared and topsoil stripped, these areas cannot be recovered taranprg
state, particularly for open uS ulv [

According to Premise (2025he& development footprint associated with the water transfer
pipeline is 6.4ha Of this area2.4 ha (37%) traverses cultivated agricultural land which
Premise (2025) has assessedCasegory 1t Exempt Land within the meaning of the LLS Act.
The remainder of the pipeline runs parallel to Rangari Road thrdugha of Poplar Box
Woodlandwhich would be underboretb avoid removing mature trees.

The avoidance and mitigation measures proposed by Premise (2025) for the clearing of 0.7ha
of ground cover withirPoplar Box Grassy WoodlaBdEC for the anstruction of thewater
transferpipelineinclude:

1 clearly mark the area of vegetation to be cleared. Clearing and disturbance would be
restricted to the delineated area and no stockpiling of equipment, machinery, soil or
vegetation would occur beyond this boundary.

2 underboring trees to avoid the need to remove mature trees.

3 where trenching is proposed near trees, a tree protection zone would be applied
consistent with Australian Standard AS497The tree protection zone can be
calculated as twelve times thi#iameter at breast heightf the tree or 1m past the drip
line of the tree.

4 installing the pipelineparallel to Rangari Road to avoid further intersection of the
landscape.
5 laydown pipeline areas (i.e laying the pipeline on the soil surface) would be

preferentially locatedn the lowest quality vegetation available.

6 pipeline route has been chosen to avoid waterwéye exception being Bollol Creek)
and locatingpipeline laydown areas outside of waterways.
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7 the length of excavated trench that would be open at any one time would be
minimisedduring construction of the pipeline, to reduce the risk of fauna becoming
trapped. The excavated trench would be inspected daily for trapped fauna.

Additionally, mitigation includes a proposal to establish/enhance approximately 1,026.4 ha of
Poplar Box Grassy Woodland Bisted under the EPBC Act in the Landscape Revegetation
Zones.

The avoidance and mitigation measures Actions 1 to 7 above will, in my opinion, significantly
reduce the impacts of clearing for the water transfer line. The linear nature of the clearing,
itsone off occurrence, its small width (0.5m), the use of underboring, avoidance of trenching
near mature trees, the location of pipe laydowns in the lowest quality vegetation areas and
the immediate rehabilitation of the ground layer post construction should, providing the
above mitigation measures are implemented, ensthrat habitat values (i.e. tree hollows,
dead trees and woody debris and bush rock) will be retained within patches of remnant Grey
Box Woodland EEC. The exception being the immediate pipeline disturbance area.

In my opinion the proposal to establish approximately 1,026.4ha&Pgplar Box Grassy
Woodland EE@sted under the EPBC Act in the Landscape Revegetation Zoreggiis
somewhat irrelevant to the MCCP proposal. As described for the previous Threatened
Ecological Communities (TECs), replanting of are®@oplar Box Grassy WoodlanBEC to
achieve a similar level of condition and habitat value as3ldaof EEC cleared will take a
minimum of 100-120years (which is how long it takessmall treehollow to form)(Gibbons

and Lindenmayer 1997, NSW NPWS 1999)s Uinclear in the EIS how long Whitehaven
proposes to managéhe revegetation zonesand againthere is no indication that replanted
areas within the revegetation zones will be protected in perpetuity. So, the possibility exists
that long before these replanted areas reach a similar level of habitat value 18.6l@aEEC

to be clearedWhitehaven could sell thesevegetationzones,and the replanted vegetation
potentially could be cleared. As a result, the value of this as a mitigation action is
guestionable.

Increased fragmentation

Premise (2025) states that in total thremtches of Poplar Box Woodland BE&t overlap

the boundary of the mine developmeribotprint will be impacted by partial clearingich
that the patch size would decreaser one patch froms.7ha to 4.5 ha2.3ha to 10ha fora
second patch amh 6.6ha to 6.2ha fothe third. This represents losses in area for these three
remnant patches of 21%, 57% and 6% respectivelgonsequently, and contrary to
statements in the EIS (Premise 202hle MCCP will increase the fragmentation of local
occurrences of tis EEC.

Under the MCCP the remaining patches of Bwplar Box Grassy WoodlaBEC along Back
Creek to the north and Leard State Forest to the east outside the disturbance footprint would
remain. Patches of remnant EEC within these areas will still be connected by other treed and
native grassland communities, so while connectivity will be significantly reduced by the
MCCPthrough the loss of 676.6ha of native vegetation that includes 3.0ha of EEC on the
mine development footprint, remnant patches the EEC itself within the remaining landscape
will not be further isolated.
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Any fragmentation of theéPoplar Box Grassy Woodlak®EC caused by construction of the
water pipeline will be, providing avoidance and mitigation actions stated in the EIS (Premise
(2025) are implemented, minimal and temporary in nature. This is because installation of the
pipeline is a on®ff action.

As described previously for Grey Box WoodldBBCthe greatest risk posed by the
construction of the water transfer pipeline, isn my opinionthe trenching in Which, while
open, will act as a pitfall trap for small fauna (reptiles, small mammals and amphibians).
Poplar Box Grassy Woodlan®&EC fauna that do become trapped in the trench are
susceptible to desiccation, hypothermia, starvaticrowning and/or predation. In my
opinion, the EIS must provide greater detail as to the length of trench that is open at any
given time. Simply stating the length of excavated trench open at any given time will be
minimised is not good enough. Additionally, any areas of open trench must be checked more
than once per day for trapped fauna. Without more specification it is likely that the trench
will fragment habitat and result in injuries and death of ECC fauna.

Increased edge effects

As described for the previous Threatened Ecological Communities, detrimental edge effects
arise from clearing and fragmentation of native vegetation. Similarly, in recognition of the
impact of edge effects have on remnant vegetation the same key threatening processes
listed under both the NSW BC Act and/or Commonwealth EPBC Act apply.

According to Premise (2025) the impact of increased edge effects on remnant vegetation
outside the mine development footprintwill be mitigated and managed by the
implementation of:

1 erosion and weed management protocols on site
a Noisy Miner control program along remnant habitat edges
dust and noise reduction measures and

2
3
4 the use of directional lighting wherever practicable along the edge of the mine site
5 feral animal control programs, and

6

vehicle speed limits.

While these actions will potentially reduce the impacts of some of the edge effects from
degradingthe 137.6ha ofemnantPoplar BoxGrassywWoodlandEECadjoining mining site, no
evidence is provided in the EIS to support the efficacy of these actions in maintaining habitat
values for flora and fauna.
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Of the actions proposed Actions 1, 2 and 5 are the most likely to be successful in maintaining
habitat valuesif implemented. There is no evidence that Actions 3, 4 and 6 will be effective
in reducing noise and dust particularly for EEC remnants adjoining the access road to the go
line along the northern boundary of the mining pit. The Bi&écology025) indicates that
vehicle movements along the northern access road to the go line will be in the order of 350
vehicle movements per day, each of which will generate dust, noise and vibration. The 24
hour operation of the mine would also indicate that even if directional lighting is used,
adjoining remnants will still suffer light pollution from 24hr lighting, as well as from vehicle
lights moving around the mining pit and along the northern access ttagkg darkness

Iv ( 8§82 [" ~WE&E u]e 1iNdgi%e nmodéllingshas deén undertaken by specialist

noise consultants RWDI Australia Pty Ltd (RWDI, 2025) for the Project and it shows that the
amount of noise would increase mainly due to a greater number of mining trucks and
equipment (to reflect the increase in ROM [Run of Mine] coal mining rate proposed and
increasing open cut pit extent), but also extend into the eastern part of the State Forest. The
same assessment shows a similar outcome for blasting emissipns } & JvP 8§} §Z /N
(Whitehaven (2025) there is potential for two blasts per day which according to the EIS
~WE u]e wWwollidl«alg have impacts on individual animals however these impacts would

be mitigated by the weekly average number of blasts reaching the same (i.e. altogether
blasting may occur twice in a day, the average of four a week would repain)/$ ]« ]((] pos §]
see how orgoing blasting and 24hr vehicle movements will not detrimentally impact the

habitat values of adjoining CEEC remnants and their faunal components.

The abovenotwithstanding, it is my opinion, that providing the mitigation measures outlined

in the EIS (Premise 2015) are applied to the water transfer pipeline development footprint
including; clearly marking the limits of clearing (exclusion zones), erosion and weed
management protocols on site, dust and noise reduction measures and stated mitigation
measures are implemented then the any negative impacts of increased edge effects on areas
of Poplar Box Grassy Woodlare&C will be minimal.

Increased Groundwater Drawdown

As identified in the EI@Vhitehaven 20253o0me of the Eucalypt species including yellow box
(Eucalyptus melliododaand poplar BoxH. populneathat will be retained along Back Creek
are facultative groundwater dependent specieBoth these specieare component species
of the Poplar Box Grassy Woodlands EEC.

Facultative groundwater dependent specia® specieshat have an infrequente.g. during
periods of drought and low rainfalgr partial dependence on groundwater (Zencihal.
2002) As per theRisk Assessment Guidelines for Groundwater Dependent Ecos{Semws

et al2012) minor changes to the groundwater regime may not have any adverse impacts on
facultative GDEs that use groundwater as opportunisticalBut these ecosystems can
dieback if reduced access to groundwater is prolonged or if the change is tocarapickes
areunable to adapt.
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Facultative ground water dependent speceédract watereither;
x indirectly from the water table via the capillary effect or

x  from the soil profile immediately abovihe water tablewhere groundwater has moved
upwardsdue tocapillaryaction,i.e. the unsaturated (moist) soil abottlee water table.

Modelling by AGEWhitehaven Section &025) indicates existing groundwater depths are
between approximately 10 to 25 m below surface along Back Creek adjaceim tmihe
development footprint.

The EIS (Whitehave®ection 6,711fie <3 § o dixvddwA could result in additional stress

to larger trees associated with the facultative ground water dependent ecosystems during
prolonged drought conditions, but is not likely to result in the widespread loss of the larger
trees, or prevent the lonterm viability of the dependent ecosyst¢nihe EIS acknowledges
that in a prolonged drought there could potentially be an impact (i.e. tree death and/or
dieback) in remnants oPoplar Box Grassy WoodlatEC. It igherefore difficult to
understand why in a prolonged drougttawdown,as a result of mining operationg/ould

not result in the widespread loss of larger trees or detrimentally impact the long term
viability of the EEC.

}& JvP 8} §Z /N ~tZ]8 Z A v ‘anys hjanagementi moditoring or
mitigation measures relevant to GDEs would be described in the Water Managemept Plan
However, the Water Management Plan is not included in the EIS, so the efficacy of any
management, monitoring or mitigation actions cannot be asseggeah approval authority

b)

E}S]vP §Z (Jv181}v }( Z+ E]}pe v JEE A E+] 0 Ju%o
principles at cl6.7 BC Regulation, and departmental guidance, in your opinion, is
the Project likely to have a serious and irreversible impact on the Box Gum
Woodland CEEC?

Serious and irreversiblepacts(SAllare defined in s7.16 of the BC Aasthe inpacts on
biodiversity values as determined under section 6.5 that would remain after the measures
proposed to be taken to avoid or minimise the impact on biodiversity values of the proposed
development or activitfy Section 6.5 of the BC Act directs the reader to the principles
prescribed incl 6.7 ofthe Biodiversity Conservation Regulation 2@BC Reg Under cl 6.7

BC Reg principle (2)

An impact is to be regarded as serious and irreversible if it is likely to contribute significantly
to the risk of a threatened species or ecological community becoming extinct because

(@) it will cause a further decline of the species or ecological community that is currently
observed, estimated, inferred or reasonably suspected to be in a rapid rate of decline,
or

(b) it will further reduce the population size of the species or ecological community that is
currently observed, estimated, inferred or reasonably suspected to have a very small
population size, or
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(c) itis an impact on the habitat of the species or ecological community that is currently
observed, estimated, inferred or reasonably suspected to have a very limited
geographic distribution, or

(d) the impacted species or ecological community is unlikely to respond to measures to
improve its habitat and vegetation integrity and therefore its members are not
replaceable.

The DPIESuidance to assist a decision maker to determine a serious and irreversible impact
(2019)and DEH Serious and Irreversible Impacts weli#eous and irreversible impacts |
Biodiversity Offsets Scheme | Environment and Heritdgecessedluly 2025), provide
information to assessors and decision makers to assist in determining whether a threatened
species and threatened ecological communities are at risk of serious and irreversible impacts.
DEH website identifies Box Gum Woodland CEE@naentity at risk ofserious and
irreversible impacts an@rinciples (a) or (b) of cl 6.7 BC Reg as relewatitis CEECWith
principal (a) being the relevant consideration fietermining SAIl foBox Gum Woodland
CEEC In relation he MCCPRis the project likely tacause a further decline of the species or
ecological community that is currently observed, estimated, inferred or reasonably suspected
to be in a rapid rate of decline

Given that as detailed in theNational Recovery Pla(DECCW 2010), prior to European
settlement Box GumWoodlands formed an almost continuous band comprising several
million hectares from Queensland through NSW into Victoria. Howesiece European
settlementits occurrence on moderate to high fertility soils has resulted in the preferential
clearing of large areas of this ecological community fdsan industrial and agricultural
developmentand/or its modification for pasture improvement and grazing (DECCW 201.0).
2007, Australian Government estimateldat only 405,000hgless than 6%df the original
several million hectares of thiscological communityemainedin all its various condition
states(DECCW 2010)While in2006, the Commonwealth TSSC was of the opinion that less
than 10% of the original extent of Box GWwoodlandsremained (TSSC 2006). Butthdt
remaining 10% only 5% was of sufficient condition and extent to comprise the listed Box Gum
CEEC under the EPBC Act (TSSC.2006)

HunterEco (2024)n the assessmendf SAIl on Box Gum Woodland CE&Cthe MCCP
concluded the following:

Zhis assessment has presented evidence to indicate that the impacts of the Project will not
contribute significantly to the risk of the ecological community becoming extinct in NSW on
the grounds that:

X  The ecological community does not have a very limited distribution.

X  The ecological community has been shown to respond to measures to improve its habitat
and vegetation integrity.

X There is in the order of 16,090,000 ha of Bam Woodland CEEC in NSW meaning that
the total lost to the Project is 0.0005% of the total occurrence, which would not place
BoxGum Woodland CEEC as a whole at risk of extinction.

X  The Project would not result in isolation of any Bexu t}} o v E uv vSeX]
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While | agree with the first dot poinbased on the extensive natural distribution of the CEEC
| stronglydisagree with the nex2 dot points for the following reasons.

Dot point 2 - is correctonly in that the CEEC has been shown to respond to management
actions such that the habitat values and vegetation integoityextant degraded remnants

can be improved(DPIE2021) However, there are to my knowledg®o examples of

successful restablishment of the CEEh severely disturbed ground such as béittkd

mine voids. In fact, the NSW TSSC (2020) in their final determination #iateestoration

of White BoxtYellowBoxt o | oC[* Z 'pu ' «*C t}} ov }E E]A E 3]A
following conversion to cropping is unlikghjt is important to note, thatdnd that has been

cleared and cultivated for cropping is much less disturbed than-be# mine voids. Saf

restoration is considered unlikely on tloelltivatedland thenit will be even less likelyf not
impossible on backfilled mine voids.

Mitigation for the clearing of 79.9ha of Box Gum Woodland CEEC on the MCCP mine
development footprint relies heavilymreplanting CEEC species on the post mine landscape
and within the revegetation zones identified in the EIS, as well as the existing commitment to
establish 544ha of Be®&um Woodland CEEC on the poshe landform (Condition 25 of
EPBC Act Approval 2010/5566).

As discussed previously, even on the proposed revegetation zones to actsevdaa level

of condition and habitat value as the 79.9ha of CEEC cldasdeplanting within existing
CEEC derived native grasslandgl) take a minimum of @0-120years (which is how long it
takes asmall treehollow to form)(Gibbons and Lindenmayer 1997, NSW NPWS 199B). It
unclear in the EIS how long Whitehaven proposes to managenthe rehabilitation site or

the revegetation zones There is no indication that replanted areas within the revegetation
zones will be protected in perpetuity. So, the possibility exists that long before these
replanted areas reach a similar level of habitat value to the 79.9ha of CEEC to be,cleared
Whitehaven could sell theseevegetation zonesand the replanted vegetatiopotentially

could be cleared.

The evidence of the timeframes required to achieve many CEEC habitat elements
evidenced in the replantings on offset properties for the existing mining operation which are
protected underexistingConservation Agreements.hd replanted CEEC on these properties
is currently some 10 years old, and (as demonstrated by photos in the@®%it is at best a
functionally single aged stand shrubland with limited habitat value (Ausecdlpggndix C
2025). The limited habitat valud these replantingss due to;

x little or no structural diversity (i.e. no tree canopy coweith understorey shrubsnd
tree/shrub regeneratioh t necessaryfor species includinghe speckled warbler and
diamond firetail

X no mature feed/nectar producing treesfor species such as thkoala and squirrel
gliders

X no mistletoes - for species including thpainted honeyeaters and diamond firetaaind

X no mature/old growth hollowbearing trees or dead standing tredsessential a shelter
and breeding sitedor brownSE & % E-U Ja&redviat, géloRbellied
sheathtail bat and squirrel glider
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In the EIS,Ausecology (2025proposesto reintroduce someshort to medium term
supplementary habitat features to attract fauna back to thesplantedareas such as:

vertical placement of standing dead holldsaring trees (stags)

X

installation of glide poles to assist gliders to cross rehabilitation areas

x

X installation ofrope bridges from existing habitat to rehabilitatianeas

X installation of bird perchés(salvaged from cleared vegetation) to give birds crossing
replanted areas places to rest, roost and potentially hunt from

X reintroduction offallen timberandhollow log$
X introduction of rock piles

X installationof artificial nest boxesand

X transplanting mistletoes

However, many of these actions cannot be effective in newly planted areas and/or even
areas 10years-old, which are functionallysingle aged shrublandsas per the existing
rehabilitation areas Thsis because many of these actions require tree stem diameters of a
minimum of 20cm or larger to be installeglg. transplanting mistletoe aror installation of
artificial nest boxes. While other actions could be instabedlier (e.g. glide polesppe
bridges, bird perches and standing stapsit until the replanted areas are o$ufficient
maturity to have habitat value for the specidsey are intended forj.e trees are flowering

and producing nectaffor gliders) and/or habitat for prey species is present (for birds of prey)
they are unlikely to be successfurhis is because woodland and forest fauna species tend to
prefer woodland and forest vegetation structuremt single aged stand shrublandsTo
venture into open shrubland areas often places these species at high risk of predation,
desiccation, hypothermiand/or starvation.

