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EXECUTIVE SUMMARY

This Underground Water Impact Report (UWIR) provides information on the potential decline in water levels in
within the Project Area as a resultakitigeof water during production of coal seam gas (CSG) and production testin
The Project Area comprises Petroleum Leases (PLs) 191, 186d2@a2@Authorities to Prospect (ATPs) 1103,
1031and742
A conceptual hydrogeological modelewelsped as part of th&IRandinclude modelpredictions of potential
depressurisation impacts on groundwater resources as a result of CSGheqmewddtitons for the UWIR were
made usindpelates@1groundwater model.
This2@2BowerJWIR includes:

the quantity of water taken bechtlse exercise of any previous relevant underground water rights;

the quantity of water estimated to be taken because of the exercise of any relevant underground water rigt
the next three years;

an updated description of aquifers potentialty (affenteed by information collected since the publication of
the previous UWIRS) including how the aquifer interacts with other aquifers;

the predicted water level decline as a result of the taking of water and a description of the methods and tecl
used to make the prediction;

information on water bores that may be impacted by a water level decline in excess of the bore trigger thre
a program for conducting an annual review of the pesttictions

the outcome of thpdate to the groundwatedehteveloped to determine impacts from the proposed
development scenarios.

Historical water production fromGRvas6201. MLup tatheendof October 202h the next 3 years an additional
521.9ML is forecast to be producedHeoMGFPLs 191, 19823and 22pandB1.8L fronRed HilCentralPL 486)

The validity of the existing conceptual hydrogeological rexidelatisd itvas concluded that:
data obtained to date is in suppbé existing conceptual hydrogeological model, and

the2@1groundwatemodel is considered to be suitable for predicting depressurisation impacts as a result of C
operations for the Projectsfaggart of this UWIR.
The2®1 groundwateradeldevelopeds part of this UWIR simailaitorical and forecast produddiaveh as
historical production tesfife2@®1groundwater mode$ haen utilised to predict water level decline in aquifers as a
result of the taking of water during fmodid€SG and production testing. This includes identification of Immediatel’
Affected Areas (IAAs; where the predicted drawdown within the next three years exceeds the boaadrigger thresr
the Longerm Affected Areas (LAAs; where the pregliaesvdrexceeds the bore trigger threshold at.any time)
Key findings are:
within PLs 191, 1983,224and 486n IAA exists for the Moranbah Coal Measures associated with
production of CSThere arao useablandholddyores in this IAA.
within ATP%42,1103and1031there are small areas of IAA for the Moranbah Coal daidRsurgal

Coal Measures associati¢hl proposed production testing in these tenures. There are no existing or useable
bores located within these I1AAs.

there are no IAAs in any of the other aquifers (Allcividingnd Tertiary aquifers) modelled within the
project area.

A watemonitoring strategy has been prepared. The strategy proposes the installation and monit@ing of a tota
groundwater monitoring bores. The install&tidnhaflsé groundwater monitoring bores, located on PLs 191, 196, 223
and 224 has been comeplEnd goundwater monitoringbesesn ongoing withinlibheesMonitoring bores gsaat of

the larger Bowen Gas Project have been installed and additipaat bbthe aroject will be added as the project
increases in area.

This report will teviewed annually. The review will consider:
new hydrogeological data that significantly alters the conceptual model,
whether new production testing or production has been undertaken or is planned; and
whether the predictions made have materially changed.
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1 INTRODUCTION
1.1 Preamble

Thisreporforms the 22Bowen UWIR apobvides information on the potential decline in wateatpitdrs
due tdhe taking of water du@gproductioandCSGproductiotestingctivitieg Arrow Bowen Basin tenure
(detailed aboyeysrequired by thgater A¢QId2000

The Registerétbldes of the tenuseovered in this re@rdpresenteih the tablieelow
Tablel: Arrowd s T e nRegigenet lHoJdeletails

Tenure Registered Holder
PL191, PL196, AGL Energy Limited ACN 115 061 375
PL223 and CH4 Pty Ltd ACN 092 501 016
PL224 Arrow CSG (ATP 364) Pty Ltd ACN 092 970 557
PL486 CH4 Pty Ltd
Arrow CSG (ATP364) Pty Ltd
ATP 742 CH4 Ptytd ACN 092 501 016
ATP 1031 Bow CSG Pty Ltd ACN 117156742
ATP 1103 AGL Energy Limited ACN 115 061 375
CH4 Pty Ltd ACN 092 501 016
Arrow CSG (ATP 364) Pty Ltd ACN 092 970 557

1.2 Project Area

Arrow's Bowen Basin tenure is the subject of both production wells (in PLs) and production testing activities (in A
for CSGThe spatial distribution of Arrow's tenure in the Bowen Basin is showndrspangeht area, from

north to south, amal the towns of Glenden, Moranbah, Dysart, Middlemount, Saraji, NamadiihgBShex