Of the actions proposed the introduction of fallen timber, hollow logs and rock piles are likely
to be more effective in the short to medium term. This is because smaller gilayed
andor grasslanddependent species (e.g. skinks, dunnarts and echidnas) aftéen take
advantage of quicker growing cover provided mgtive grasses and shrub/tree saplings
providing their food/preysourcesare present Hence they canutilize the re-introduced
shelter/breeding resources.g. fallen timber, hollow logs and rock pilesish earlier in the
regrowth cycle.

The EIS lacks any specificity as to the appropriate timing for the installation of any of the
supplementary habitat feature proposed above but rather states for all, the anticipated
SJuljvP v uE 3Frphv comthengement of rehabilitation of the Project until
rehabilitation works are complete ~ pe }o} P C Whidheis misleadingas this implies

the mitigation actions proposedwill be effective from the time ofnstallation, which they
clearly will not. Patoet al (2004)in proposing rehabilitation of patches of >100ha of cleared

! Salvaged from cleared vegetation
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PE] poSHUE o o v ]Jv "}usSZ peSE o] (}E& SINE reStovation ]E  * %o
program will take a 100 or more years to produce-sefftaining woodland habitats that the
JE » vope|

Does the reader and/or the approval authority have to presume that Whitehglen to
manage the rehabilitated mine sites and revegetation zones for 100 years or, bemrause
only then idt likely the rehabilitated areas are sdalfistaining.

Dot point 3 t in 2020 the NSW TSSC estimated there were 15,110,000lBx0Gum
WoodlandCEEC remainingdt is important to note his estimate is the area of CEEC based on
the NSW determinationi.e. Box Gum Woodland in all known condition forms. However,
Premise (2025)dentified that of the 79.9ha ofBox Gum Woodland on th®ICCP mine
development footprint 21.9ha isonsistent with the Commonwealth CEEGngti.e. in good
condition. This is supported by theommonwealthApproved Conservation Advi(eCCEEW
2023)which states, thedational listing focuses legal protection on patches of the ecological
community that are the most functional, relatively natural and in comparatively good
condition]

Hunter Eco (2025)ascalculated he area of BoxGum Woodland CERGingthe NSW State
Vegetation Type Mapping (SVTlhd the NSW Governmentldht Community Type (PCT)
mappirg, as well as thassociated assignment of PCTs to the-Barm Woodland CEEThe
result of this calculationd irZthe order of 16,090,000 ha of B&@um Woodland CEEC in NSW
meaning that the total lost to the Project is 0.000%Rlnter Eco 2025) There are a few
issues with how the area of 16,090,000ha has been determiseche of which have been
acknowledgedy Hunter Eco and othswhich have not.These issues include:

X the areas of the mapped PCTs within the NSW SVTM have been computer modelled
Thismeans very few areas of NSW and the mapped P@V¥s beenground truthed.
From previous grountruthing audits of the 8TM mapping undertaken by myself and
Dr John Hunterfor the Namoi Catchment Management Authority and Combined Hunter
Councilsthe areas of mapped PCihsthe SVTMire often less than 35% accurate.

x As identified by Hunter Eq@025)only a few of the mapped PC@snformto the NSW
Box Gum Woodland listingThere are however a range of PCTs which, maart, given
the correct environmental conditions, amccurrences of species and densitfygrowth
forms meet the definition of thé&NSWCEEQsting However, the percentage of any area
of these PCTs conforming to the CEEC description is impossible to determine from the
mapped polygons.

x There is no derived native grassland mappiagd given the pre750 SVTM is
incomplete for Box Gum Woodland (Hunter Eco 202%3re is no wayto accurately
determine the current area of Box Gum derived native grasslaSdsgiventhe above,
the areas of Extent of Oacance(EOO)nd Area of OccupangAOQO)proffered in the
Hunter Eo (2025) report are at best guesstimate€onsequently, the percentage of
0.0005% total loss of Box Gum Woodland CEEC as a result of the MCCP cannot be
accepted at face value.
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X Therearealso no mapped condition ratings for the PG $here is no way to determine
whether any of the wooded PCWsthin the NSW SVTM comprigee Commonwealth
Box Gum Woodland CEEC listemgd therefore would be classified as having good
condition.

Hunter Eco (2025) asserts, based on the EOO map in the report, that the Box Gum Woodland
CEEC on the MCCP mine development footprint is not at the limit of its distribution.
strongdy reject this statement. Based on my knowledge and experience ofj¢lographic
distribution of Box Gum WoodlandEECbut particularly in northern NSW artde Brigalow

Belt South IBRA regipi know the Box Gum Woodland CEEC on the MCCP mine
development footprint is at the western edge of its distributiohhisopinion is supported by

Dr John Hunterpers con2025)who also has personal experiencedigtribution ofBox Gum
Woodland innorthern NSW anthe Brigalow Belt South IBRA region

Further Hunter Eco (2025has identified thatthere are approximately 44.2ha of BGum
Woodland CEEC within 1,000ha surrounding BM&CPmine development footprint and
approximately 190.3ha withithe surrounding10,000ha. These occurrences are scattered
patches that lie in a mostly cleared agricultural matrix. Based osetfigureshe removal of
79.9ha of CEEC on the mine development footprint will result in a 64% reduction in the CEEC
within the surrounding 1,000ha landscape and a 30% reduction in the wider surrounding
10,000ha landscape. Such significant area losses in a predominantly agricultural/mining
landscape, of a CEEC which has an estimated less58aremainingin relatively good
conditionis far more relevant to the impact of the MCCP clearing then any assessment of
area losses on a statewide scale

It must be rememberedhat this community once covered millions of contiguous hectares
andhas since European settlemenbeen clearedfragmented and/omodifiedarea by area
and hectare by hectareToday he remaining area oBox Gum Woodlan@EEContinues to
undergo loss anddetrimental change due tamngoing clearing (legal and illegal), weed
invasion, grazing, pasture improvemertonversion to set stocking, and the effects of
fragmentation (TSSC 2006, DCCEEW 2023).

Box Gum Woodland is listed as critically endangered under both NSW and Commonwealth
legislation. This means that bothe NSW and Commonwealif§SCs are of the opinion that
Box Gum Woodland CEEC i$ aiX extremely high risk of extinction in Australia in the
immediate futuregf ~E~t d*" TiTieX /v, 6 the%edntidued incremental loss (i.e.
death by a thousand cutdhcluding the clearingproposedof 79.9haon the MCCPmine
development footprintthat will inevitablycontributeto its extinction.

Dot point 5 - while the project will not isolate any occurrences of the CEEC it will cause
significant fragmentation and increased edge effdot$er previous sectiorfi)] whichin turn

will threaten the ongoing existencand qualityof the remaining CERsatchesover andwell
beyondthe life of theMCCP
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C) In your opinion, was the assessment of impacts on the Ecological Communities, as
far as it relates to your areas of expertise, appropriate and sufficient?

In my opinion, the assessment of the impacts on E@logical Communitiesas neither
appropriate nor sufficientparticularly orand adjacent tahe mine development footprint

The BC Ac$6.3A requiresfor the purposes of the biodiversity offsets scherdevelopments
to implement anavoid, minimise and offset hierarchggardng the impacts of their actions
on biodiversity values.As outlined in the BC Aché implementation of this hierarchis
requiredas follows:

(@) the proponent of the action first takes all reasonable measures to avoid the impacts of
the action on biodiversity values,

(b) after taking all reasonable measures under paragraph (a), the proponent then takes all
reasonable measures to minimise the impacts that have not been avoided,

(c) having taken the measures under paragraph (b), the proponent then takes biodiversity
conservation measures under the biodiversity offsets scheme to offset or compensate
for any residual impact on biodiversity values.

According to the EIS (Premise 2025) the MCClreldased its clearing/disturbance area from

its original desigmf 771.3ha to 682.9, which according to Premise (2025) is an avoidance of
91.3ha. However, the actual area of avoidance based on these figures is 88.4ha not 91.3ha.

tZ §[+ u}& 3z A}] v E Jvou ¢ iXiz }( vegewtedlandy v I} E
further reducing the area of native vegetatioavoided to 86.1ha It also includes
approximately 74.5ha of mine rehabilitation area which according to Premise (2025) is likely

to comprise PCT 59Qarrowleaved IronbariCypress Pin¢ White Box Shrubby Open Forest

which is not a Threatened Ecological Community (TEGgasAof TECsthat have been
avoided(Premise 2025nclude:

x  3.8ha along the water transfer pipelire Grey Box Grassy Woodland E&@l

x  7.8haof TECsorth of the final proposednine development footprintcomprisng 2.9ha
of Box Gum Woodland CEEC and 4.9ha of Poplar Box GrasskaiddeEC.

In summary, while the MCCP EIS has reduced the area of TECs to be, dlegmeears to
have done so to the minimal extent necessarpotwithstanding this avoidangethe
disturbance footprintimmediately abuts severalpatches ofBox Gum Woodland CEEC and
Poplar Box Grassy Woodland EEC to the north and east

According to the BCT hierarchy outlih@bove, having avoided the clearing of 11.6ha of TECs
the proponent then takes all reasonable measures to minimise the impacts that have not
been avoided

With regard to the Grey Box Woodland and Poplar Box Woodland EECs along the water
transfer pipeline it is my opinion [refer s(a)ii] that provided all mitigation measures proposed
in the EIS (Premise 2025) are implemented, this MCCP installation will have a minimal impact
on this EEC.
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In contrast, and & discussed earlier [refer s(a)i and s(a)ilile clearing for the mine
development footprint will significantly increase the fragmentation of the remaining patches
of TECsutside and adjoining the footprint.Increased fragmentation will result from a
redudion in patch size and alteations to patch shape which willincrea® these patches
susceptibility to edge effects. Consequently, should this development be approved, the
current quality of these remnants and the habitat they provide for their faunal component
will be significantly impacted by; dust, noise, vibration, air blasts and light pollufidrese
impacts aredue to the E uv v@dximity to MCCP24hr mining operations and the 350
vehicle movements per dgyausecology 2023long an adjoining access track to a go line.

As discussed previously [refer s(a)i and s(&Hiigmise 2025noise modelling indicates that
should the MCCP be approved the amount of noise will increase from 24hr/day vehicle
movements and blasting. Twentgur hour/day operation willalso mean that adjoining
vegetation will be subject to light pollution (notwithstanding the proposed use of directional
lighting)and vibration.

A part of the mitigation for the clearinfECsand native vegetationthe EIS (Premise 2025)
proposes progressivieevegetationof the post mine landformfollowing completion of active
mining operations Establishingapproximately 481.2ha of woodland and foresh these

areas However, in s7.4.4 Appendix C (Premise 2025) in describing the areas of rehabilitation
on the post mine voidt talks about the additional 656ha area of rehabilitation on the
continuation project footprint. It is unclear in the EIS why this variation in the proposed
MCCRehabilitation area exists.

Further,Premise (2025) statdbat revegetation would aim to establish salfistaining native
woodland and forest communities that were present prior to the commencement of mining
on the finaIMCCPdndform. No areas of TECs to be reestablished on these reconstructed
landforms is given. While this concerning, of more concern garcity ofdetail regarding

how the presence obelfsustaining woodland and forest communities woblkeldetermined

after replanting The only indication given in the EIS is the statem@&€C would aim to
create recognisable PCTs in the BioNet Vegetation Classififgftvemise 2025)
Nonetheless, it is my opinion that a PCT that conforms with the BioNet Vegetation
Classification (BV@escription would not necessarily be seifstaining, nor would it have
the habitat values of the vegetation communities cleared. This is because the BVC
descriptions are primarily lists of @xcurringflora speciesn the constituent strata of any
given PCTThere are no condition ratings nor habitat values associated with a BVC PCT.

As stated previously [refer s(a)i and (a)iiijwill take more than 100 years for replanted
vegetation to achieve the same habitat values as that cleafezl/er. This includes areas of
TEC. So much more detail is required in the EIS as to how-sustlining vegetation
community will be identified.

This is also true for the proposédndscapeRevegetationZones Where it is plannedispart
of the mitigationto enhance existing extatECareas and/oreplant species consistent with
the three TECs within areas of derived native grasslaod-native vegetation anchon-
vegetated areas (i.e. cropped areahis includes:
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X 340.9 ha of Boxsum Woodland CEEC listed under the NSW BC Actoamth@wealth
EPBC Act

X 1,026.4 ha of Poplar Box Woodland EEC listed underaher©nweath EPBC Actnd
X 348.6 ha of Inland Grey B@xoodlandEEC listed under the NSW BC Act.

While this proposal looks good on papéee. much greater areas of the TEC will be created
than areas cleared, all the issues with such a proposal outlined previouslis ohotument
remain true. Thse are

x MCC are not proposing to protect these revegetation landscape zones undean-any
perpetuity Conservation Agreement. Consequently, there will be no oversight of the
success or otherwise of this proposalr any protection into the future

X Nodetailis provided as to how long these areas will be managedofowhether they
will be sold off in fture years and potentially cleared

X  The probability of successfully reestablishing any of the TECs-simaped mine void
areas and previously cropped land is highly unlikely

x  Even if successful, it will take more than 100 years to achieve TECs with similar habitat
values (i.e. with hollow bearing trees). Will these areas be managed by MCC for that
length of time?

X There are significant differences in vegetation condition between the NSW and
Commonwealth listings for Box Gum Woodland CEEC and Poplar Box Woodland EEC. No
detail is providedn the El&s to how these differences will be assesserk-established
vegetation

X  No contingency plans are provided for the potential impactsto€hastic and/oclimate
change events e.g. extended droughts, flooding or bushfire intensities.

d)

In your opinion, has the assessment adequately considered any cumulative impacts
to the Ecological Communitiearising from the Project?

In my opinion the assessment of th1CCPhas not adequately considered any cumulative
impacts to the Box Gum Woodland CEEC arising from the Project.

According to the EIS (Premise 2Q028)e cumulative impact oMCCPand other major
projects in the area including: Boggabri Coal Mine, Tarawonga Coal Mine, Vickery Coal Mine,
Narrabri Underground Mine, Maules Creek Solar Farm, Whitehaven Solar Farm, Narrabri
Solar Farm and Narrabri South Solar Farm is the lods2605ha of Box Gum Woodland
CEEC either cleared or proposed to be cleatddwever, this cumulative impad proposed

to be mitigated by 1,314.7haof Box Gum Woodland CEEC rehabilitated pmstmine
landforms, approximately 340.9ha voluntarily planted in th@CCP dndscaperevegetation
zonesandthe current protection 0B,540.2haof CEE® perpetuityon off-set properties
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For all of this, he only guaranteedositive outcome for Box Gum Woodland CEEhe
conservation of existingreas of CEE(®,540.2ha)pn the offset properties. Tis is because
these are existingextant areas of Box Gum Woodland CEE&her listed under NSW
legislation or Commonwealth legislatigihat will be managed in perpetuity for conservation
outcomes. The downside to this 9,540.2ha is that th&isting MCC offset properties are
located across three IBRA bioregions (Brigalow Belt South, Nandewar and New England
Tablelands) Gonsequently, those outside the Brigalow Belt South (where the MCCP is
o} § « Z A o]Juls8 A op i @rotpcting}te valueg of the 79.9ha to be
cleared under the MCCHeing in differeniBRA regions means areas of Box Gum Woodland
CEEC exist in differeaimate zones (rainfall, temperaturevind and humidity)and occur on
different landforms soil typesand soil nutrient/hydrological regimes.They therefore
supportdifferent suites of flora and fauna species.

It mustalsobe noted the area of 9,540.2ha is currently 79.9ha larger with the inclusion of
the CEEC on the MCCP mine development footprhich will only be cleared if the project

is approved Consequently, should this project be approved there will be a net loss of CEEC,
as all mitigation proposed is unlikely to protect extant remnant stands adjoining the mine
footprint and any rehabilitation, if successful, will not achieve the same condition or habitat
values for more than 100 years.

Asfor the 1,314.7ha of rehabilitate@EEC opostmine landforms and th&40.9ha CEEC on
the MCCP landscape revegetation zones these are yet to be realiseiétaflsd previouslyl

do not believe it will be possible in the short to medium term teestablish this CEEC on
rehabilitated postmine landforms if at all Further, it may be possible to replanCEEC
species on the proposed revegetation zormea, in my opinion, even if restablishment is
successfulit will take more than 100 years to achieve the same condition and habitat values
as the 79.9ha to be cleared for the MCCBiven the already highly fragmentated and
modified nature of Box Gum Woodland remnants, the lossadirther 64% within the
surrounding 1,000ha landscape and a 30%s in thewider surrounding 10,000ha landscape
(Hunter Eco 2025pf this critically endangeredommunity islikely contribute to local
extinctions of composite flora and fauna.