Project Area includes:

The Moranbah Gas Project (B#G@)a ( Ar r owd s eocompsiding ALg 19p, 196, R26@ndi o n f
224 andthe following produchietween 2003 an®20
0 approximateby 3production testiagd productiovells distributed over 49,225 hectares,

0 an existing gathering system consisting of appraginkdtehetres pipelineontaining gas
and water gathering lines from the well heads to relevant gas compression and water storage
facilities, and

o 5 approved compressor facilities including the Moranbah Gas Processing Facility (MGPF) and the
Node 1, 2, 3 and 4 compressonstatio

The Bowen Gas Project (B@hR)n which exploration and production testing has been undertaken
compris ofPL 48 TPs 1103, 1031, and 742 and including:
0 exploration and Testwvithin

A ATP11083including 98 wells used for prodgstiimmpetween 2008 an@20
A ATP 742including 3 wells used for productinghiesvee2015%nd 2018

A ATP 103dincluding 6 wells used for prodtestonbetween 2012 and 2015;

0 future proposed developinehiding:

ORGARWENVRER00026
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A Red Hill Centi@L48%- including 31 wells to be used for production PeaRvaeh
203. In the area of PL486, production testing commenced in ATP 1103 prior to PL 486
being granted.

A The remainder of the field development plapr¢E&Rgd in the 9a®owen UWIR
(withilATP1103, ATP42 and ATFO31}o0 includ&408roduction wells between 2030
and 2060

The MGRBNd the BGRreasare collectively referred to as the Projemdsneshown ifrigurel.

ORGARWENVRER00026
Released div Awgust2022” Rev 2
Pagel00f105 energy

go further



ARROW ENERGY - BOWEN BASIN GAS PROJECT

Arrow Energy’s Tenements in the Bowen Basin

e ey : e 3 N o
Dept, Envir. and Resource Mgmt. Sl Bt po0: kS A arroWenergy
Coordinate System: GDA 1994 MGA Zone 55
NOT FOR CONSTRUCTION
Figurel: Arrow Energy's Tenements in the Bowen Basin
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1.3 Requirement for a UWIR

1.3.1 Cumulative Management Areas

Thechief executive of DE8ydeclarea cumulative management area (@M#gds of concentrated CSG
developmeérwherghe impacts on water levels caused by individual petroleunnopradsgeenpoverlap. In
Queenslanthe Surat CMA has been declarezlarea of planned concentrated CSG deveWtthmehe Surat

Basin

Arrow s

0 p/projesin theoBowgen Basirsfailtside of ¢hSuraCMA, andnder théVater AdQIgd 2000

there is eequirmento preparanUWIRThis requirement is addressed by this report.

1.3.2

This UWIR

This report forms the UWIRfod s CSG activities in the Bowen Basin,
wells contained within the bounds of the combined tenure.

The purpose of this report is to a@hapter,3and in particulaB 76 of thé/ater Act (Qld) 2@@tich stipulates
that the UWIR must include:

a) for the area to which the report relates

the quantity of water produced or taken from the area bee@xseaige of any previous relevant
underground water rights; and

an estimate of the quantity of water to be produced or taken because of the exercise of the relevan
underground water rights for a 3 year period starting on the consultatiepatgy for the

b) for each aquifer affected, or likely to be affected, by the exercise of the relevant underground water rights

iv.

V.

adescription of the aquifer; and

an analysis of the movement of underground water to and from the aquifer, including how the aquife
ineracts with other aquifers; and

an analysis of the trends in water level change for the aquifer because of the exercise of the right:
mentioned in paragraph (a)(i); and

amap showing the area of the aquifer where the water level is predicted to decline, because of the takir
of the quantities of water mentioned in paragraph (a), by more than the bore trigger threshold within
years after the consultation day for theaegor

a map showing the area of the aquifer where the water level is predicted to decline, because of the
exercise of relevant underground water rights, by more than the bore trigger threshold at any time;

c) adescription of the methods and techniques used to obtain the information and predictions under paragra

(b);

d) asummary of information about all water bores in the area shown on a map mentioned in paragraph (b)(i

including the number of bores, alodtdtion and authorised use or purpose of each bore;

da) a description of the impacts on environmental values that have occurred, or are likely to occur, because of

previous exercise of underground water rights;

db) an assessment of the likely impaatsironmental values that will occur, or are likely to occur, because of

the exercise of underground water rights

during the period mentioned in paragraph (a)(ii); and
over the projected life of the resource tenure;

e) aprogram far

conducting an annteliew of the accuracy of each map prepared under paragraph (b)(iv) and (v); and

giving the chief executive a summary of the outcome of emciudingstatemenivhether there
has been a material change in the information or predictiorepaseth® maps;

f) awater monitoring strategy;
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g) aspring impact management strategy;

h) if the responsible entity is thedoffice
i. a proposegesponsibkenure holder for each report obligation mentioned in the report; and

ii. for each immediately affearted the proposed responsible tenure holder or holders who must comply
with any make good obligations for water bores within the immediately affected area;

i) other information or matters prescribed under a regulation

1.4 Legislation

The primary legislative requirements for the management and development of Anamvadseated fBasin
activitiearesummarised below.