The EIS providesonfiguresor assessmentegarding thecumulative impacts o Grey Box
Woodland or Poplar Box Woodland EECs.

e) In your opinion, are the measures proposed as part of the Project to mitigate and
avoid impacts to the Ecological Communities adequate? Are there any additional
and appropriate measures that would minimise those impacts if consent was to be
granted to the Project?

In my opinionthe avoid andmitigation measures proposed for the MCCP water $fan
pipeline on Grey Box Woodland and Poplar Box Grassy Woodland aEEG@slequate,
providing they are implemented as written.
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I }v[8 0] A 3Z u *UE *» %E}%}e Box Gyrh WaolandSCEEE &gl

Poplar Box Grassy Woodland EEC on the mine development foodpeirgdequate. This is

because theyely heavily on replanting these TECs on the pugite landscape and in the
proposed landscape revegetation zoness e (E] % & A]l}peoCU / }Vv[$ o] A
possible to reestablish either of these TECs on the pméhe landscape. This opinion is
supported by both the NSW TSSC (2020) and DoEE (2019).

As described previously [refer s(a)i and s(a)ii] extant remnant areas of these two TECs
adjoining the northern boundary of the mine development footprint will be significantly and
detrimentally impacted by; dust, noise, blasting, vibration and light pollution from mining

}% & S]}ve SZ %o E}%o}e U]J8]P 8]}v u su@E « v}3A]8Z+5 v JVPX /
proximity of extant remnants along the eastern and northern boundary of the mine
development footprint, that there are any additional or appropriate mitigation measures

that would minimise the impact of the MCCP on the Box Gum Woodland CEEC and Poplar

Box Grassy Woodland EEC.

In contrast,replantingwithin the landscape revegetation zones is likely to be succesitul
appropriate managementat least in areas oCEEC and EHKferived grasslaral It will
howevertake more than 100 years to achieve the same habitat values as the alirdasse
TECs cleared from the mine development footprif®f concern is the lack of significant
detail in he EIS regardinmany ofthe mitigation measuresssociated with the replanting
including; how selfsustaining ecological communities will be identified, how the
age/structure of rehabilitation sites will influence the installation of supplementary fauna
habitat features and how replanting on the landscape revegetation zones will be managed
and protected into the future

Wendy Hawes

PrincipalEcologis{ The Envirofactor
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Appendix1:

FLOWCHARIDr the IDENTIFICATION of ti@RITICALLY ENDANGERED

t,/d Ky z >>Kt Ky > < >z[" Z 'hD 'Z "z tKK >
and DERIVED NATIVE GRASSLERDLOGICAL COMMUNITY LISTED
UNDERhe EPBC Adfrom the National Recovery Plan DECCW 2010
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Appendix3:

from DSEWPaC (2012)
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Appendix4:

Interpreting linear patches ofPoplar Box Grassy WoodlanBEC, such as a
roadside verges and travelling stock routes (from DoEE 2019)
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Memorandum

Groundwater Assessment - Major Projects and Developments

Project name Boggabri, Tarrawonga, Maules Creek coal mines (BTM Complex)

Project stage Numerical Groundwater Model Update

Due date 17 October 2018

Context Assessment of numerical model report and independent review against
periodic model verification and coordination consent conditions

Water Tim Baker

Regulation 02 6841 7403

Officer

Advice request

Natural Resources Access Regulator (NRAR) requested assessment of numerical model
report and independent review required against the following consent conditions:

X 3D S URJUaitatd\ttie groundwater model for the project, including an
independent review of the model every three years, comparison of monitoring results
ZLWK PRGHOOHG SUHGLFWLRQV’

X 3FRRUGLQDWH PRGHOOLQJ SURJUDPV IRunMMOfteDWLRQ UHF
groundwater and surface ZDWHU PRGHOV XVLQJ DSSURYHG PLQH RSHU

NRAR specifically requested the following:
1. Groundwater Modelling Review

x Adequacy of the model update report to address the two relevant consent conditions
listed above.

X Advise on the adequacy of the recalibration of the model and updated predictions for
drawdown and take of water/entitlement from all water sources.

x Any further recommendations (if any) for the groundwater monitoring program to
improve ongoing model validation/recalibration.

Xx &RQVLGHU 'U OHUULFNYVY SHHU UHYLHZ DGYLFH
X Advise on any meeting requirements to discuss further.

2. Consider the outcomes of review of the numerical model update in terms of advice to be
provided for the following:

X Maules Ck Annual Review 2017 revised (initial advice for this matter is requested now
and can be updated into the future if needed).

X Maules Ck Water Management Plan.
x BTM Water Management Strategy.

x Tarrawonga Water Management Plan.

Copy of NRAR advice request is provided in Attachment A.
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Assess ment Overview

Water Assessments has reviewed the 2018 BTM Cumulative Groundwater Model update,
noting this document was assessed in conjunction with the Boggabri, Tarrawonga, Maules
Creek Complex (BTM) Water Management Strategy, the MCCM Annual Review, the MCCM
Water Management Plan (WMP) and the Tarrawonga WMP.

The BTM coal mining complex (BTM Complex) is located in the Gunnedah Basin,
approximately 15 km northeast of the township of Boggabri in north-western NSW. It
comprises three adjacent open cut coal mines referred to as Boggabri, Tarrawonga and
Maules Creek.

Boggabri Coal Operations Pty Ltd commissioned a groundwater flow numerical model, a
modelling report, and independent review as required by consent conditions. This is an
assessment of the adequacy of the completed work to meet the relevant consent conditions.
It is based on reviewing the following documents:

1. 'RFXPHQW Rapoi\o@ Boggabri, Tarrawonga, Maules Creek Complex Numerical
Model Update. ~ Prepared for Boggabri Coal Operations Pty Ltd by Australasian
Groundwater and Environmental Consultants Pty Ltd (AGE), dated August 2018
(v04.01).

2. Memo referenced as Boggabri-Tarrawonga-Maules Creek Complex - Groundwater
Model Review ~ from Dr Noel Merrick of Hydro Simulations, dated 28 August 2018.

Detailed assessment of the above documents is presented in Attachment B. The main

findings of the assessment are as follows:

f The model and report are clearly prepared for the Boggabri Coal Mine. Although the
model covers all the BTM Complex area, there is no evidence that the model or its report
are embraced by either of the other two neighbouring mining operations.

f The required program/s for periodic validation of groundwater models and plan/s for
coordinated modelling are not provided in the reviewed material. They are also not
providedinthe 3'UDIW :DWHU O0CQdedHBriBQy@abri tTarrawonga +Maules
&UHHN &RPSOH[" GDWHG -XQH :06

f The independent review is generally positive about the reported model. However, it
pinpoints poor model calibration in some areas (order and trend) and general poor
simulation of seasonality. It suggests that the model mostly meets Class 2 confidence
level criteria as defined in the Australian Groundwater Modelling Guidelines (2012). The
review highlights substantial uncertainty in the estimated licensable takes.

f The reported model verification is inadequate. It involved only one previous model (AGE,
2014) for Maules Creek Coal Mine. Other models were not verified. It compares AGE
(2014) model predictions to groundwater level observations and mine inflows estimates
for the period 2013-2016. Quality of predictions is found to vary from generally
reasonable to poor (e.g. observed decline in groundwater level but model predicted rise).
No in-depth analysis is provided for noticed correlation or deviation from observations or
previous modelled predictions.

f There is no evidence that the new model has benefited from the verification of previous
models to provide improved estimates and predictions. For example, the reported
verification considers that improper parametrisation and inaccurate representation of
mining progression in the previous model could be reasons for poor simulation and
predictions in AGE (2014) model. Nonetheless, such issues are not addressed in the
new model. There are also examples of poorer performance by the new model
compared to previous models including reversed vertical groundwater flow direction and
groundwater level trends.

f There are conceptual and numerical model implementation omissions in the new model
that severely degrade its ability to reliably simulate the groundwater system and predict
its behaviour and responses to stresses.
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In its current form, the updated model is not a reliable tool for predicting drawdowns and
mine inflows, apportionment of cumulative effects, or estimation of licensing
requirements.

The model is required to be revised to enhance its simulation and prediction capabilities.
It must adequately represent important traits in the system (e.g. heterogeneity), observed
behaviour (seasonality and trend), and hydraulic relationships (e.g. groundwater
exchanges between alluvium and other strata).

Given the proximity of the BTM complex to the productive water sources of the Namoi
(alluvial and surface water) the model should aim to for Class 3 model confidence level
criteria as much as possible. This new model must be built according to the Australian
Groundwater Modelling Guidelines (2012), and the key principles as defined in the IESC
draft note on Uncertainty Analysis in Groundwater Modelling. The new model must
include progressive review.

A regional scale model may not be able to adequately simulate and make prediction for
certain areas or purposes (e.g. alluvium-bedrock groundwater exchanges in specific a
zone). Further grid refinement and/or local models may be required for adequate
simulation and predictions in some areas such as around the alluvial groundwater
sources. These options must be explored in the required model revision.

There is a need to assess the monitoring network fitness for purpose, particularly the
usability of vibrating wire piezometer (VWP) data for model calibration purposes and gap
areas given the data quality at some sites is questionable and no quality assurance or
verification of the VWP data has been provided in any of the documents reviewed.

The model report is required to be revised and updated to present the revised verification
and model/s. Including; verification of all previous models developed for the BTM
complex, present additional necessary information, describe the revised
conceptualisation and numerical model, and present updated model simulation and
prediction data.

Recommendations

Department of Industry - Lands and Water (Lands and Water) recommend that the
Department of Planning and Environment (DPE) requires the following:

1

Clarify if this model will be adopted by all three mines within the BTM Complex, and
update the individual Water Management Plans for each mine to explicitly state the
status of the modelling and what model is being used to assess impacts.

Noting the MCCM and Tarrawonga do not specifically reference this model in their
updated Water Management Plans.

The BTM Water Management Strategy to include a clear program for ongoing model
validation and updating to enhance model simulation and predictions capabilities and
reliability as new data become available across the BTM complex, including:

i. Individual and/or combined plans for coordinating modelling programs for
validation, recalibration and re-running of the groundwater and surface water
models using approved mine operation plans for all three mines in the BTM
Complex. This should include plans for sharing relevant data.

ii. Aligning relevant consent conditions for the three mining operations in the BTM
Complex.

Requesting revision of the model and modelling report, including the following as a
minimum:

i. Clear definition of the objectives of previous model verification.
ii. Clear definition of the objectives of the new model.

iii. Comprehensive verification of previous models and a clear plan or strategy to
use the findings to improve new models.
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iv. Systematic development of the new model according to the Australian
Groundwater Modelling Guidelines (2012) targeting achieving Class 3 model
confidence level, and according to the key principles as defined in the IESC
draft note on Uncertainty Analysis in Groundwater Modelling. The new model
must include plans to enhance reliability of future models.

v. Defensible conceptual model including inter-formation groundwater exchanges.
This needs to be clearly described in the report in addition to graphical
presentation as may be necessary.

vi. Addressing all the comments in the independent model review, particularly with
respect to faults, heterogeneity, recharge estimates, decreasing hydraulic
conductivity with depth, simulation of mine progression, and progressive review.

vii. Undertaking sensitivity analysis for assumed and possible boundary conditions,
particularly for the assumed constant head boundary conditions in the alluvium
and the faults located to the north and south of the BTM complex.

viii. Clear definition of calibration target acceptable error and confidence ranges
(heads and fluxes), appropriate model discretisation and graphical presentation,
and effective correlation between observation datasets and simulated heads and
fluxes to enable effective model calibration, sensitivity analysis and uncertainty
assessment.

ix. Considering and comparing alternative methods for apportionment of cumulative
effects (e.g. capture zone delineation, zone budgets, etc).

X. Considering the need for refining the model grid and/or building local scale
models to adequately simulate and make prediction for certain areas or purposes
(e.g. alluvium-bedrock groundwater exchanges in specific a zone).

xi. Revised model estimates for needed licensed takes from each individual water
source.

xii. Ensuring realistic representation of inter-aquifer relationships, vertical hydraulic
gradients and flows, including appropriate presentation and discussion in the
report.

xiii. Ensuring realistic simulation of groundwater level seasonal and long-term trends
in response to pumping, mine void development, and climate conditions and
trends.

xiv.Revision of the report to include a summary, list of abbreviations and acronyms,
results of the comprehensive verification of all previous models, additional
necessary information, description of the revised conceptual and numerical
models, and new model simulation and prediction results.

xv. Combine Appendices B and C, redesigned and monitoring sites re-ordered to
enable easy comparison between observation and simulated data (old and new
models) as well as checking the correctness of the conceptual model.

xvi.Considering the comments on the report and model provided in the Extended
Background and Discussion below (Attachment B) and identifying any meeting or
further discussion needs with Lands and Water.

4 A review the monitoring network, including filling the gap noticed in the model
independent review, assessment of the suitability of vibrating wire piezometer (VWP)
data for model calibration purposes, and analysis of network adequacy using numerical
modelling sensitivity analysis techniques.

Lands and Water technical staff will make themselves available for a meeting with the
proponent to address the recommendations regarding the water management plan, annual
review and issues with the modelling.
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Background

Boggabri, Tarrawonga, Maules Creek coal mines (BTM Complex) are required to undertake

periodic verification of numerical modelling predicted groundwater impacts against observed

data. Schedule 3 in each of the three mining project approvals requires & Groundwater
ODQDJHPHQW 30DQ ZKLFK LQFOXGHV « D SURJUDP WR YDOLGDW!|
project, including an independent review of the model every 3 years, and comparison of

monitoring results with modelled predictions. ~

Approvals for the three mines were granted at different times and their model verification
timeframes are not the same. Model verification for each of the three mines is required to
include assessment of cumulative impacts from the other two mining operations.

The Leard Forest Mining Precinct Water Management Strategy applies to all mining
operations in the BTM Complex. It requires them to ¥oordinate modelling programs for
validation, recalibration and re-running of the groundwater and surface water models using
approved mine operation plans ”

The centrally situated Boggabri Mine reached its model verification date (2017). AGE was
commissioned to undertake the required model verification and updating for Boggabri Coal.
Reportedly, the three BTM Complex mines agreed to generate a combined model that uses
data and assesses effects from all mining operations (AGE, 2018). However, there is no
evidence that the Tarrawonga Coal Mine or MCCM embrace the completed model
verification and updating reported in AGE (2018).

Ground water Source(s) and Water Sharing Plan(s)
X Gunnedah-Oxley Basin MDB Groundwater Source

x Upper Namoi Zone 11 Groundwater source (Maules Creek)

x Upper Namoi Zone 4 Groundwater source

x

Upper Namoi Zone 5 Groundwater source
X Lower Namoi Regulated River Water Source
X Maules Creek Water Source (Unregulated)

A list of common acronyms and explanation of key terms is included in Appendix D.
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Table 1. Response to specific advice requested by Water Regulation on the groundwater modelling review.

Advice request

Lands and Water comments
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Advice request Lands and Water comments
Adequacy of the model update report to Condition 1:
address the two relevant consent % program to validate the groundwater model for the project, including an independent review of the model

conditions listed above. every 3 years, and comparison of monitoring results with modelled predictions. *

- Boggabri Mine has reached the review date (not clear 2016 or 2017).

- A groundwater model (not clear 2016 or 2017), report (2018) and independent review (2018) have been
prepared for the Boggabri Mine.

- There is no evidence that the new model, report and review are embraced by the other two mining operations
in the BTM Complex.

- The model report does not include the required periodic model verification and updating program, which is also
not providedin WKH 3'UDIW :DWHU 0DQDJHP HQW+Tawauwdhyd HD\DDRWHY RRIUB B N L&
dated June 2018 (WMS).

Condition 2:

Toordinate modelling programs for validation, recalibration and re-running of the groundwater and surface water
models using approved mine operation plans.

- The report does not provide the required program for coordinated validation, recalibration and re-running of
groundwater and surface water models using approved mine operation plans.

- The model and report are groundwater focused. There is no reference to surface water models.

- The BTM Complex draft WMS treats surface water and groundwater modelling separately and does not
include any indication of coordinated or integrated surface water and groundwater modelling.

- For groundwater, the draft WMS adopts a recommendation from Heritage Computing (2012) V W D VEEadQ of 3
the BCM, TCM and MCCM models undergo regular maintenance and recalibration as additional data on
groundwater responses to progressive mining improves the understanding of the groundwater systems ”
Clearly, this does not indicate or present a plan for coordination or collaboration.
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Advice request Lands and Water comments
Advise on the adequacy of the - The model report was independently reviewed, but the review did not include the numerical model itself.
recalibration of the model and updated - The independent review is generally positive about the model and report, however, it notes that calibration is

predictions for drawdown and take of reasonable to very poor, predictions unreliability, counter intuitive apportionment of cumulative effects, and that
water/entitlement from all water sources. the model results maybe plausible.

- The reported model verification compares groundwater level observations and mine inflow estimates only
against AGE (2014) model predictions. It ignores all other previous models.
- The verification is inadequate and has not contributed to enhancement of the new model.

- The model mostly meets Class 2 model confidence criteria. Given the proximity of the BTM complex to the
productive water source of the Namoi, an increase in the model confidence to Class 3 (as much as possible) is
required, especially if this model it is going to be adopted by all three mines.