1.4.1 Petroleum and Gas (Production and Safety) Aca@0@etroleum Act 1923

ThePetroleum and Gas (ProductioBadaty) Act 20(B&G Act, 2004) andRb&oleum Act 1928ulate coal

seam gas activities and also govern groundwater management in relation to CSG development. Under the P&G
the petroleum tenure holder may take or interfere ilvikingieinterference happens during the course of, or

results from, the carrying out of another authorised activity foi tressterights are subject to the tenure holder
complying with the hol(d@medindWatenA{@ldPHA)ound water obl i

1.4.2 Water Act (Qld) 2000

Chapter 3 digWater Act (Qld) 2@@6vides forahmanagement of impacts on underground water caused by the
exercise of underground water rights by petroleum tenuehigsdetsieved primarily by:

providing a regulatory framework to:
0 requirgesourcéenure holders to monitor and assess the impact of the exercise of underground
water rights on water bores and to esnter int
0 require the preparation of UWIRs that establish underground water obligations, including obligation
to monitor and manage impacts on aquifers and springs;
0 manage the cumulative impéche exercisedbr moreesourcé e n u r eundemdowha r s 6
water rights on underground water; and
giving the chief executive and thdwifitens and powers for managing underground water.

If a water bore has an impaired capacity as a result of CSG activities, an agreement will e meguiated with t
of the bore about the following:

thereassf or t he boreds i mpaired capacity.

the measures the holder will take to ensure the bore owner has access to a reasonable quantity and quality
water for the authorised use and purpose of the bore;

anymonetary or namnetary compensation payable to the bore owner for impact on the bore.

If an agreement relating to a water bore,isimasle agr eement i s taken to be a 01

AMUWI R will identifytwhletaheradamwi dil mmediudtelfy oanf fC&S G
area is defined as an area where the predicteda water lewelthin 3 years is at least:

5 m for a consolidated aquifer.
2m for an unconsolidated aquifer.
0.2 m for gpring.

UWIRs are published to enable comments from bore owners within the area. Submissions made by bore owners
be summarised Ayrow addressed as appropriate and provide®ES. tb&VIRs are submitted for approval by
DES. TheOGlAmay also adéDES about the adequacy of these reports.
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TheDES will maintain a database of information collected under monitoring plans carried out by petroleum tenu
holders in accordance with approved UWiiERdatabase will also incorporate bore baseline data collected by
petroleum tenure holders.

ORGARWENVRER00026
Released div August 202Rev 2
Pagel40f105 energy

go further



1.5 Summary d¥lethod

This UWIR builds on information presehted

UWIR for PLs 191, 196, 223 A2 Energ3012);

UWIR for ATP 1188r6w Energ201®);

Bowen Gas Project Environmental Impact Statem&mb(ERS)argl012);

UWIR for ATP 103tr@v Energy2014);

Bowen Gas Project Supplementary Report toftihrevie Energg014); and

UWIR for PL 191, 196, 223, 224 and ATP 644, 831, 742, 1031 and 1103 (Arrow Energy 2016)

UWIR for PL 191, 196, 223, 224 and ATP 644, 831, 742, 108Areowl EhE8Byy 2019)
201720182020 and 2021n n u a | Reviews of the UWI R6s for PL
and 1103

Since the developmenthefprevious UWIRs for PLs 191, 196, 223, 224 a881ATR&1103 and 103the
conceptal understanding of groundwater occurrence and processes in the Project Area hbadegktarupheated
collection and interpretation of the new data from site.

Anassessment of impacts to groundreatehe@forementioned FR&s themndertaken bed on the following
tasks:
Task 1Review and analysis of site specific monitoring and assessment data
Task 2: Hydrogeological assessment and conceptualisation
Task 3: Numerical and Analytical groundwater model development for makingrpretietaias of
impacts
Task 4: Identification of potential impacts on groundwater
Task 5Review of the Water Monitoring Strategy (WMS) and Spring Impact Management Strategy (SIMP)

A summary of the reporting requirements as stipuldéden Aot (QIAPO0for this UWIR and relevant sections of
this report in which they have been adikéssluded Fable2 below.
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Table2: Water Act (QIld) 20B8portingRequirements for this UWIR

UWIR reporting requirement

Report Section

s376
a) For the area to which the report iielates

i.  The quantity of water produced or taken fri
the area because of the exercise of ar
previousrelevant underground water rights
and

Sectior?

ii. An estimate of the quantity of water to |
produced or taken because of the exercise
the relevant underground water rights for &
year period starting on the consultation day
the repu;

Sectior?

b) For each aquifer affected, or likely to be affected, by
exercise of the relevant underground water rights

i. A description of the aquifer; and

Sectior3

ii.  An analysis of the movement of undergroy
water to and from the aquifer, including how
aquifer interacts with other aquifers; and

SectiorB, Sectiob

iii.  An analysis of the trends in water level char
for the aquiféecause of the exercise of the
rights mentioned in paragraph (a)(i); and

Sectiob

iv. A map showing the area of the aquifer whe
the water level is predicted toégelocause
of the taking of the quantities of wate
mentioned in paragraph (a), by more than |
bore trigger threshold within 3 years after {
consultation day for the report; and

Sectior?

v. A map showing the area of the aquifer whe
the water level is predicted to decline, becal
of the exercise of relevant underground wa
rights, by more than the bore trigger thresh
at any time;

Sectior?

c) A description of the methods and techniques use
obtain the information and predictions under parag

(b);

Sectior, Sectior3, Sectio@

d) A summary of information about all water bores in
area shown on a map mentionedagragh (b)(iv),
including the number of bores, and the location
authorised use or purpose of each bore;

Sectior?

da) a description of the impacts on enntedvalees that
have occurred, or are likely to occur, because of
previous exercise of underground water rights;

db) an assessment of the likely impacts on environm
values that will occur, or are likely to occur, becaug
the exercise of undetmd water rights

Section 8

e) A program for

i.  Conducting an annual review of the accurac)
each map prepared under paragraph (b)(
and (v); and

Sectio®
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UWIR reporting requirement Report Section

ii.  Giving the chief executive a summary of { Sectios, Sectioid
outcome of each review, incladitagement
of whether there has been a material changs
the information or predictions used to prepi

the mag;
f) A water monitoring strategy; Sectiord
g) A spring impact management strategy; Not applicablettwe Project Arg@efer to Secti®n
h) If the responsible entity isfines Not applicablethe Project Area

i. A proposed responsible tenure holder for e¢
report obligation mentioned in the report; an

ii. For eachnmediately affected éﬂAA) the Not app“cauethe Project Area
proposed responsible tenure holder or hold
who must comply with any make goc
obligations for water bores witHivAhe

i) Other information or matters prescribed undell Nomatters identified
reguladin.

s378 Sectior
1(a) Water Monitoring Strategy

i. Strategy for monitoring the quantity of wal
producedhe quantity of water produced o
taken from tle@ea because of the exercise o]
relevantnderground water rights; and

i.  changes in the water level of, and the quality
water in, aquifers in the area because of t
exercise of the rights;

b) The ationale for the strategy

c) A imetable for implementing the strategy

d) A pogram for reporting the office abotie
implementation of the strategy

2 Strategy must include:

a) The parameters to be measaret

b) Thedcations for taking the measureraadts

c) Theffequency of the measurements

3 A program for a baseline assessment for each bore that is

a) Outside tharea of a resource tenbte

b) within the area shown on the map prepared under si
376(b)(v
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2 EXISTING AND FORETCMATERRODUCTION

Historical water productiongiate the last UWA&s been compiledtif@production apadoduction testiwells
to provide an indication of the quantity of watendaltw for compariagainst the modelled historical and
forecastolumesorthe FPoject Area

The volumes of water prodfroeathe wellsvere measured usimpgogressiveavity pumps (PCPs) in the gas
production and production testing (appraisal) wells. These pumps work by rotating an eccentric screw which pus
theinflowingvateiin the wellpwardsConsequentiphepumpingate(expressed as a volume/ispeppdional

(based on antotherbté of tatiomat the penabere is A dirgct correlation bedwgiean

number of revolutions per minuteagrdra)corresponding pumpingAitev test isndertaken to calculate the

volume of wer produced from the PCPthegump rate and time for a known volume of water to be pumped is
used to calculdtehefficiedicy facforhis is applied to a record of the pumps operating rpm to calculate the volume
of water pumpeHow testareundertaken regularly to maintain the accuracy of the flow lcadalddioon.the

total volume of water pumped into the dam cottstroictdige pilot test water is used as a check on this calculation.