- Simulation of groundwater level seasonality and trends is inadequate and simulation of vertical hydraulic
gradients, groundwater fluxes and inter-formation groundwater exchanges contains errors.

- There are examples of the new model performing poorer than its predecessors.

- Conceptual deficiencies include ignoring heterogeneity, disregard of faults, inaccurate recharge estimates,
unchanged hydraulic conductivity with depth, and unrealistic representation of mine progression.

- Boundary conditions must be revised, particularly the faults, recharge, evapotranspiration and constant heads
in alluvium.

- Impacts assessments and licensing requirements must be recalculated using the revised model.
- Apportionment of effects methodology between mining operations needs verification or replacement.

- Model vertical discretisation (layers) requires revision to enable proper representation of vertical flow
components.

- There may be a need for revision of the methodology for assignment of observation data to model layers is
recommended to enhance model calibration.

- There may be need for further grid refinement and/or local scale models for specific areas and/or to answer
specific questions.

- The report must be revised and updated.

- Inits current form, the updated model is not adequate to provide reliable predictions for drawdowns and takes
of entittement from all water sources tsee detailed comments Attachment B.
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Advice request Lands and Water comments
Any further recommendations (if any) for - Review is needed of suitability of vibrating wire piezometer (VWP) data in general and specifically for model
the groundwater monitoring program to calibration purposes.
improve ongoing model - The peer review (Hydro Simulations) of the model identified a data gap area that needs a monitoring site it is
validation/recalibration. suggested the proponent address this.

- The adequacy of the monitoring network needs to be analysed using sensitivity modelling techniques.

&RQVLGHU 'U OHUULFNTV ¢ - The review is thorough, objective and useful. It highlights omissions and makes recommendations to enhance
the model, including improved calibration and additional monitoring to improve future modelling.

- There are matters that have not been detected in the independent review, including potentially serious
conceptual and numerical modelling omissions.

Advise on any meeting requirements to - This assessment has identified a number of shortcomings in the model and report (Attachment B). It could be
discuss further. useful for hydrogeologists from Lands and Water to meet with the proponents and/or their modelling
consultants to discuss the issues and agree on a way forward.

Table 2. Other issues identified by Lands and Water

Issue Lands and Water comments

Does the report clearly describe and - The reviewed report (AGE, 2018) does not adequately description or quantification hydraulic relationships
guantify pre- and post-mining between various formations prior to or post commencement of mining operations in the BTM Complex area.
groundwater exch'anges between the - There is evidence of erroneous conceptualisation and simulation of alluvium and bedrock hydraulic
bedrock and alluvium? relationships.
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Issue

Lands and Water comments

Does the report include plans for the three
mining operations with regards to how,
when and frequency of undertaking
combined model verification and updating
to meet the similar requirements of
individual approvals and the common
Leard Forest Mining Precinct Water
Management Strategy, particularly with
regards to cumulative impacts of the three
mines on groundwater? This includes
plans for information sharing.

- The reviewed modelling report (AEG, 2018) does not include individual or combined plans to undertake

individual, coordinated or combined model verification or updating work as required from the BTM Complex

mines through individual approvals and the Leard Forest Mining Precinct Water Management Strategy.

- The 3'UDIW :DWHU ODQDJHPHQW 6 WTaimaWorAgh\ H RVWXB RYIJREBEHHN &RPSOH]J’
2018 (WMS) also does not present any plans for individual or collaborative periodic model verification and

updating.

Does the report clearly outline a plan to
use results of model updates to inform
updates of the water management
strategies for the three mining operations,
specifically in terms of improvements and
updates of the management triggers and
responses?

- The model report does not include any plans for future model verification, updating or contributions to water

management plans in the BTM Complex area.
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Attachments
Attachment | Title
A Water Regulation Request, including relevant Conditions of Approval

Extended Background and Discussion

Summary of independent review

B
C
D

Acronyms and Abbreviations
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Attachment A

Water Regulation Request , including relevant Conditions of Approval
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Attachment B

Extended Background and Discussion

A. Introduction

A groundwater flow model (AGE 2017), modelling report (AGE, 2018) and independent
review of these two items have been prepared to meet conditions of approval for the
Boggabri Mine and satisfy a relevant condition in the Leard Forest Mining Precinct Water
Management Strategy, which also apply to the neighbouring Tarrawonga and the Maules
Creek coal mines. Collectively, the three separately owned, licensed and operated coal
mines are referred to as the BTM Complex.

Schedule 3 in each of the three BTM Complex PLQLQJ SURMHFW DS&SURYDOV UHTXL
*URXQGZDWHU ODQDJHPHQW 30DQ ZKLFK LQFR@X@twter D SURJUD
model for the project, including an independent review of the model every 3 years, and

comparison of monitoring results with modelled predictions. ~

The condition relevant to all three mining operations in the Leard Forest Mining Precinct
WateU ODQDJHPHQW e&bvéidibat¥ hhddelling programs for validation, recalibration
and re-running of the groundwater and surface water models using approved mine operation
plans”

In response to advice request from Water Regulation (Attachment A) and considering the
above two requirements from the Boggabri Mine, this assessment by Lands and Water is
intended to provide answers to the following questions:

1. What does the independent review by Hydro Simulations suggest?
2. Have previous model predictions been adequately verified?
3. What is the outcome of the previous model predictions verification?

4. s the updated model adequate to reliably update predictions for drawdowns and
takes of entitlement from all water sources?

5. Does the groundwater monitoring program require improvements to enable ongoing
model validation/recalibration?

Are any meetings required to discuss further?

Does the report clearly describe and quantify pre- and post-mining groundwater
exchanges between the bedrock and alluvium?

8. Does the report include plans for the three mining operations with regards to how,
when and frequency of undertaking combined model verification and updating to
meet the similar requirements of individual approvals and the common Leard Forest
Mining Precinct Water Management Strategy, particularly with regards to cumulative
impacts of the three mines on groundwater? This includes plans for information
sharing.

9. Does the report clearly outline a plan to use results of model updates to inform
updates of the water management strategies for the three mining operations,
specifically in terms of improvements and updates of the management triggers and
responses?

/IDQGV DQG :DWHUSYV DVVHVYV P HW@thireBpect\tKthke &BWE ki@ dqudstHRsU W
is provided in Section B below. This is followed by additional comments on the report (AGE,
2018) and model (AGE, 2017) presented in Section C.
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To complete the required assessment, the following documents have been reviewed:

1. 'RFXPHQW WLWOHG 35HSRUW RQ %RJJDEOpleX NwidizZIRQJD 0D
ORGHO 8SGDWH" B3UHSDUHG IRU %RJJDEUL &RDO 2SHUDWLRQ
Groundwater and Environmental Consultants Pty Ltd (AGE), dated August 2018.

2. OHPR UHIHUHQFH G -DavranenBaIMaulesdreek Complex - Groundwater
Model 5HYLHZ" DXWKRUHG E\ 'U 1RHO OHUULFN RI +\GUR 6LPXC
2018.

B. Response to specific questions
1. What does the independent review by Hydro Simulations suggest?

The independent review provided by Hydro Simulations is thorough, objective and useful. It
is summarised in Attachment C.

Lands and Water has noticed that the independent review has overlooked omissions in the

model such as the poor simulation of the groundwater exchange between the alluvium and

WKH EHGURFN VWUDWBS$IO@ XWUX P/ DLURIWDW PRQLWR-U}H&G WKURXJK 5
YLEUDWLQJ ZLUH SLHJIRPHWHU 9:3 RI WKH &XPXODWLYH 1HWZRU
2-level piezometer GW967138 (for location, see Figure 1).

This matter has serious implications to the overall adequacy of the simulation reliability and
the model predictions of impacts, including cumulative effects and licensing requirements.
This point is further discussed below. This particular conceptual error is presented only as
an example of omissions in the reported model (AGE, 2017), but there may be other
undetected issues that require attention.

The independent review highlights the following points:

X The independent review was not conducted progressively, i.e. the reviewer was not
involved at all stages of the model development and application.

X The independent review is based solely on the material reported in the modelling
report (AGE, 2018), i.e. the actual computer implementation of the model has not
been checked.

X The model report is good quality and fit for purpose.

X The used modelling code (MODFLOW-USG) and spatial discretisation methodology
(unstructured grid) are appropriate.

x Direct comparison of performance between the previous model and the current model
is not possible due to differences in model software and setup.

x Calibration for groundwater levels vary across the model domain from very good to
poor.

X Seasonality is poorly simulated.

X Representation of spatial variability of hydraulic conductivity (heterogeneity) in the
model would enhance the model simulations and predictions.?

X The estimates of porous rock water volumes that require licensing is thought to be
possibly unreliable.

X The next update of the model should incorporate actual progression in the Maules
Creek Mine and decreasing hydraulic conductivities of interburden and coal seam
with depth.

! Also referred to as REGO1 and REG_01 in the modelling report and appendices.
% This will require recalibration of the model usingilot-points rather than property zones.
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X The partitioned contributions to drawdown in Layers 1, 2 and 8 based on single-mine
simulations show some counter-intuitive results.

Figure 1. Groundwater monitoring network map, showing the location of sites REG1 and
GW967138 (approximately 60 m apart).
X There is a data gap area that needs to be bridged to improve future modelling.

X Uncertainty analysis is considered adequate to explore the likelihood of maximum
drawdown extent and various possibilities.

X There is substantial uncertainty in the estimated licensable takes.

X The model appraisal table indicates recharge and discharge datasets have not been
adequately analysed for their groundwater response.
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x 7KH PRGHO DSSUDLVDO WDEOH LQGLFDWHY WKDW WKH PRGF

x The model mostly [not fully] meets Class 2 confidence level according to the
classification criteria in the Australian Groundwater Modelling Guidelines (2012)°.

The independent review does not comment on whether Class 2 model confidence level is
commensurate to the size and nature of the operations for which the modelling is required,
particularly in terms of being able to provide reasonably accurate predictions of potential
impacts (individual and cumulative) and licensing requirements.

Furthermore, the independent review does not make notice of that the modelling report

(AGE, 2018) does not specifically define the new model (AGE, 2017) objectives and, hence,

its suitability to meet mining operations requirements cannot be evaluated. Section 2 of the
report (AGE, 2018) presents the objectives and scope of work IRU WKH 3SotytReM HF W’
model.

The model (AGE, 2017) appraisal table in the independent review indicates that the
conceptual model is consistent with project objectives and the required model complexity,
clearly described in Section 3.3 of the report (AGE, 2018), presented graphically very well,
and not unnecessarily simple or complex (major processes are included, evapotranspiration
is considered active, and stratigraphy is sufficiently represented by layer aggregation).

Nevertheless, the independent review does not comment on that there is no specific section
on conceptualisation in the report (AGE, 2018), evapotranspiration may be misrepresented
redundantly considered in the numerical model (AGE, 2017) and the soil moisture balance
mentioned in sections 3.2 and 8.2.6 in the report (AGE, 2018), and the appropriateness of
assignment of observed data to numerical model layers.

The independent review makes repeated reference to Heritage Computing model (2012),
and use it to assess the performance of the reviewed model (AGE, 2017). This is acceptable
but future reviews should not be biased towards a particular previous model.

Lands and Water recommends the following for groundwater model reviews in the BTM
Complex area:

i. Systematic review according to agreed guidelines (e.g. the Australian
Groundwater Modelling Guidelines, 2012).

ii. Progressive review of all future models.

iii. All future models should aim at meetings as many Class 3 model confidence level
criteria as defined in the Australian Groundwater Modelling Guidelines (2012) as
much as possible.

iv. The review of any auxiliary models used, e.g. stratigraphic and soil moisture
balance models.

V. Reviews should include an assessment of the assignment of observation datasets
used in model calibration and verification to numerical model layers.

Vi. Reviews should look at modelling objectives in addition to any overarching project
objectives.

Vii. Detailed assessment of the conceptual model, which should be clearly presented

in a special section in future model reports.

viii. If previous model verification is required, the review should assess the adequacy
of the verification methodology, the reasonability of the verification process
outcomes and that updated models provide improved simulation and predictions
based on the verification of preceding models.

iX. The review should consider all previous models adequately.

® Barnett et al, (2012)Australian Groundwater Modelling Guidelinggaterlines ReportNational Water
CommissionCanberra.
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2. Have previous model predictions been adequately verified?

Appendix B in the report (AGE, 2018) clearly shows that groundwater level predictions only
from the AGE (2014) model were verified using observations made over the period 2013-
2016. Groundwater flow predictions from all other models have not been considered.

If a combined model is to be used for all three mining operations, then predictions of all
previous models, including models not listed in this assessment, should be verified with the
explicit objective of identifying previous modelling shortcoming and setting up a strategy to
avoid them in new modelling.

Lands and Water recommends completing the verification reported in AGE (2018) by
including all previous models related to the BTM Complex area.

3. What is the outcome of the previous model predictions verification?

The reviewed report is not clear about the objectives of the verification process. Itis
assumed that the objective of the verification exercise is to see where and why previous
models performed well or badly and use this knowledge to enhance future model
performance and predictions. Section 7 in the AGE (2018) report clarifies that the verification
process involved comparing [AGE, 2014] model predictions to observed groundwater levels
and trends, and estimates of pit inflow from site water balances.

The report (AGE, 2018) attributes the noticed disagreements between AGE (2014) model
predictions and observations to a range of possible reasons including: (1) variability in
hydraulic properties that is not represented in the model, (2) inappropriate hydraulic
parameters or recharge rates in the model, and (3) not representing enhanced infiltration
from water storage facilities. However, the report (AGE, 2018) does not explain whether
such matters have been addressed in the new model (AGE, 2017) and, if not, why.

It seems that the use of MODFLOW-USG in the new AGE (2017) model instead of
MODFLOW SURFACT used in AGE (2014) and other model completed for mines in the BTM
Complex area is based on a decision to use unstructured grid rather than rectangular grid.
Section 8 of the AGE (2018) report notes that the use of unstructured mesh in the new model
enables better representation of areas of interest, geological elements, boundary conditions
and mining voids with an optimal model grid, aiding numerical stability and limiting the
number of cells.

However, inflexibility of rectangular grids was not identified as a problem in the model
verification exercise, so adaption of the new modelling engine and gridding method is not
clearly related to previous model verification. Similarly, it is not clear how the previous model
verification has led to the adoption of the extent of the 2014 Maules Creek model with minor
changes, the addition of seven layers to better represent the base of the Tarrawonga Mine,
and splitting each interburden layer in the previous model into two layers of equal thickness.

The report (AGE, 2018) also does not clarify any links between the previous model
verification exercise and any of the model components including recharge,
evapotranspiration, wells, abstraction, rivers, creeks, drains, and the calibration approach
(single-material layers and properties determined for materials, as presented in Table 8.2 of
the report).

In conclusion, there is no evidence that the updated model is based on or benefited from
verification of previous model predictions.

Lands and Water recommends undertaking comprehensive analysis of previous model
verification data and presenting the results in a special section in the modelling report. The
modelling report should clearly demonstrate that the new model has benefited from previous
model verification in terms of improved simulation and predictions.
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4. |s the updated model adequate to reliably update predictions for drawdowns and
takes of entittement from all water sources?

AGE (2018) report notes a potential for using the AGE (2017) model for all three mines in the
BTM Complex. This is encouraged as it will provide consistency across the entire BTM
Complex area and will enable more effective assessment and management of cumulative
effects. However, it also means that the combined model would have greater influence over
environmental and resource management in the area, which would require it to have the
highest possible level of confidence and reliability.

As noted above, it seems that the AGE (2018) modelling project has only verified
groundwater level predictions by the AGE (2014) model using observations made over the
period 2013-2016 (Appendix B of the report) and ignored all other models completed in the
area.

Benefits from the verification process are not evident or discussed in the reviewed report.
There is not much evidence of enhanced performance in the new model (AGE, 2017) in
terms of fithess between observed and modelled heads (calibration).

Figure 2 shows that an old model (AGE, 2014) has in some cases simulated groundwater
level more closely than the new model (AGE, 2017). Figure 3 shows that the new model
(AGE, 2017) simulation of seasonality in some cases is poorer than the older model (AGE,
2014). There are also examples of poorer simulation of trend (AGE, 2017).

Figure 2. Goodness of fit between observed and modelled data. Right: AGE 2014 old model.
Left: AGE 2017 updated model.

Figure 3. Representation of seasonality in the old and new models. Right: AGE 2014 old
model. Left: AGE 2017 updated model.
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There is also evidence that the new model (AGE, 2017) has performed poorer than previous
models (e.g. AGE, 2014) in terms of simulating groundwater exchanges between various
strata, e.g. the alluvium and bedrock.

Inspection of hydrographs presented in appendices B and C for monitoring sites GW967138
and REGL1 (also referred to as REG01 and REG_01 in the report) reveal that observed data
indicate persisting downward gradient. The two sites are approximately 60 m apart. The
observations presented in Figure 4 (Left) show that groundwater head decreases with depth
in the alluvium, and that the heads in the underlying strata are lower.

The groundwater head observations presented in Figure 4 (Left) show decrease in head with
depth in the strata that underlie the alluvium. So, groundwater head observations in the area
indicate downward hydraulic gradient and, subsequently, downwards groundwater flow.

Figure 4 shows that the old model (AGE, 2017) generally successfully simulates observed
field conditions. However, the new model (AGE, 2017) completely reverses hydraulic
gradient and the groundwater flow direction (Figure 5). This shortcoming in the model
simulation critically affects its ability to serve as a prediction tool for licensing and impact
prediction purposes.