Forecastof water productware collatddr theProjecArea Productiodataare providddreach tenure in the
following sections

2.1 Existing Water Production Sumn@akGP Area

Thetotal volume of water taken from each PL for the period AanB@ctobeP®@1(hereafter referred

to as the OUWI R reporting period) in theTabd&P Area
along with histcal water production rates. It should be noted that whilst PLs 191, 196, 223 and 224 make up the MG
production has only been undertaken in PLs 191, 196a@tridc2ding production testing)

Table3: HistoricaWaterProdiction andProductionTestingData

Production 2003 Production 2014 Production Testing Production Testing
-2018 -2021 2003 2018 2019 2021
Tenure Formation
Volume (ML) Volume (ML) Volume (ML) Volume (ML)
GM Seam 2367.5 213.0 0 0
P Seam 1577.1 76.2 0 0
Q Seam 28.5 57.5 2.7 0
PL191 Moranbah Coal Measures
(GM, P, GML, Q Seams) 234.5 15.9 34.7 0
Fort Cooper Coal Measureg
and Moranbah Coal Measur 0.0 0 29 0
GM Seam 190.2 56.2 0 0
PL196 P Seam 141.4 39.9 0 0
Moranbah Cddkasures
(GM, P, GML, Q Seams) 480.9 65.6 0 0
FG1 Seam 0.0 0 2.8 0
PL223
Rangal Coal Measures 0.0 0 0.4 0
GM Seam 112.3 16.8 0
P Seam 21.9 2.9 0 0
PL224
Moranbah Coal Measures
(GM, P, GML, Q Seams) 110.8 19.9 0 0
TOTAL 52651 563.9 69.6 0.0
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As indicated Trable8, the water production in the UWIR reporting period totalled 563.9 ML from production and 0 ML
production testing. Thiedsthan the previously (in 260 UWIR) forecast production for the period 201@®fo 2018
634 ML.

The water production data has been plBitgatdhto illustrate the proportion of water extracted historically from
the petroleum leases that make up theAM&fown iRigure2, t he water production vo
steadily decreased over the reporting period.

MGP Production Volumes (ML)

3000

2605.5

2500

2000

Volumes in ML
-
w
(=]
o

1000

500 3835

337.2
2116 263.7
104.7 97.8

PL191 PL196 PL224

0

= Production 2003-2011 B Production 2012-2015 Production 2016 - 2018 B Production 2019 - 2021

Figure2: Water produced from production wells on PL191, PL196 and PL224

2.2 ForecasWateProductiod MGPArea

The methodology for forewpsater production for the MGP is based on a Decline Curve An8IZAsUERSA).

historical productimomexisting welts produce a type curve used to forecagir@dhtetion in proposed wells.
DCAinvolves matching the profile of water production with an empirical set of equations. These equations predict
longtermbehaviour of the well. They are widely usedahdbam gasdustry as wells of all types tiee follow

these trends. This has proven a reliable method in both gas and water productionppogelittéoagivehe

the nature of the production trend. The accuracy of the prediction is subject to uncertainties in the measurement
reportig of the historical water rates

A forecast of the quantity of wabeproduced ftihe nexb yeas up to 2026as beepreparetorthe MGRPL191,
PL196 and PL2eld development of PLs 191, 196 and 22goémg and any updates to the forecast production will
be incorporated into future annual review reporting.

The MGMateproduction forecast for the nexts U8R reporting intem@thmencing 01/2®2totalss21.9ML
and thevateproduction forecast fro2R&f) 208 totals8245 MLThe MGP is forecast to remain operatioeatuntil
200 No future production testaggbeen earmarked for the MGP.

Tabled: Forecast water production dadathe MGP

Year Total Forecast Water
production (ML)
2022 181.1
2023 179.3
2024 161.5
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Year Total Fore_cast Water
production (ML)

2025 154.0

2026 148.6

Total 824.5

2.3 Existing WatdProductiorSummary) BGPArea

Historical wateroduction ddiar the productitastingvellson ATP 742, 1031 and 1i&@8immarised Trables
toTabler. The production testing cumulative vafiwat=over the peritotas approximateB05.528L of water.

231 PL486

Nowater production was recorded in PL486. Production testing commenced in ATP 1103 prior to PL 486 being ¢
from wells RHO98A, RHO99A and RH100A. That production testing does not form part of the RHC development. T
production from the RHCldprent has not commenced.

232 ATP 742

Wateproduction testidgtais presented Trables. No production testing has been carrgdoeu8l Dec 2017
Tables: Summary of Production Testing in ATP 742

Total days | Average Cumulative
Well Name | Date Start| Date End| of water Flow Target Formation
- Flow (ML)
production kL/day
CEO10V 09Aprl5 | 31Decl? 457 7.428 1.103 Moranbaoal Measures
Newlands 10| 15Junl5 | 31Deel? 599 8.318 1.583 Moranbah Coal Measurg
Byerwen 3 | 09Febl5 | 21-Decl6 616 0.766 0.206 Moranbah Coal Measurg
Total (ML) 2.892

233 ATP 1031

Water production testing data is presenaddiein Production testing was carried out in the current UWIR reporting
period at PY011A and RXDdth a volume of 0.47 ML.

Table6: Summary of Production Testing in AU®1L

Total days | Average Cumulative
Well Name| Date Start| Date End of water Flow Target Formation
- Flow (ML)
production | kL/day
PY031 29Jut13 25Sepl4d 27 3.700 1.390 Rangal Coal Measures
VMO10V | O07Nowl3 02Nov14 354 30.830 7.830 Rangal Coal Measures
VMO011V | 07Nowvl3 14Novl14 365 15.480 5.650 Rangal Coal Measures
PY030 20Decl12 06Decl4 38 1.030 0.550 Rangal Coal Measures
PYO012A 11-Sep20 16Feb21 42 .0067 0.279 Rangal Coal Measures
PYO11A 10Sep20 16Feb21 32 .0061 0.195 Rangal Coal Measures
Cumulative Total (ML) 15894

234 ATP 1103

Thereview of production testing undertaken on A3Burhiftarised beiowable7 and includexctual production
testingyolumes up tosTecembe2@1
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Table7: Summary of Productidiesting in ATP 1103

Bore Name| Date Start| Date End Avekrf\/?jea)llzlow (I::lljgwl(a’\;i\l_/;e Target Formation
HY001 29Nov08 23Apr09 1.801 0.243 Rangal Coal Measures
MBO5V 12Nov08 10Jut09 0.438 0.122 Moranbah Coal Measur
MB04V 12Nov08 26:Aug09 0.148 0.0411 Moranbah Coal Measur
MBO06 12Nov08 26:Aug09 0.245 0.068 Moranbah Coal Measur
MBO7V 12Nov08 27-Aug09 0.118 0.032 Moranbah Coal Measur
MBO3V 12Nov08 27-Aug09 0.213 0.059 Moranbah Coal Measur
HYO1 23Apr09 28Aug09 1.906 0.244 Rangal Coal Measures
HY02 18Nov08 28Aug09 0.498 0.136 Rangal Coal Measureg
SRJ001 29Jun09 3-Marl0 23.183 6.653 Moranbah Coal Measur
SRJ002 29Jun09 4-Marl0 20.525 5.911 Moranbah Coal Measur
SRJ003 29Jun09 4-Marl0 45.644 12.186 Moranbah Coal Measur

RHGUO020| 26Aug09 24Aprl0 3.669 0.88 Moranbah Coal Measur

RHGUO019| 26Aug09 19Jut10 2.073 0.665 Moranbah Coal Measur
LWO006 3-Aug09 6-Auglo 23.68 4973 Moranbah Coal Measur
LWO007 3-Aug09 14Augl0 32.96 8.337 Moranbah Coal Measur
LWO005 3-Aug09 15Augl0 24.65 6.77 Moranbah Coal Measur
COX10 4-Nov09 4-0ctl0 16.223 3.342 Rangal Coal Measureg

RHGUO001| 12Nov08 8-Octl10 7.19 5.529 Moranbah Coal Measur

RHGUO002| 14Dec08 1-Nov10 20.363 15.008 Moranbah Coal Measur

RH014GL1| 29Dec08 3Novl10 4.297 3.081 Moranbah Coal Measur

COX016 | 19Mayl0 25Janll 7.467 1.067 Rangal Coal Measures

RHO13GL1] 19Mar09 30Janll 0.834 0.566 Moranbah Coal Measur
WWO019 22Dec09 31Janll 1.79 0.816 Moranbah Coal Measur
WW020 19Dec09 31Janll 3.522 1.641 Moranbah Coal Measur

WW023 24Augl0 31 Janll 3.052 0.656 Fort Cooper Coal Measu
SCO006LC | 28Sep09 31Janll 3.034 1.541 Rangal Coal Measures
RHGMO008| 11-Nov08 1-Febll 4.182 3.358 Moranbah Coal Measur
RHGMO009| 11-Nov08 1-Febll 2.165 1.791 Moranbah Coal Measur
SCO007LC | 30Sep09 9Febll 1.654 0.889 Rangal Coal Measures
SC008LC | 28Sep09 24Marll 2.461 1.299 Rangal Coal Measures

RHGUO003| 11-Nov08 24Febll 5.248 4.009 Moranbah Coal Measur

RHO15GL1| 29Dec08 24Marll 4.877 3.823 Moranbah Coal Measur
KC008 3Jutl0 24Marll 4.792 1.509 Rangal Coal Measureg
KC009 2-Jutl0 24Marll 0.528 0.134 Rangal Coal Measures

WWO018 12Dec09 31:Marll 16.262 7.659 Moranbah Coal Measur

Wwo021 28Augl0 24Aprll 12.875 2.678 Fort Cooper Coal Measu

COX11 4-Nov09 24Mayll 7.051 3.032 Rangal Coal Measures

SRJ020 10May10 24Mayll 1.562 0.834 Moranbah Cadeasures
COX018 21-Aprl0 24Mayll 10.427 3.659 Rangal Coal Measureg