Figure 4. Observed and AGE (2014) Model calculated groundwater heads at different
depths. Left: Alluvium (GW967138: shallower) vs Jeralong (v1: deeper). Right: Merriown
(V2: shallower) vs Nagero (V3: deeper)*, indicating downward hydraulic gradient and
groundwater flow (see Figure 1 for location).

Figure 5. AGE (2017) Model calculated groundwater heads at different depths (Alluvium:
shallowest, V2: in-between, V4: deepest)® suggesting upward hydraulic gradient and
groundwater flow (see Figure 1 for location).

It appears that the AGE (2017) model may be combining geological units into numerical
model layers ineffectively, e.g. lumping the Jeralong, and Merriown coal seams into
numerical model layer 8, missing the chance for better model representation and calibration

* Figure compiled from the hydrographs presented in AGE (2018) report, specifically G389B7REG1 V1,
REG1_V2 and REG1_V3in Appendix B.
° Figureextracted from hydrograpREGOpresentedAppendix Gn AGE (2018) report.
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using data from observation points in each individual unit, e.g. REG1_V1 in Jeralong Coal
Seam and REG1_V2 in Merriown Coal Seam. Revising the numerical layer assignment and
representation to hydrostratigraphic units will help with model calibration through providing
more appropriate correlation between observations and model calculations. It will also
enable more reliable assessments of flows and licensing requirements.

In addition to the above discussed numerical model simulation inaccuracies, there are
conceptual shortcomings in the new model (AGE, 2017) that most probably affects its
simulation and prediction capabilities. The new model (AGE, 2017) does not adequately
simulate hydraulic properties spatial variability (heterogeneity), recharge, evapotranspiration,
mining progression, hydraulic conductivity-depth relationship, geological structure, and
leakage from water storage facilities.

The new model (AGE, 2017) neglects important characteristics of the simulated groundwater
system like the faults that occur to the north and south of the BTM complex, which can act as
groundwater flow barriers. These prominent structures can have profound impact on the
model predictions. Their importance can increase with mining progression as they can
amplify drawdown in certain areas, and stop its progression to other areas.

Recharge and evapotranspiration rates in the new model (AGE, 2017) need to be
reconsidered. Incorrect estimates will affect model calibration for hydraulic conductivity and,
subsequently, will impact groundwater level drawdown and flux estimates. Noticeably, the
report states that recharge estimates are based on soil moisture balance (SMB) modelling,
which normally accounts for evapotranspiration. The report does not clarify if the additional
evapotranspiration included in the model is from the groundwater directly or the vadose
zone.

The reviewed report (AGE, 2018) notes many of the shortcomings in the new model (AGE,
2017) but does not explain why they have not been mitigated. An example on this is the
mismatch between measured and modelled groundwater levels at the Maules Creek
monitoring bores that the report attributes to inaccurate representation of mining progression
in the model. However, a solution has not been attempted.

The independent review generally endorses the model (AGEM, 2017) and report (AGE,
2018) methodology for apportionment of cumulative effects between mines in the BTM
Complex. However, it notes that it produces counter-intuitive results. The report (AGE,
2018) does not describe any work to verify the model (AGE, 2017) apportionment of
cumulative effects by comparing it to other methods (e.g. zone budgets) or previous model
calculations. The holistic water budgets presented in the AGE (2018) report, e.g.

Table 8.3 and Figure 8.8, are not particularly useful to understand impacts of mining on
groundwater levels and fluxes. The abstraction and impact apportionment methodology
described in sections 8.3.5 and 8.3.6 are unrealistic, overly complicated and subjective.
They are required to be replaced by or at least verified against other methods such as by
zone budget calculations. Special attention is required to be given to predictions relating to
the alluvial aquifers and licensing requirements in general.

The report (AGE, 2018) does not present any information about initial conditions used in the
new model (AGE, 2017). Being a transient model, initial conditions can influence the new
model (AGE, 2017) results (estimates and predictions). It is important to know whether the
new model (AGE, 2017) initial conditions are based on new steady-state model calibration
using unstructured grid and MODFLOW-USG or have been obtained from a previous model,
e.g. AGE (2014).

The report (AGE, 2018) states that the new model (AGE, 2017) Yenerally achieves aspects
of Class 2 and Class 3 confidence level criteria. It does this by simulating a similar calibration
period to the predictive model, replicating seasonal responses to surface water/rainfall
interaction (where included), and meeting calibration and model error statistics.

AGE (2017) model does not meet Class 3 confidence level criteria as clarified below:
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1. Data

x There is a data gap area to the south-east of TA60 and south-west of TA65 which is
an important area for model calibration.

X It does not demonstrate proper use of bore logs and associated stratigraphic
interpretations clearly define aquifer geometry.

X Reliable metered groundwater extraction and injection data are not available

x There is no evidence of utilising aquifer-testing data in defining key parameters such
as hydraulic conductivity.

x Streamflow, stage measurements and reliable baseflow estimates are either not
available or not demonstrated to have been used in the model.

X The model report does not indicate the use of suitable digital elevation model (DEM)
data. Use of DEM is noted in Table 8011 twice, but ambiguously.

2. Calibration

X The model calibration does not account for spatial variability (i.e. heterogeneity) due
to the use of single zones for geological material rather than pilot points. Also, it is
not known if the same hydraulic conductivity values have been used for the same
material that are represented in two separate units or model layers, or if it was varied.

x The model has not been adequately validated (no verification undertaken).

X In areas, long-term trends are not adequately (even in some cases totally reversed)
and seasonal fluctuations is not replicated.

3. Prediction

x The model has not been adequately validated/verified to indicate that calibration is
appropriate for locations and/or times outside the calibration model.

7KH $XVWUDOLDQ *URXQGZDWHU ORGHOOLQVertfkdtigdHOLQHV G
involves comparing the predictions of the calibrated model to a set of measurements

that were not used to calibrate the model. The aim is to confirm that the model is

suitable for use as a predictive tool.

4. Key indicators

X The report does not show that model parameters and stresses (e.g. mining operation
progress) are consistent with conceptualisation.

x TKH PRGHO U Hrvdxpkrerced? independent hydrogeologist with modelling
experience” GHHPV LW ILW IRU SXUSRVH LW KLJKOLJKWYV LPSRU!

Reviewing the model report (AGE, 2018) suggests that the new model (AGE, 2017) may
even not fully meet some Class 2 confidence level criteria. This assessment is of the
opinion that new models in the BTM Complex area should be intended to achieve Class 3
model confidence level as much as possible.

The independent review indicates that the predictions of the new model (AGE, 2017)
fnaybe " SODXVLEOH DQG WKDW 3WKHUH LV FRQVLGHUHG WR EH VXE
OLFHQVDEOH WDNHYV™ T Vdv@eEEt tbeh&v nddéIHAGE, 2017) needs

important enhancements to make it adequate to reliably update predictions for drawdowns

and takes of entitlement from all water sources.

Lands and Water recommends thorough and careful review of the conceptual and numerical
model to be able to fulfil the approval requirements for the Boggabri and or other mines in the
BTM Complex area. Previous model verification and progressive model review must be
integrated in the process. The revised model should be considerate of all comments
provided in this assessment and in the independent review.
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5. Does the groundwater monitoring program require improvements to enable
ongoing model validation/recalibration?

The independent review highlighted a data gap area, which needs to be addresses to
improve future model calibration and enhance prediction reliability. Lands and Water
recommends filling this data gap as soon as possible.

Lands and Water also recommends utilising numerical modelling and sensitivity analysis

techniques in assessment of the adequacy of the monitoring network to meet technical and

operational requirements of the mines in the BTM Complex. Any identified essential
HQKDQFHPHQWY PXVW EH LPSOHPHQWHG WR HQKDQFH WKH QHW:
modelling purposes.

Some hydrographs presented in appendices B and C display questionable data from
vibrating wire piezometers (VWP), e.g. REG2 and REG9. While some VWP data suggest
malfunction of the VWP setup, some hydrographs indicate high level of hydraulic connection
between the alluvium and the coal basin. The proponent is required to validate the accuracy
of all the VWP data and confirm that the data are representative of the formations they are
supposed to be representing. Lands and Water recommends reviewing the suitability of
VWP methods and data gathered so far from VWPs in the area specifically for model
calibration and verification purposes.

6. Are any meetings required to discuss further?

This assessment identifies many technical modelling issues that are deemed inadequate. A
Lands and Water is prepared to meet the proponent and/or their consultants to discuss such
matters.

7. Does the report clearly describe and quantif vy pre- and post -mining groundwater
exchanges between the bedrock and alluvium?

The reviewed report (AGE, 2018) does not present an adequate description or quantification
of hydraulic relationships between various formations prior to or post commencement of
mining operations in the BTM Complex area. Special water budget analytical and numerical
model calculations are required to explore the relationships between the alluvium and other
strata.

It is important to note that the new model (AGE, 2017) sets constant head (CHD) boundaries
in layers 1 and 2 along the southern and western edges of the model to represent
groundwater flow into the model and groundwater flow out of the model, respectively. The
conceptual assumptions have important implications on the numerical model calculations.
The reported model verification process (AGE, 2018) has not checked the effects of these
assumptions on previous model predictions. In addition, the new modelling (AGE, 2017) did
not include sensitivity analysis of these boundary conditions.

There may be a need to refine the model grid and/or build local-scale models to adequately
simulate and make prediction for certain areas and/or purposes like the exchange of
groundwater between the alluvium and the bedrock.

Lands and Water recommends:

i. Undertaking hydrogeological assessment and numerical modelling sensitivity and
uncertainty analysis to validate the appropriateness of the constant head (CHD)
boundaries defined in the alluvial aquifer.

ii. Considering the need for refining the model grid and/or building local scale
models to adequately simulate and make prediction for certain areas or purposes
(e.g. alluvium-bedrock groundwater exchanges in specific a zone).

iii. Preparation of water budgets using analytical and numerical modelling techniques
to adequately describe and quantify hydraulic relationships between various
formations prior to and post commencement of mining operations in the BTM
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Complex area. Budget calculations must be prepared for well-identified agreed
units and should comprise cumulative effects analysis.

8. Does the report include plans for the three mining operations with regards to ho W,
when and frequency of undertaking combined model verification and updating to
meet the similar _requirements of individual approvals and the common Leard
Forest Mining Precinct Water Management Strategy, particularly with regards to
cumulative impacts of _the three mines on groundwater? This includes plans for
information sharing.

The reviewed modelling report (AEG, 2018) does not include individual or combined plans to
undertake individual, coordinated or combined model verification or updating work as
required from the BTM Complex mines through individual approvals and the Leard Forest
Mining Precinct Water Management Strategy.

The reviewed report (AEG, 2018) clearly states it has been prepared for the Boggabri coal
mining operation. There is no evidence or indication to that the model, the modelling report
or any plans in it are endorsed or embraced by the other two operations. The report (AGE,
2017) does not represent a commitment from the Boggabri Mine to coordinate or collaborate
with the other two operators in the area.

The report (AGE, 2018) merely presents recommendations for collaboration between the
BTM Complex mines, including alignment of model verification and updating times, data
sharing and exchange of entitlements. The 3'U D | Wer:NBaWlagement Strategy for Boggabri
+Tarrawonga +tODXOHV &UHHN &RPSOH[" G D WdtkGdees@dt present afyp
plans for individual or collaborative periodic model verification and updating.

Lands and Water recommends that the Boggabri Mine produces model collaboration,
verification, updating, data sharing and cumulative impacts assessment and management
plan/s individually or jointly with the other two mines in the BTM Complex area in fulfiiment to
the requirements of relevant consent conditions.

9. Does the report clearly outline a plan to use results of model updates to inform
updates of the water management strategies for the three mining operations,
specifically in terms of improvements and updates of the management triggers and

responses?

The model report does not include any plans for future model verification, updating or
contributions to water management plans in the BTM Complex area.

C. Additional comments

AGE (2018) groundwater modelling report is generally well-structured and useful. However,
some enhancements and corrections are needed to make it more useful and fit-for-purpose.
Lands and Water noticed the following issues that require attention in the report and the
modelling project in general. They are not listed in any particular order.

x The new model (AGE, 2017) is not an update of a previous model (e.g. AGE, 2014).
It is a totally new model that covers the same area with some commonalities between
the two models.

X The report does not include a summary. A concise, informative summary is required
to be added to the modelling report.

X The report contains unexplained abbreviations and acronyms. Explanation is
required where first mentioned and in a list or table.

X There are some inconsistencies that need to be emended, e.g. Table 8.1 makes
UHIHUHQFH WR 3 PRGHOY ZKLFK KDV QRW EHHQ PHQWLRQ
Also, it is not clear if the previous model should be referred to as AGE 2013 or 2014.
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The y-axis scale of the hydrographs in the appendices does not provide for easy
comparisons between observed and modelled heads.

Graphical presentation of the simulated heads produced by the old (AGE, 2014) and
new (AGE, 2017) models in two separate appendices (B and C) makes is difficult to
compare modelling results at specified sites, or correlate simulated and observed
data between different sites.

A summary/inventory of all previous models is needed. This should include but not
be limited to AGE (2011), Schlumberger (2012), Heritage Computing (2012), AGE
(2014), Parsons Brinkerhoff (2015), etc.

A section is needed on the findings of previous model verification and corresponding
improvements made in the new model.

A special conceptual model section is needed (not as part of geology).

Report must be checked for consistency, H J WKH PHQWLRQ RI D 3 PRGHO
table which is not mentioned anywhere else in the report, mixed reference to the

previous AGE model as 2014 and 2013, confusing reference to monitoring sites, e.g.

REG1, REGO1, REG_O01.

Merging appendices B and C and combining figures for monitoring sites to allow easy
comparison between results of the new model with those of previous models. Colour
and/or line symbol coding will be required.

Representing pre and post AGE (2014) model observations graphically in Appendix B
as two datasets and distinguishing them by different colours is not very helpful. A
vertical line can be drawn to distinguishing pre and post AGE (2014) model
observations (i.e. simulation and verification). This data are better presented together
with old and new model simulation/prediction results.

The presentation of two observation data sets in the LO1 North - Alluvium
hydrographs in Appendix B is confusing (Figure 6). A 3 XV H legéhd is needed to
relate data to their respective piezometers. Also, clarification is needed to which
dataset is used to calibrate the model.

Figure 6. Two sets of observation data from the same monitoring site.

The combined section on topography, drainage and land use is useful. However, it is
very short and does not discuss relationships, or lack thereof, between the mining
operations and surface water features in the area, particularly that at least some of
the interference will involve groundwater.

The report does not make reference to the DEM used in the model (source,
resolution, accuracy).

It would be useful to indicate the screened formation or aquifer in Figure 3.9.
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W LV XQNQRZQ LI WKH 3preddnRQiD Fgure@.B 8 ngBritdW H U Q
represent certain hydrostratigraphic unit/s or the entire flow system.

The depth to water is not noted in the text or presented graphically. A depth to water
[table] map would be useful.

It is not clear whether surface water stage has been used in the groundwater level
mapping presented in Figure 3.9.

The report does not discuss groundwater-surface water interaction.

Important structural geology features (e.g. faults) and their potential effects on the
groundwater flow system are not discussed in the geology section.

The hydrogeology section needs to be expanded. It will be useful to include some
information on groundwater quality, data availability (e.g. pumping tests), expected
hydraulic properties values and ranges from field tests, brief assessment of aquifer
vulnerability, possible pollution sources, and potential effects of the mining operations
on groundwater quantity and quality.

The use of theterm 30L QL QJ LiQth® BeZond paragraph in Section 7.3 is
inappropriate.

Mine inflows data in various units (ML/d and ML/y) and for various periods (2014,
2015, 2014/2015) are scattered across various sections of the report (AGE, 2018) in
different formats, which make them difficult to understand. They are provided in
bullet point format in Section 7.3.1 (daily and yearly averages), text in Sections 7.3.2
and 7.3.3 but in a mix of daily and yearly averages, as ranges in bullet points and
table in Section 7.3.4, and a graph and ranges in bullet points in Section 8.2.4. In
addition, the calculation year is not clear (i.e. calendar or water year).

Apparently, a single hydraulic conductivity value was used in the updated model

(AGE, 2017) for the two layers that represent each interburden layer in the AGE

(2014) model. This suggests that the purpose of the layer subdivision was to

LQFUHDVH WKH PRGHOTVY YHUWLFDO UHVROXWLRQ ZKLFK VK
vertical flows and gradients in the report.

Despite designating 19 layer in the model (AGE, 2017), vertical groundwater flows
and gradients are not noted or discussed at all in the report (e.g. not shown in Figure
3.8 which presents a conceptual geological cross section).

This information is needed and inter-formation flows need to be investigated. The

UHSRUW LQGLFDWH WKDW 3H D F Kpréséntiviglirterburddh RaggeksO OD\HUV L
ZHUH VSOLW LQWR WZR OD\HUV Rt pravKi®t0e atisnaFilkQHVYV™ EXW
doing this VKRXOGQIYW EH OLPLWHG WR EHWWHU JHRORJLFDO X

The maximum evapotranspiration rate of 1,821 mm/yr seems excessive, especially in
relation to the average rainfall and evapotranspiration data presented in Table 3.1.

The soil moisture balance (SMB) model mentioned in Section 3.2 is not described.
Normally, SMB models account for evapotranspiration in their calculations and,
consequently, estimation of groundwater recharge. If this is the case with the used
model, then there may be no need to represent evapotranspiration in the groundwater
flow model (Section 8.1.3.1) as this could represent double accounting unless if it is
taken from the aquifer (i.e. direct evapotranspiration from the water table).

A map is needed to show final [average] recharge and evapotranspiration estimates
across the model domain.

Section 8.2.6 does not provide explanation for the application of recharge calculated
from SMB modelling at differing rates to different material in layer 1 of the model.
Also, it does not clarify whether recharge was applied as average daily values or as
calculated over various stress periods. In addition, recharge and evapotranspiration
values have been changed during calibration, which raises questions on the validity
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of recharge values in the model and the adequacy of the reported SMB model.
Overall, recharge and evapotranspiration incorporation in the model seems to be
arbitrary.

The report does not clarify how the abstraction was incorporated into the model (e.g.
by specifying layers, specifying points, or using screen information).

The use of zonal calibration and assuming constant hydraulic properties for each
layer needs rational. Ignoring spatial variability (heterogeneity) has been noted as a
possible shortcoming in the independent review and at least exploring the need to
represent it is considered essential here. It seems that hydraulic properties have also
been kept the same for various numerical model layers representing the same
stratigraphic units.

Hydraulic property values for the new (AGE, 2017) and old (AGE, 2014) models
presented in Section 8.2.5 are not easy to compare. Table format is preferred (could
expand Table 8.2). The combined table should also include layer numbers provided
separately in Table 8.1. Vertical anisotropy (KH/KV) needs to be presented for the
old and new models.

There is a need to comment on horizontal anisotropy (Kx/Ky) for various
lithostratigraphic units in the old and new models.

The numerical model implementation needs to be better described to enable effective
model vetting and future verification and updates. This includes clarification of
numerical layer extents, how real geological layers were matched to numerical model
layers, etc. Additional maps, cross-sections and possibly fence-diagrams will be
needed to clearly present the model.

The representativeness of groundwater level observations is not clear and,
accordingly, model calibration results cannot be fully understood. This is important to
understand the goodness of the calibration. The report needs to clarify how
observations were assigned to model cells (e.g. by layer, z value or screen extent).

It would be useful to include a table to compare hydraulic property values used in all
previous models and the current model including AGE (2011), Schlumberger (2012),
Heritage Computing (2012), AGE (2014), Parsons Brinkerhoff (2015) and all other
relevant work. It would also be useful to discuss how parameterisation differences
may have affected modelling results.

Goodness of fit between observed and measured values should be presented in
additional forms, including per geological material and per layer model not only
according to their origin “as presented in Figure 8.4. The term %drigin “is not
appropriate to refer to monitoring network.

Section 8.2.4 on inflows is ambiguous in terms of the calibration targets obtained from
water balance calculations. It is unknown whether the estimates presented for each
of the mines are long-term averages or reprehensive of a certain period. Calibration
targets are not marked on Figure 8.5 to enable easy comparison. In addition, the
total inflow value in Figure 8.5 is not particularly useful for practical reasons.

In Section 8.2.4,tKH VWDWHPHQW WKDW 37KH PRGHOOHG LQIORZV [
LQIORZV «" LV PLVOHDGLQJ DQG VKRXOG EH FRUUHFWHG 7t
two modelling methods, not model calculations against real observations.

Groundwater level and/or depth to water data (e.g. average, median, min and/or max)
must be added to the tables in appendix A.

Indicate measurement point and/or land elevation in the figures in appendices B and
C.

The report notes the introduction of a small separate recharge zone within the
alluvium around the Boggabri-Tarrawonga Coal handling and preparation plant
(CHPP) to represent conceptual increase in the recharge generated by the
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construction of several shallow ponds in this area of the site. It notes that automated
calibration reduced recharge in this area and that conceptualisation of this area will
require further review before the next model recalibration. However, it does not
clarify why this has not been made in this model or discuss numerical model options
to represent this perceived stress/boundary condition.

Section 8.2.7 provides a holistic average water budget obtained from the model
(Table 8.3) and holistic quarterly water budget obtained from the model (Figure 8.8).
However, it does not discuss, quantify or predict the exchange of groundwater
between bedrock and alluvium before and during Maules Creek Mine operation,
which is important for licensing purposes.

The report notes that the model predict reduction in the Permian [rock] inflows “to the
alluvium rather than flow out of the alluvium into the Permian strata. This needs to be
reconsidered after making the required modifications in the model.

The report indicates that the new model predicts more extensive drawdown within the
coal seams, but only limited and localised drawdown within the alluvium, stated to be
consistent with previous versions of the model. This conclusion must be revised
following the required model revision.

The report notes that the model predicts drawdown in the Merriown coal seams to
reach the eastern and northern boundaries by 2019, but the predicted drawdown is
different than drawdown predictions in the AGE (2011) and AGE (2014) models. The
new drawdown prediction is less extensive to the west and does not extend into the
Boggabri Volcanics.

However, it is more extensive towards the east reaching the model boundary. The
report presents possible reasons for the differences in predictions. It argues that the
new MODFLOW-USG (erroneously written as MODFLOW SURFACT in the report,
page 49, line 19) is a better representation of reality but does not provide supporting
evidence. However, no analytical or numerical evidence is provided in support to this
claim.

The report includes an uncertainty analysis section that assesses the influence of
simultaneously changing multiple parameters within the model, rather than the
standard sensitivity analysis where only one parameter is changed at a time. The
assessment indicates average uncertainty of +40% to -80% of the calibrated base
case model, which according to the report means that the volume of groundwater
intercepted each year could be one and a half times or four fifths of the predicted
volume. The report must discuss the implications of this uncertainty on mine water
take licensing and operational management.

Uncertainty in the predicted extent of drawdown is presented graphically in Appendix
F of the report. However, it is not adequately discussed in the text (Section 8.4.3).

The report presents an assessment of the model confidence level classification
claimed to be according to the Australian Groundwater Modelling Guidelines (Barnett
et al., 2012). Table 8.11 in the report is inspired by Table 2-1 in the guidelines but
misses on some details. The report suggests that the model generally meets Class 2
and Class 3 confidence level criteria as defined in the Australian Groundwater
Modelling Guidelines (2012). However, it does not specify the confidence level class
required from the updated model. The updated model should ideally meet Class 3
confidence level criteria as much as possible because it should be able to:

1. Adequately predict groundwater responses to changes in applied stress anywhere
within the model domain (e.g. predicting groundwater levels in the alluvial aquifers
and groundwater exchanges between them and other formations as mining
progresses).

2. Provide information for sustainable yield assessments for high value regional
aquifer systems (e.g. estimates for licensing requirements).
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Be used in evaluation and management of potentially high-risk impacts (e.g.
effects on alluvial aquifers).

Be used to design complex mine dewatering schemes (such as the BTM
Complex).

Provide reliable basis for apportionment of cumulative effects.

Simulate the interaction between groundwater and surface water bodies to a level
of reliability required for dynamic linkage to surface water models.
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Attachment C

Summary of independent review by Dr Noel Merrick

Independent review by Dr Noel Merrick of Hydro Simulations is provided as a memo dated
28 August 2018. The review is stated to have been undertaken in accordance with national
groundwater modelling guidelines. It clearly explains the context and the review scope.

The reviewer notes that he had reviewed a previous model for the Maules Creek Coal Mine
(AGE, 2011) and co-authored a hydrogeological assessment of the Tarrawonga Coal Project
(Heritage Computing, 2012).

The review outlines the reviewed document contents and make reference to the review
methodology. It states that it has been generally conducted according to the 2-page Model
Appraisal Checklist in MDBC (2001)°.

The review can be summarised as follows:

10.

11.

It was not conducted progressively as recommended in relevant guidelines.

It is based solely on the material reported the modelling report. The actual computer
implementation of the model has not been checked.

The report is a standalone document, well structured, well written and high-quality
graphics.

Clarification needed on changes made to the AGE 2011 model in the AGE 2014
model.

Direct comparison of performance between the previous model and the current model
update provided in Section 7.4 is not possible.

Omissions that require attention in the report (text, tables and figures) are well
outlined.

In Table 8.5 (Section 8.3.4), it is noted that no production bore is predicted to incur
more than 2 m drawdown.

Changes to the model are generally appropriate, including updating historical data
records, inclusion of data from new bores, conversion from MODFLOW-SURFACT to
MODFLOW-USG, conversion from a structured grid to an unstructured grid, minor
changes to eastern model extent, increasing layers from 12 to 19, incorporation of
actual progression for Boggabri and Tarrawonga mines, delayed commencement for
Maules Creek Mine, inclusion of Goonbri Creek diversion and low permeability
barrier.

Actual progression for the Maules Creek Mine was unchanged.

Modelling assumptions are generally appropriate, including adoption of regional
geology, 19 model layers, quarterly stress periods, aggregation of Braymont,
Jeralong and Merriown coal seams into one layer, aggregation of Velyama to Flixton
coal seams into one layer, setting Boggabri Volcanics as base layer 19, varied grid
spacing for different features, future private abstraction at 2003-2005 average rates,
unified hydraulic conductivity for all interburden layers, unified hydraulic conductivity
for all coal seam layers, rainfall recharge for Boggabri Volcanics and Permian outcrop
lower than value adopted by Heritage Computing (2012), active mine drain cells to
end of mining

The review seems to disagree with some of the assumptions.

® MDBC (2001). Groundwater flow modelling guideline. Muidayling Basin Commission.
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13.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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Calibration for groundwater levels vary across the model domain from very good to
poor.

Seasonality is poorly simulated.

The review notes general very good agreement in terms of magnitude between
observed and simulated water levels at distant alluvial monitoring sites but rather
poor east of Tarrawonga Mine and some Maules Creek Mine monitoring sites.

The review notes agreement between spatial drawdown predictions in the reviewed
model and the Heritage Computing (2012) model, except to the south-east of
Tarrawonga Mine, attributing this to not presenting faults in this area in the new
model.

The review notes the completeness of the uncertainty analysis and its adequacy to
explore the likelihood of maximum drawdown extent and various possibilities.

The review notes that temporal trends in the simulated groundwater level
hydrographs in Appendix C lack seasonal detail for shallow bores, but generally show
declining trends at sites where mining effects have been observed.

The review highlights that groundwater models can only aim to comply with order-of-
magnitude inflow estimates, generally derived as the balancing term in site water
balance models.

The review considers model estimates of mine inflow to be in the right order of
magnitude and attributes overestimation of Maules Creek inflows for 2017 to
shallower depths than anticipated in the model.

The review notes substantial increase in predicted mine inflow at Tarrawonga Mine
from 2024 when mining first enters the Goonbri Creek alluvium, which suggests that
the additional inflow is from the alluvium.

Disagreement in inflow predictions between the updated model and Heritage
Computing (2012) indicates uncertainty with regards to the alluvial water volumes that
require licensing.

The review indicates that partitioned contributions to drawdown in Layers 1, 2 and 8
based on single-mine simulations show some counter-intuitive results but it suggests
the approach seems reasonable.

The review notes that substantial increase in predicted porous rock water take at
Tarrawonga Mine from 2024 when mining first enters the Goonbri Creek alluvium
could be due to the deepening of the mined coal seams but would be counteracted by
decreasing hydraulic conductivities with depth, which is not represented in the model.
The review also notes that the model performs poorly in this area by severely
overestimating heads.

The review highlights the unreliability of the estimates of porous rock water volumes
that require licensing.

The review notes that uncertainty analysis has not been conducted for spatial
variability of layer properties and considers this to be the mostly likely
parameterisation required to improve the poor calibration to the east of the
Tarrawonga Mine where the predicted mine inflows are likely to be exaggerated.

The review also notes the need to explore the sensitivity to mine drain duration and
progressive emplacement with spoil.

The review concludes that change in the used modelling code and grid structure is
appropriate. It highlights the need to represent spatial variability of hydraulic
conductivity (heterogeneity) in the model and that there is a data gap area where
additional monitoring would be informative.
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The review recommends that the next update of the model should incorporate actual
progression in the Maules Creek Mine and decreasing hydraulic conductivities of
interburden and coal seam with depth.

Additional recommendations are made to address other matters noted in the review.

The model appraisal table indicates recharge and discharge datasets have not been
adequately analysed for their groundwater response. With all other criteria being met
to varying degrees. Comments provided in the table contain suggestions to improve
the model, which the review deems to be overall fit for purpose. The review implies
mostly Class 2 confidence classification as presented in the Australian Groundwater
Modelling Guidelines of 2012.

The model SUHGLFWLRQV *PD\EH" SODXVLEOH

There is considered to be substantial uncertainty in the estimated licensable takes.
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Attachment D

Acronyms and Abbreviations

3D Three dimension

AGE Australasian Groundwater and Environmental Consultants Pty Ltd
BTM Boggabri, Tarrawonga, Maules Creek coal mines (complex)
CHPP Coal handling and preparation plant

Ck Creek

DEM Digital elevation model

DPE Department of Planning and Environment

Km Kilometre

Kv/Kh Vertical hydraulic conductivity anisotropy

Ky/Kx Horizontal hydraulic conductivity anisotropy

MDBC Murray-Darling Basin Commission

ML/d Million litres per day

ML/y Million litres per year

mm/yr Millimetre per year

MODFLOW-SURFACT

Modelling software name

MODFLOW-USG

Modelling software name

NRAR Natural Resources Access Regulator
NSW New South Wales

SMB Soil moisture balance

VWP Vibrating Wire Piezometer

WMS Water Management Strategy

WSP Water sharing plan
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File Reference: 27612 in WAMS

Groundwater & Surface Water Assessment  xState Significant
Development

Proposed Maules Creek coal mine (MCCM)
activity

Due date 17 October 2018

Context Revised Annual Review
Water Tim Baker

Regulation

Officer

Advice request

The request for assessment of the original 2017 Annual Review was (refer to Attachment A
for full details):

f Review of presented surface water, water quality and groundwater level data and water
take figures and assess against recent years data, the approved impacts and updated
groundwater model outputs in the WMP.

f Review of surface water, water quality and groundwater level data against the potential

for impacts to surface water flows in local watercourses (Back Creek and Maules Creek).

Note: A Ministerial has been received complaining about loss of flow in Maules Creek at

Elfin Crossing.

Comment on the findings in the Annual Review.

Adequacy of Annual Review in addressing reporting requirements of the WMP.

Adequacy of current groundwater, surface water and water quality monitoring network.

Adequacy of water balance to understand water take and interpret impacts.

~h —h —h —h

This assessment is of the revised 2017 Annual Review. A separate advice request was not
received for this re-review.

Assessment overview

Water Assessments has re-reviewed the groundwater content of the 2017 Annual Review
(and associated documentation) for the Maules Creek Coal Mine (MCCM). Noting this
document was assessed in conjunction with the MCCM updated Water Management Plan,
the Boggabri, Tarrawonga, Maules Creek Complex (BTM) Water Management Strategy and
the 2018 BTM Cumulative Groundwater Model update.

7KH FRQGLWLRQV RI FRQVHQW UHTXLUH W KanWreteKse$QQ XD O 5HY L
review Rl WKH PRQLWRULQJ UHVXOWV« LQFOXG>LQJ@ D FRPSDULVR
UHTXLUHPHQWV«PRQLWRULQJ UHVXOWV Rl SUHYLRXV \HDUV«SUH

However, there remains a lack of interpretation of the data and lack of comparison against
historic monitoring data, modelled predictions and trigger levels.

Furthermore, many of the matters raised in the previous assessment have not been
adequately addressed, if at all.

Consequently, the 2017 Annual Review is again found to be deficient in a number of areas
(refer to Table 1 below).
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The overall review of the assessed documents has raised concern regarding the
conceptualisation of the connectivity between the alluvium of the Upper Namoi (specifically
Zone 11 (Maules Creek)) and the underlying Gunnedah-Oxley Basin in the numerical model
on which impact assessment is based.

The observed data generally indicates a downward gradient from the alluvium to the
underlying coal basin however the model has hydraulic gradient going from the coal basin to
the alluvium.

The report indicates validation of the groundwater model was undertaken comparing the
2014 model to the observed data however no comment is included on the generally poor
correlation between modelled and observed data as shown in Appendix E.

There is referencetoa 0& &0 sfgnificantly updated and recalibrated “model which

SGRHY DFKLHYH” WKH UHTXLUHPHQWY IRU PRGHZD1Y D@ GDWLRQ
is the same as the 2018 AGE BTM cumulative numerical model reviewed as part of this

assessment.

Noting this same error in conceptualisation of the hydraulic gradient and model calibration is
also present in the 2018 AGE BTM cumulative numerical model.

This inconsistency between the observed data and the modelled data is not addressed in
any of the reviewed documents or captured by the trigger level response management.

The surface water review found the original request for trend analysis of the data not
addressed.

The recommendations made below regarding the revised MCCM Annual Review address
these matters.

Recommendations

With respect to the Annual Review, it is recommended DPE require the proponent to the
updated the document to include:

1 An assessment of all bores where the trigger Vifave been breached as per the
requirement of the Water Management Plan. This assessment is to be provided to Lands
and Water and further action may need to be taken.

2 In Table 11, add the methods by which water take was measured/estimated for both
passive and active water take per year from all intercepted and connected water sources.

For example for the river extraction, state flow meter {suggest including the meter
reading in the document), for passive take, state pmodelled estimate fetc.

Where the volume was estimated state how it was estimated, where modelled data is
used, state the version of the model used.

3 Measurement/estimation and analysis of all inputs and outputs to the pit including rainfall,
runoff, groundwater inflows, pumping and evaporation. Including all data collected via the
pit seepage monitoring program as described on page 89 of the revised Water Monitoring
Plan. Where modeled data is used, state the version of the model used.

4  Groundwater levels interpreted via maps showing hydraulic head contours and in cross
sections (as well as hydrographs) showing vertical and horizontal gradients for the
alluvial groundwater sources and multiple formations of the Gunnedah +Oxley Basin.
This to be updated each year as new data is collected +the purpose of this data is to
show trends over time.