RHGMO007| 11Nowv08 2-Junll 2.987 2.643 Moranbah Coal Measur
SRJ021 25May10 12Junll 2.434 1.273 Moranbah Coal Measur

RH023GL | 9-Aprl0 4-Augll 4.503 2.075 Moranbah Caddeasures

RHO027GU| 18Aprl0 11-Augll 5.788 3.131 Moranbah Coal Measur
SRJ019 10Mayl10 6-Sepll 1.155 0.63 Moranbah Coal Measur

RHO022GL | 9-Aprl0 16Sepll 5.943 3.411 Moranbah Coal Measur
RH024GL| 9-Aprl0 16Sepll 1.709 0.977 Moranbah Cadeasures
RH025GU| 10Aprl0 3-Octll 4.928 2.651 Moranbah Coal Measur
RHGM35 1-Sepll 15Nowvll 4.191 0.318 Moranbah Coal Measur
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Bore Name| Date Start| Date End AV(T(T/%Z;IOW CI::lIJon\]/\t”(?/tli\L/;e Target Formation
RHGMO035| 140ct09 24Janl2 6.297 5.219 Moranbah Coal Measur
COX019 10Junl0 23Junl2 4.922 2.912 Rangal CoMeasures
COX020 9-Junl0 30Junl2 5.209 3.089 Rangal Coal Measureg
COX021 10Junl0 23Junl2 5.364 3.261 Rangal Coal Measures
RHO14 27-Aprl2 11-Sepl2 6.378 0.739 Moranbah Coal Measur
RHO26GU| 18Aprl0 20Dec12 5.422 5.29 Moranbah Cadeasures
WWO15F | 19Aprl2 16Feb13 4.517 1.151 Fort Cooper Coal Measu
PD141Vv 16Febl3 15Marl3 2.928 0.079 Moranbah Coal Measur
WWO16F | 19Aprl2 15Aprl3 2.721 0.821 Fort Cooper Coal Measu
RHO31F 290ct11 16Aprl3 5.693 1.837 FortCooper Coal Measu
RHO33F 1-Novll 16Aprl3 2.461 0.936 Fort Cooper Coal Measu
RHO28F 17Novl1l 21-Aprl3 6.152 1.925 Moranbah Coal Measur
RHO30F 16Novll 25Mayl13 1.896 0.544 Moranbah Coal Measur
CX014V 24Jui13 11-Nov13 3.934 0.436 Rangal Coal Measures
RHO80A 4-Jui13 8-Janl4 1.062 0.118 Moranbah Coal Measur
CX013V 24Jutl3 31Marl4d 6.426 1.088 Rangal Coal Measureg
NPO41V 6-Decl3 29Junl4 3.947 0.572 Moranbah Coal Measur
ODO011F 5-Augl3 8Jutlg 2.896 0.988 RangaCoal Measures
ODO012F 5Augl3 8Jutlg 1.175 0.41 Rangal Coal Measures
PD131V 8-Jutl3 12Jub14 5.528 1.631 Moranbah Coal Measur
ODO021F 18Marl3 11-Augl4 0.849 0.487 Rangal Coal Measures
ODO022F 16Marl3 11-Augl4 0.964 0.57 Rangal CoMeasures
EF032V 17-Augl3 30Augl4 3.161 1.161 Rangal Coal Measures
WBO010LCV 31-Mayl3 25Sepl4 9.359 4.442 Rangal Coal Measures
EF031V 15Sepl3 150ct14 16.387 6.536 Rangal Coal Measures
PDO091V 1-Junl3 3Novl4 13.852 7.039 Moranbah Cddkasures
WBO011LCV 30Mayl3 26Nov14 1.007 0.543 Rangal Coal Measures
PD100V 10Junl4 31Decl6 10.812 3.836 Moranbah Coal Measur
PD130V 8-Jutl3 11Febl5 13.072 6.575 Moranbah Coal Measur
PD140V 15Feb13 19Febl5 5.386 3.899 Moranbah Cddkasures
NPO40A 6-Decl3 15Junl5 5.506 1.53 Moranbah Coal Measur
PD111V 11-Junl4 31Decl? 17.246 5.201 Moranbah Coal Measur
CX101 7-Novl3 18Augl5 4.944 2.536 Rangal Coal Measures
MDO040V | 29Sepl3 23Augl5 9.502 5.178 Rangal CoMeasures
MDO041V | 30Sepl3 17Sepl5 11.379 6.463 Rangal Coal Measures
EF061V 15Aprl4 31Decl6 0.941 0.377 Rangal Coal Measures
PD122Vv 22Junl3 31Decl6 36.426 11.124 Moranbah Coal Measur
CX100 4-Novl13 310ctl5 6.352 2.648 Rangal CoMeasures
EFO60V 4-Mayld 31Decl6 3.575 1.501 Rangal Coal Measures
PD120V 22Junl3 31Decl6 22.853 10.173 Moranbah Coal Measur
RHO51F 10Sepl3 12Sepl8 12.922 2.293 Moranbah Coal Measur
CX090V 21Jutl4 31Decl6 16.084 6.046 Rangal CoMeasures
CX091V | 15Mayl4d 31Decl6 11.005 2.232 Rangal Coal Measureg
PD101V 22Junl4 31Decl6 4.374 1.786 Moranbah Coal Measur
PD110V 9Junld 31Decl? 17.947 6.119 Moranbah Coal Measur
RHO50F 10Sepl3 31Decl? 15.777 1.980 Moranbah Cadeasures
RHO52F 10Sepl3 31Decl? 12.253 2.134 Moranbah Coal Measur
RH100A | 28Mayl8 Ongoing 2.90 3.78 Moranbah Coal Measur
RHO98A | 28Mayl8 Ongoing 6.18 8.034 Moranbah Coal Measur
RHO099A | 28Mayl8 Ongoing 0.887 1.154 Moranbah Cadeasures
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Bore Name| Date Start| Date End AVTS%Z;/:IOW C;TOTCJI(?;“L/;% Target Formation
RHO60F 01-Janl8 27Mayl18 0.190 0.019 Moranbah Coal Measur
RHO61F 20Nowv15 31Decl? 6.640 0.939 Moranbah Coal Measur
RHO62F 20Nowv15 27Mayl18 5.291 0.601 Moranbah Coal Measur
PDO032F 01-Aprl5 31Decl? 5.040 0.974 Moranbah Cddeasures
PDO33F 01-Aprl5 31Decl? 11.030 1.540 Moranbah Coal Measur
PD034F 01-Aprl5 31-Decl? 7.286 0.362 Moranbah Coal Measur