5 Thorough trend analysis of all the collected data, updated each year and compared to the
long term data, including graphic representation for transparency and easier visualization
of the data.

6 An analysis of measured groundwater levels compared with modelled predictions as per
the requirements for groundwater model validation. The data shown in Appendix E
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generally shows a poor correlation between observed and modeled data in terms of
hydraulic relationships between formations and in some cases water level trends.

Clarification is also required regarding if the 2017 updated model referenced in section

7.3.2 is the same as the p $*( %70 FXPXODWLYH QXPHULFDO PRGHOTYT 1
condition of consent IRU DOO PLQHV LQ WKH %70 FRPSOH[ WR 3FRRUGL!
for validation, recalibration and re-running of the groundwater and surface water models

XVLQJ DSSURYHG PLQH RSHUDWLRQ SODQV’

7 Analyse the accuracy of all the vibrating wire piezometer data and validate that the data
is representative of the formations it is monitoring.

Lands and Water recommend:

x Tables 2 and 3 below are provided to the proponent, and all matters contained in
them are addressed.

X The proponent engages a duly qualified hydrogeologist to update the Annual Review.

Lands and Water technical staff will make themselves available for a meeting with the
proponent to address the recommendations regarding the annual review and issue with the
modelling.

Manager Water Assessment endorsement: FH Date: 30/10/2018

Comments:

Background

The Maules Creek Coal Mine (MCCM) is an existing coal mine owned and operated by
Whitehaven Coal. The project was originally approved by Department of Planning &
Environment (DPE) in October 2012 with subsequent modification approvals in 2013, 2014
and 2017.

The proponent has prepared an Annual Review (AR) for 2016-17 in accordance with
Condition 4 of Schedule 5 of the project approval (PA 10_0138).

Department of Industry *Lands and Water Division (Lands and Water) and the Natural
Resources Access Regulator (NRAR) has had extensive involvement during project
development and ongoing review and management of this project.

DPE requested Lands and Water review the 2017 Annual Review (dated 26/3/18) to assist in
ongoing compliance of the site. Lands and Water made a series of four recommendations,
and an additional eight sub-recommendations specifically about the Annual Review (see
memorandum from Water Assessment to Natural Resources Access Regulator dated 4 May
2018). The proponent has since revised the Annual Review (not dated). This assessment is
of the revised 2017 Annual Review.

The open cut mining area is located within the catchment of Back Creek. In this region,
Quaternary alluvium associated with the Namoi River, and smaller creeks, form a productive
aquifer system (the Upper Namoi Groundwater Sources). This is underlain by the Permian
Maules Creek Formation consisting of interbedded siltstone, sandstone and coal seams of
the Gunnedah-Oxley Basin.

Seepage at the mine is via direct and indirect take of groundwater from these
hydrostratigraphic units. Underlying these units is the Boggabri Volacnics basement.

Groundwater and surface water hydrology issues have been raised by the community in
recent times with ongoing management of this site. A key issue has been the potential
impact to local surface water systems due to groundwater take associated with the mine.
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This has been highlighted by recent media and ministerial requests (complaints of ceasing
flow at Elfin Crossing on Maules Creek - 419051). It is requested this review consider the
adequacy of the WMP to inform verification of impacts on adjacent water sources.

Assessment

'R, :DWHUSYV DVVHYVYV el fQdwing HahnektatoQ:

x Proponents 2017 Annual Review (dated 26/3/18)

x Proponents 2017 Annual Review (revised version, no date provided, for period
ending 31 December 2017)

Proponents Water Management Plan (Edition 3, Revision 3, dated 2018)
Proponents updated numerical model report (August 2018)

Department of Planning and Environment Development Consent*

Office of Environment and Heritage Environment Protection Licence?
Planning Assessment Commission (PAC) review®

Proponents Response to submissions®

Departmental submissions®

x Proponents original Environmental Assessment®

X X X X X X X

Lands and Water has a number of concerns as outlined in Table 1 below. The
recommendations made above, address the most significant of these concerns. The
proponent should also address all matters raised in Table 1.

Included as Table 2 and 3 is Lands and Water assessment of the original 2017 Annual
Review. It is recommended that these tables are provided to the proponent, and all matters
contained in them are addressed.

! Available at:
https://majorprojects.accelo.com/public/2ee28e5c4d4042429b4b078771643b35/10.%20Maules%20Creek%20Co
al%20Project%20-%20Conditions%200f%20Approval. pdf

2 Available at: http://www.whitehavennews.com.au/sustainability/environmental-management/maules-creek-mine/
% Available at: http://majorprojects.planning.nsw.gov.au/index.pl?action=view_job&job_id=4142
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Dol Water recommendations for original Annual Review

MCCM response

Dol Water comments on revised Annual Review

1 Revise the 2017 Annual Review by 30 June 2018 or within
two months of notification of not-suitability and submit to
Lands and Water for further review. The revised Annual
Review must include:

OHDVXUHPHQW HVWLPDWLRQ RI SDVVIh&21DWIGMEsOW LY
water take are already included in Table 11 and 12. We note the low volumes of
passive and active take against licenced allocation, and the small percentages within
total WSP allowance. Table 11 format aligns with the DP&E Annual Review

Guideline. Additional notes are inserted to Table 12 to explain measurement/source in

Recommendation not addressed satisfactorily. The footnotes added to page
57 do not provide the requested information, additionally the footnotes do not
specify which model the version was used for the predictions.

Add a column in Table 11 stating the method by which water take was

(hydrograph) i.e. not just the current years data. New
data to be added each year and the trend analysis
updated each year. A short term graphic representation
may be necessary for better visualization.

a. L\gﬁzsuerremeear:t]{reosrtr:n;zlﬂltliﬁ?e(r)é epatseﬂvaengnctil) r?rﬁtel\étee\éjv?/cgier relati on to pit seepage monitoring that addresses this request. Given mining depth _measured/estlmated for both passive and active water take per year fror_n all
pery _ _ p was higher than originally modelled above the water table, passive take of porous intercepted and connected water sources. E.g. flow meter, modelled estimate

sources along with their method of k i ligible, and no reportable interception of other connected sources is | €tC:

measurement/estimation and details of the pit seepage rock source IS Negligibie, P Ccep . .

monitoring program. reportable based on independent consultant review of the AR. Meter reads for actual measure take should be included in the document.
It is not stated against which model the site water balance data is based on
given MCCM has referenced three versions of the model, this is significant
given the Lands and Water have concerns regarding the conceptualisation
and calibration of the model from the modelled data presented in the
documents reviewed (see e. for further comment).

b. Measurement/estimation and analysis of all inputs and Measurement/estLPDWLRQ DQG DQDO\VLV RI LQSXWHMisDQ G I | Recommendation not addressed satisfactorily. The footnotes added to page
outputs to the pit including rainfall, runoff, groundwater DOUHDG\ LQFOXGHG ZLWKLQ 7DEOH M6LWH :DWHU 57 do not provide the requested information.
explains 1ack of flows i< due o vaporatons sthis | 0 P e ey and addiional detal Noting page 89 of the revised MCCM WP references a pit seepage
needs to be qualified). m_onltorlng plan listing numerous methods f_or collection of plt.seepage data +

this data should be tabulated and included in the Annual Review.

c. A summary of all groundwater monitoring points in the A summary of all groundwater monitoring points in the network presented in figure Recommendation not addressed satisfactorily. There is not a one to one
network presented in figure form, as well as a table form, as well as a table listing coordinates, depth, type of monitoring installation and match between Figure 9, the figure on page E-124 and the table on page E-
listing coordinates, depth, type of monitoring installation PRQLWRULQJ WDUJHW IRUP DW IARguresoHWomitbridg/pdiRtdisH D F | 101-103.
and monitoring target formation details for each shown within the Annual Review *Figure 9, and additional details included in
monitoring bore included in the report. Appendix E. The reviewer should also note bore details are already provided within

the WMP, and MCC query why duplication is required in the AR document (noting the
same level of detail is not required for other environmental monitoring points). Bore
details have been inserted in Appendix E.
d. All monitoring data included in the annual review All monitoring data included in the annual review (hydrograph), ie not just the current Recommendation partially addressed. Current and prior data included. Trend

\HD UV GThevAdrual Review already summarises a review against EA
predictions and baseline and data is already provided in tabled format within the
appendices. To address the additional information request, hydrographs and
commentary are now entered into the document (refer Appendix E) including previous
years for comparison purposes.

analysis not included.

It is noted the hydrograph shown on page E-118 for REG02 is showing
questionable results i.e. the vibrating wire piezometers (VWP) data from the
Gunnedah-Oxley Basin formations strongly mimic the alluvial water level
response indicated a high level of hydraulic connection between the alluvium
and the coal basin at this location.

The proponent is required to validate the accuracy of all the VWP data to
show the VWP data is representative of the formations it is monitoring.

Author : Andrew McCallum, 02 8838 7827
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e. Groundwater levels compared against modelled Groundwater levels compared against modelled predictions and trigger levels each year | Recommendation partially addressed. Trigger levels and model predictions
predictions and trigger levels each year. trefer amended text and triggers also included in Appendix E. included.

It is noted that at some locations water levels vary significantly from
predictions and are outside trigger levels. Commentary on these deviations is
not included (see Section 7.3.2, pages 53-54).

For example RBO5 (page E-108) and Regl13 (page E-110) significantly deviate
outside the trigger boundaries over a prolonged period (>1 year) with no
mention of an investigation as per the requirement of the WMP +this must be
addressed.

Additionally, the Annual Report indicates validation of the groundwater model
was undertaken comparing the 2014 model to the observed data however no
comment is included on the generally poor correlation between modelled and
observed data as shown in Appendix E.

There is referencetoa 0& &0 $*( 3VLIQLILFDQWO\ XSG[
UHFDOLEUDWHG” PRGHO ZKLFK 3GRHV DFKLHYH’
YDOLGDWLRQ ,W LV XQFOHDU LI WKH pu 0&&0
AGE BTM cumulative numerical model reviewed as part of this assessment.

It is noted the modelled vertical flux and gradients between the Gunnedah-
Oxley Basin and Alluvium has been modelled as upward gradient with the
*URXQGZDWHU ,PSDFW $VVHVVPHQW DSSHQGL]
seepage will result in a reduction in the volume of groundwater from the
BHUPLDQ EHGURFN LQWR WKH DOOXYLDO DTXLIH

The actual measured data generally indicates downward gradient from the
Upper Namoi alluvium to the Gunnedah-Oxley Basin (page E-118 as an
example).

This apparent error in the modelling has significant implications re potential
impacts, licensing requirements and the water balance and hence is
specifically relevant to this requirement and must be addressed.

Noting this same error in conceptualisation and model calibration is also
present in the updated BTM cumulative groundwater model developed by
AGE 2018 for Boggabri Coal mine.
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f. Groundwater levels interpreted via maps showing
hydraulic head contours and in cross sections showing
vertical and horizontal gradients. These to be updated
each year as new data is collected.

Groundwater levels interpreted via maps showing hydraulic head contours and in cross
VHFWLRQV VKRZLQJ YHUWLFDO DQG KRUL]JRQWDO JthidD
is not requested, or appear to be provided, by a selection of other operations Annual
Reviews that were accessed. Text has been inserted into section 7.3.2 of the document
V W D WTh@® mhenitoring network targets a range of different groundwater systems at
differing levels and therefore it is not appropriate to prepare water level contour lines
when water level data is measured in different aquifer units. Despite this the available
water level hydrographs can be interpreted to assess hydraulic gradients vertically and
spatially.

Recommendation not addressed satisfactorily. The requested information was
not provided.

The Department was not implying that water levels from different units should
be contoured together.

To be more explicit the recommendation requires that a contour map of the
shallow alluvial groundwater sources (most relevant to the project) and
individual maps for a number of coal basin formations be presented.

Given this confusion it is suggest a qualified hydrogeologist is employed to
address the groundwater aspects of all the reporting and assessment
requirements of the project. Department technical staff will be available for
further clarification.

The reason for this recommendation is because there is insufficient review of
the monitoring results by the proponent.

It is noted that the conditions of consent require that the Annual Review:
3L Q FO X @dmpréh@nsive review R WKH PRQLWRULQJ UHVX
FRPSDULVRQ RI WKHVH UHVXOWY DJDLQVW U
SUHYLRXV \HDUV«SUHGLFWLRQV LQ WKH ($°

Presently, the annual review does not provide the explicitly required
SFRPSUHKHQVLYH UHYLHZ RI WKH PRQLWRULQJ

g. Greater time series graphical presentation of monitoring
data and time series trend analyses and statistical
testing of monitoring data to enhance interpretability of
any emerging time series trends for surface water
monitoring data.

Recommendation not addressed satisfactorily.

Trend analysis etc not completed for surface water data.

h. Presentation of the water quality data in graphical
format including historical data would allow improved
comparison with trigger levels and trend analysis.

Presentation of the water quality data in graphical format« « 1RWH FRPPHQW D
UHJDUGLQJ 0&&TV SRVLWLRQ RQ WKH pExcdtatiolrd tataR Q R
inserted into Appendix E to address this request.

Recommendation partially addressed.

Surface water quality data not presented as requested (see Appendix D).
Groundwater quality data has been updated (see Appendix E).

In Table 4 it is stated that groundwater samples were

unable to be taken from two locations from early 2017
onwards as they were removed due of the progression of
PRQLWRULQJ 7KLV LV UDQNHG ZLWK
non-FRPSOLDQFH’

Dol Water notes that not only were samples not collected
but groundwater levels were not recorded. Dol Water
GLVSXWHV WKH DVVLIJQHG ULVN-OHY
FRPSOLDQFH" ZKLFK LV DSSOLFDEOH
submitting a report late). Dol Water recommends this item
be addressed in a review of the monitoring network.

Response not explicitly given by MCCM.
Unknown if this is because DPE passed on recommendation or not.

Refer to separate review of Water Management Plan.

The proponent equips all monitoring bores in the network
with pressure loggers, recording pressure, temperature and
EC where possible.

Refer to separate review of Water Management Plan.

The revised Water Monitoring Plan must ensure the
recommendations made by the Planning Assessment
Commission (PAC) are addressed and previous
commitment of monitoring implemented.

Refer to separate review of Water Management Plan.
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It is requested a reference be made to the applicability of
the Harvestable Right Dam Policy to the current extent of
mine surface water catchments and whether all runoff
sourced from minor streams is being captured in dams that
fit within the exclusion provisions of Schedule 1 of the Water
Management Regulation 2011. Confirmation is also
requested of runoff being captured from third order or higher
order streams where water entittlement would need to be
considered.

Include commentary to the applicability of the Harvestable Right Dam Policy to the
current extent of the mine surface water catchments and whether all runoff sources from
PLQRU VWU Bdrmentary related to Harvestable Right policy is not typically a
condition for inclusion in an Annual Review document, and has not been specified within
previous Annual Reviews. MCC question the relevance as this is addressed within an
environmental assessment stage for SSD and its footprint, and disturbance footprint
approved. Notwithstanding, text has been inserted in section 7.2.2 to address NSW
L&W request.

Confirmation is also requested of runoff being captured from third order or higher order
VWUHDPV ZKHUH ZDWHU HQWLWOHPH Q \&s @ievwe Qdter@H 3.&

NRAR to advise regarding harvestable rights, etc.

In regards to the licenses and approvals listed in Table 5
the following comments are provided:

a. 90WAB801901 is linked to WAL13050. It is
recommended this WAL be referred to.

b. A number of the work approvals listed are for
bores authorised for stock, or stock and
domestic use. It is recommended this purpose
be listed in this table to assist in understanding
the works relevant to use for the mining
activities. Relevant bores include 90WA809078,
90WAB809079, 90WA809300, 90WA809127,
90WA820120.

c. Approval 90WA822412 is a bore authorised for
mining and industrial purposes and is linked to
WAL29467. It is recommended this purpose
and WAL be referred to.

d. WAL12811, WAL29467, WAL27385 and
WAL12479 are all linked to a miscellaneous
work (an administrative number used to relate
to the SSD approval) to account for
groundwater take from the excavation. It is
recognised these 4 WALSs are not linked to a
water supply work approval due to that
requirement being excluded from an approved
SSD. It is recommended a reference be made
to these WALSs as being held for predicted
groundwater take from the excavation to assist
in interpreting water accounting at the site. This
would also be useful to see in Table 11.

8SGDWH 7DEOH WR LQFBKGH/DVOLYWMEe ZLWK ZDWH
reporting period are related to mining activities as noted within the footnote of Table 11,
with water take assigned accordingly to the necessary licences. Table 2 has been
UHYLVHG WR DOLJQ ZLWK RWKHU OLVWHG :$/TV LQ WD
DOUHDG\ LQFOXGHY UHIHUHQ BEDOWIR wWatd litedde B\ oy S U |
Namoi Regulated River Water under works approval 90WA801901.

No further detail is considered to be required.

Update Table 11 Water Take to include WAL12811, WAL29467, WAL27385 and

8/ « 0&& QRWH WKHVH : &dyfiNcluzietHn DabléJI. MCC request
FODULILFDWLRQ LQ WKLV LQVWDQFH 1RWH DV DERYH
for consistency with other tables.

NRAR to advise regarding licensing requirements.
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7 Revise the Water Management Plan by end July 2018 and
submit to Lands and Water for review. The revised Water
Management Plan must include:

a. Ensure all previous
comments/recommendations provided in a
letter by NSW Office of Water dated 20
November 2014 on the WMP have been
addressed

b. A revised monitoring network, including
consideration of which bores will be
removed/replaced due to expansion of the pit.

An updated site water balance model.

d. An updated groundwater model as previously
committed to.

[With respect to 7d:] MCC note this is already addressed within section 7.3 of the
submitted version. To address NSW Land & Water request, additional detail is added in
section 7.3.2. As required by Schedule 3, condition 40 (c) of PA10_0138, a review of the
measured groundwater monitoring results against predictions made within the 2014
groundwater model was undertaken by AGE commencing in 2016 as part of a wider
review of groundwater processes occurring in the Maules Creek area. The
YDOLGDWLRQ YHULILFDWLRQ SURFHVY LQYROYHG FRP

The model was significantly updated and recalibrated in 2017. The review indicated that
the model does achieve these requirements and improvements will continue to occur as
data and models progressively develop with future validation. Following a peer review, a
report will be submitted to the government in the next reporting period.

The independent review/validation is undertaken consistent with commitments in the
WMP.

Refer to separate review of Water Management Plan.

8 Finalise the Leard Forest Mining Precinct Water Monitoring
Strategy by 30 June 2018 and submit to Lands and Water
for review. It is understood this strategy requires
development with the other mines, however it is recognised
as an outstanding matter in the consent conditions.

Refer to separate review of Water Management Strategy.
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No.

Issue

Dol Water comments on original Annual Review

Dol Water comments on revised Annual Review

1

Water take

The Annual Review has tabulated the relevant water access licences (page 1, 10-12).
The Annual Review has also tabulated the water take per water access licence and per water source (page 46).

The passive take/inflows are listed as 0 ML for all water sources but the NSW Murray Darling Basin Porous Rock
Groundwater Sources where it is shown as <10 ML. It is not clear how these numbers have been derived.

The Annual Review (page 55) makes the point that predicted inflows for year 6 were about 1.9ML/day (695 ML/yr),
whereas the actual inflows have been negligible. Doi Water Notes that. there appears to be some confusion of year 5
vs year 6 in the text. It is also noted that these figure appear to differ from the predicted inflows in the site water balance
(see WMP, pages 80 and 85).

Evaporation is mentioned as a reason for limited inflow (page 55) however, this statement is not qualified, an estimate
of how much evaporation has occurred is not provided.

The WMP (page 81) states there is an in-pit pump and in addition states (page 120) that there is a pit seepage
monitoring program.
Dol Water recommends that the Annual Review is revised such that:
X Both passive and active water take are documented along with their method of measurement/estimation and
details of the pit seepage monitoring program.

X Measurement/estimation and analysis of evaporation from the pits is documented. The water take is compared
against historical data and modelled predictions, on a year-by-year basis.

Response not explicitly given by MCCM. Unknown if this is because
DPE passed on table or not.

Dol Water recommends that this table is provided to the proponent,
and all matters contained in it are addressed.

Groundwater level data

Dol Water has a number of concerns about the groundwater level data presented in the Annual Review (page E99-
E112):

x Figure 9 (page 54) does not include all monitoring points, but only those reported on for the last year

X The symbols used Figure 9 are unclear for Reg7, Reg7a, Reg10, Regl0a, RB05 and RB05a and possibly

missing for Regl (elsewhere called Reg01).

Data for the regional and private bores is presented in tabular rather than figure form

Data for the VWPs is presented with varying y-axis scales, making comparisons difficult

Only data from 2017 is presented

Depths are not provided for the regional bores, private bores or vibrating wire piezometers (VWP)

The monitoring depth/formation is not presented for the regional or private bores

Declining trends of 5+ meters evident in some of the VWP data *trend analysis not included

Apparent data errors (e.g. step changes) evident in some of the VWP data zerror analysis not included

Groundwater level data are not synthesized (e.g. in maps showing hydraulic head contours, or in cross sections

showing vertical and horizontal gradients) or set it the larger regional hydrogeological context

X Groundwater level data are not compared against historic data, modelled predictions or trigger levels (n.b. the
groundwater trigger levels in the WMP (page 121-122) need to be clarified) long term trend analysis not
included.

Dol Water recommends Annual Review is revised to include:

X Groundwater level data is presented for all monitoring points in the network, not just those monitored in 2017,
and presented in figure form

X Groundwater levels are not limited to the reporting year but to the full dataset, groundwater levels are to be
guantitatively analyzed for trends

x  Groundwater levels are compared against modelled predictions and trigger levels

x  Groundwater levels are interpreted via maps showing hydraulic head contours and in cross sections showing
vertical and horizontal gradient

Dol Water further suggests the Annual Review is revised to also address all other concerns raised above.

X X X X X X X X

Response not explicitly given by MCCM. Unknown if this is because
DPE passed on table or not.

Dol Water recommends that this table is provided to the proponent,
and all matters contained in it are addressed.

Potential impacts to Back and
Maules Creeks

The 2017 Annual Review satisfactorily addresses the specific points that are required to be addressed as outlined in
Attachment B. However the proponent should note the requirement to identify any trends in monitoring data over the life
of the development. The 2017 Annual Report is currently deficient in this regard. Presentation of water level and water
quality monitoring data in graphical format, together with appropriate time series trend analyses and other statistical
analyses, would enhance the interpretability of any emerging trends in surface water and groundwater monitoring data.

The current surface water monitoring network in Maules Creek with the single long-term active station equipped with
continuously recorded water levels located at Elfin Crossing is sufficient to assess the effects of mining activities on the

Response not explicitly given by MCCM. Unknown if this is because
DPE passed on table or not.

Dol Water recommends that this table is provided to the proponent,
and all matters contained in it are addressed.
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No. Issue Dol Water comments on original Annual Review Dol Water comments on revised Annual Review

hydrology of the lower reaches of Maules Creek. There are currently no active gauging stations on the smaller Back
Creek. Back Creek is likely to be even more intermittent than Maules Creek which presents technical difficulties in
monitoring flow. There are no long term surface water hydrology data with which to assess trends in Back Creek prior to
and after the commencement of mining activity.

As a part of the monitoring system for the mining development, there are a reasonable number of groundwater
monitoring bores situated along the length of Back Creek, including private landholder bores that are being monitored
for water level and water quality. Any potential mining impacts on surface water hydrology in Back Creek that are
related to mining disturbance of aquifers are likely to be registered first in these groundwater monitoring bores. None of
the groundwater level data in monitoring bores along Back Creek presented as tables in the Annual Report showed
fluctuations of the magnitude of monitoring bores in the agricultural area.

4 Findings of Annual Review Dol Water does not consider the Annual Review provides sufficient evidence to adequately determine if impacts are Response not explicitly given by MCCM. Unknown if this is because
occurring to groundwater, and at what magnitude. DPE passed on table or not.

Also, Tables 2-4 summarise the status of compliance for the project (pages 1-4).

In Table 4 it is stated that groundwater samples were unable to be taken from two locations from early 2017 onwards as | Dol Water recommends that this table is provided to the proponent,
WKH\ ZHUH UHPRYHG GXH RI WKH SURJUHVVLRQ RI PRQLWRULQJ %KLV LV andall matters contained in it are addressed.

FRP SOLDQ F H ér ndRes thBt\Wot only were samples not collected but groundwater levels were not recorded. Dol
:DWHU GLVSXWHV WKH DVVLIJQHG ULMNRBPSHYHDQRH*$ERLBRDK VW UDS/EIOMHF [MERA
submitting a report late).

5 Adequacy of groundwater The groundwater monitoring network, as presented in the WMP, consists of: Response regarding additional monitoring bores given as:
monitoring network X A baseline monitoring network (refer Table 6.1 on page 96 and Figure 6-1 on page 98) 37KH DGGLWLRQDO ERUHV ZHUH LQVWDOO
x A wider monitoring bore network inclusive of monitoring at three mines sites and nearby government monitoring | recent IEA. Bore details are included in Appendix E and text inserted
points (refer to Figure 6-7 on page 107) RQ SDJH 3

X Replacements bores (refer to Table 6.3 on page 110 and Figure6-8 on page 111)
X Cumulative impact groundwater monitoring locations (refer to Table 6.4 on page 113 and Figure 6-9 on page
115)
X Some of the registered bores near the mine site (refer to Table 6.5 on page 117).
Dol Water has previously had input into the design of this monitoring network. As presented in the WMP, the monitoring
network is satisfactory.

However, the groundwater monitoring network, as presented in the Annual Review, consists of:

A response to the remainder is not explicitly given by MCCM.
Unknown if this is because DPE passed on table or not.

Dol Water recommends that this table is provided to the proponent,
and all matters contained in it are addressed.

x 13 regional monitoring bores *a mix of the baseline monitoring network, replacements bores and cumulative
impact groundwater monitoring locations

X SULYDWH ERUHV DOWKRXJK DU HrevEr $@ihiGdeZl&veloninBrigHD UV WR

x 32 VWPsin 9 locations.

It appears that only those bores monitored in 2017 are presented in the Annual Review.
The Annual Review states that the regional monitoring bores are measured monthly (page 53).

Dol Water recommends that all regional monitoring bores are equipped with pressure loggers, recording
pressure/temperature and possible EC) daily.

Appendix 6 of the Approval of Consent (page 55) included the recommendations from the Planning Assessment
Commission for additional groundwater monitoring. This included the recommendation that the 17 additional monitoring
bores proposed be equipped with water level or pore pressure transducers. It is unclear if this, and the other three
recommendation, has been complied with.

Dol Water notes that in the WMP (page 123) there is a stated commitment to address the PAC commitment within 5
years of approval. The updated WMP should address this.

Dol Water recommends that the monitoring network (including consideration of which bores will be removed/replaced
due to expansion of the pit) is reviewed as part of an updated Water Management Plan (WMP)

6 Adequacy of reporting 7KH :03 SDJH VWDWHYVY WKDW 3PRQLWRULQJ UHVXOWYV RI SUHY LR Xata\H Response not explicitly given by MCCM. Unknown if this is because
RYHU WKH OLIH Rl WKH GHYHORSPHQW  DQG 3LGHQWLILFDWLRQ DQ\ GLVF DPE passed on table or not.
GHYHORSPHQW DQG DQDO\VWVH WKH SRWHQWLDO FDXVH RI DQ\ VLJQLILFD

As noted above, these were not satisfactorily done in the 2017 Annual Review. Dol Water recommends that this table is provided to the proponent,
Dol Water notes that it is unclear from the Annual Review if reporting under the EPBC Act 1999 has been completed. and all matters contained in it are addressed.

Author : Andrew McCallum, 02 8838 7827 Reviewer: Cate Barrett , 02 6363 1424
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File Reference: 27612 in WAMS

No.

Issue

Dol Water comments on original Annual Review

Dol Water comments on revised Annual Review

6HFWLRQ LQ WKH :03 SDJH VWDWHYV W K BWoaAdiorDerefFRAUG DIQF; MCZ Wil K
regularly (at least every six months) prepare a summary of monitoring results and make these publicly available at the
PLQH VLWH DQG RQ WKH 0D X O H Vht ik NvhZeth & §rin$\Wis cOm7ald/bh aM ésWerelek-site-
monitoring/ does not include water monitoring.

Dol Water recommends that the S U R S R Qudl@it¥ i% Updated to include monitoring data every 6 months.

Adequacy of site water balance

The site groundwater balance is presented in Table 12 (page 55) of the Annual Review.

The balance is shown with each line-item to the nearest ML (with the exception of groundwater seepage and
miscellaneous). The water balance would be strengthened by inclusion of the uncertainty (e.g. +/- 10%) associated with
each figure, and information about the method(s) used to compute each item.

The WMP (page 79) says that a predictive water balance model was prepared for the first 5 years of mine life only. As
per Section 5.4 in the WMP (page 94), the site water balance needs to be updated and validated as new information
becomes available.

Dol Water recommends that the updated WMP revises the site water balance, and includes years 6-10 also.

Response not explicitly given by MCCM. Unknown if this is because
DPE passed on table or not.

Dol Water recommends that this table is provided to the proponent,
and all matters contained in it are addressed.

Water Management Strategy and
Plan

The WMP sits within the larger Leard Forest Mining Precinct Water Monitoring Strategy (WMS). The objectives of the
strategy are to (WMP, page 22):

X minimise potential cumulative water quality impacts associated with the BTM Complex

review opportunities for water sharing/water transfers within the BTM Complex

co-ordinate water quality monitoring strategies between BTM Complex operations as far as practicable
undertake joint investigations/studies between BTM Complex operations in response to
complaints/exceedances of trigger levels where cumulative impacts are considered likely

co-ordinate modelling programs between BTM Complex operations for validation, re-calibration and rerunning
of the groundwater and surface water models using approved mine operation plans

Dol Water notes that this document was not referenced in the Annual Review, nor is it available online.

Dol Water recommends that the Leard Forest Mining Precinct Water Monitoring Strategy is submitted to Dol Water for
review.

Dol Water notes that the Water Management Plan (WMP) is dated March 2014 and is therefore more than 4 years old
Further, Dol Water has previously written to the proponent with a series of recommendations to improve the WMP on 20
November 2014.

Dol Water recommends that the WMP is updated. The updated WMP should address all previous advice provided by
Dol Water (formerly NSW Office of Water).

X X X X X

Refer to separate review of Water Management Strategy.

Groundwater model(s)

The groundwater model appears to have been last updated in 2014 (WMP, page 119).

Further, it is stated in the WMP (page 55) that 3$GGLWLRQDO %70 FRPSOH[ ZLGH JURXQGZDV
ILQDOL]J]HG >GXULQJ WKH QH[W UHSRUWLQJ SHULRG@ WR HQVXUH FDOLEL
have been completed.

It is also noted that seepage into the mine is expected to rapidly increase around year 7 (WMP, page 120), thereby
potentially causing impacts to surrounding aquifers/creeks. A revised model is imperative at this juncture of the mine
life.

Dol Water recommends that the updated WMP also includes an updated groundwater model.

Refer to separate review of numerical model.

Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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Table 2: Water quality assessment done for original Annual Review

File Reference: 27612 in WAMS

No. | Issue Dol Water comments on original Annual Review Dol Water comments on revised Annual Review
1 The planning approval 40(b) requires a surface water management plan The water management plan shows data collected between 2010 and 2014 as | No further comments
that includes detailed baseline data on surface water flows and quality in well as historical data.
the water bodies that could be potentially affected by the project. These were used to develop trigger levels, when insufficient data was available
trigger levels to investigate any potentially adverse impacts on downstream | the trigger level from the ANZECC (2000) guidelines were used.
water quality In some cases the trigger levels from the baseline data differ from those in the
a plan to monitor surface water flows and quality in the water courses that ANZECC guidelines, however they are generally consistent with ambient water
could be affected by the project quality data in this catchment.
A monitoring program is outlined in the plan which includes upstream and
downstream sites. The monitoring program tests for water quality indicators
such as EC, pH, solids, major ions, metals and nutrients. This program
appears to be adequate to assess potential impacts on water quality in
surrounding water courses.
2 The planning approval 40(c) requires a ground water management plan The water management plan shows data collected between 2010 and 2014 No further comments
that includes from 8 monitoring bores. Samples were analysed on a monthly to two monthly
Detailed baseline data of groundwater levels, yield and quality in the region | Pasis for a range of parameters including major ions, nutrients and trace
and privately owned groundwater bores including a detailed survey / metals. A result summary is shown and compared to guideline values.
schedule of groundwater dependant ecosystems. Trigger levels based on EC values are included.
Groundwater assessment criteria including trigger levels for investigating An on going monitoring program for samples on a 3-6 monthly basis is
any potentially adverse groundwater impacts included.
No survey of groundwater dependant ecosystems has been sighted.
This program appears to be adequate to assess potential impacts on ground
water quality.
3 The development approval requires an annual review that includes The surface water quality program was carried out as planned in the water Trigger levels and control charts have been added to Appendix E

A comprehensive review of the monitoring results including a comparison
of these results against the relevant statutory requirements, previous years
and predictions in the EA

Identify non compliances
Identify any trends

management plan. The results are detailed in the 2017 report. There are
some exceedances of the trigger levels but these are in line with results from
surrounding water courses.

There were 3 instances of discharge from a sedimentation dam and in one
case the suspended solid result exceeded the trigger level. The result was
similar to those obtained both upstream and downstream in the Namoi river but
this was not discussed in the text.

Groundwater quality was monitored on a three monthly basis. The results
appear consistent with historical values. Results from previous years
monitoring are not included so on going trends cannot be easily assessed.

The 2017 report indicates that there have not been significant impacts on
surrounding water quality during the reporting period.

Presentation of the data in graphical format including historical data would
allow improved comparison with trigger levels and trend analysis.

(groundwater data) but no historical data or current trigger levels
have been provided in A.

See recommendation 1. h above.

Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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Approvals
Position Signature Date
Author, GW: Andrew McCallum, Senior 17/10/18
Hydrogeologist
Author, SW and WQ: John Brayan, Water Quality 19/10/2018

Specialist

Reviewer: Cate Barrett, Lead Hydrogeologist

Attachments

Attachment | Title

A Advice Request

B Figures

Author : Andrew McCallum, 02 8838 7827 Reviewer: Cate Barrett , 02 6363 1424
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Attachment A

File Reference: 27612 in WAMS

Advice Request

Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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Attachment B

File Reference: 27612 in WAMS

Figures

Figure 1: Site location (taken from Annual Review, page 7 )

Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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File Reference: 27612 in WAMS

Figure 2: Groundwater monitoring locations (taken from Annual Review, page  55)

Author : Andrew McCallum, 02 8838 7827

Reviewer: Cate Barrett , 02 6363 1424
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