Cumulative Total (ML) 287.208

*Numberbave beeupdatedo reflect the latest data

2.4 Forecast Appraisal ProgramBGPArea

No new production testing has been planned

The extent of impact for production testing has been assessed based on both the performance of historical produc
and simulation of historical production testing.

The production test with the greatest water pnashactied was from the production testing welleak thewns
arealeported as the Peak Downs IAA #ned0d8 Annual Revievhich reported a totabaML water production

between 2013 ar®ll3 The simulatiob016 UW)Rndicated the 5 m drawdown contour extendedrufsdam Xhis
production tegtctual water production from each production testing well in the annual review data capture period \
compared to the Peak Downs IAK sittual water production in the production testing well in the annual review da
capture period is equal to or less than the Peak Downs IAA site, then it will be assumed that any resultant IAA v
equal to or less than the Peak Downs |AfAngiter production in the production testing well in the annual review data
capture period is greater than the Peak Downs IAA site, then a ravielnaafdiveri contour will be undertaken to
identify any existing or abandoned but useable lantdraddeplydores that may be at risk of impact.

The impact of any future water production as part of production testing will be reviewed as part dhthe annual r
accordance with this methodology

2.5 Forecast Water ProductioRGP

Arrpwéposed BGP involves a phased ex ptxomprisesrupdate Ar r c
of developmemtiansin the samgenerahreas (i.e. within tenements ATP742, ATP1103, and ffarR 1084

presented in the SupplementarytReploe Environmental Impact Statement. (HiREp&)ject, as described in the

2016 Bowen UWIR, included development in 3 phases (1, 2 and 3). The groundwater modelling undertaken for 1
Bowen UWIR simulated phase 1, 2 and 3 of the BGR i@t asder production of 116 GL) occurring over 30 years
commencing 2019 (and continuing to 2049). This production has been re\22Rbareh tb\2R is based on an
updated FDP as follows:

Red Hill CentralL4l86) commencing20

the remaindertbk field developmelain FDP) arepresented in tB816 Bowen UWKITP1103, ATP742
and ATP1031) commencing 2030

A forecast of the quantity of water to be produced against respective project timelines for the BGP FDP has been
and discussedloe:

Red Hill Central lies within the footprint of BGP developmeiaticeated approximately 30 km north of the
township of Moranbah, and borders the MGP area to the south. Water production from Red Hill Central is c
forecast to occur fror@220 208, with a total 88.7ML of water to be produced.
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productiorrdm the remainder of the FDP area, tentatively planned from 2030 to 2060,3%ilvegaprise 1,
and total water producti@1 &/GL.

Table8: FDP Comparison

Number of Water production Timing
FDP
wells
Total (GL)| Peak(GL) Start End
SREIS BGP FDP 4000 153 10.4 2019 2049
Red Hill Central 31 089 0.16 2022 2026
BGP FDF Remainder of the FDP 1377 81.37 3.80 2030 2060
Total 1408 82.5 3.96 2022 2060
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3 EXISTINGONCEPTUAL MODEL

The conceptuaydrogeological model was described in the previous UWIRs for PLs 191, 196, 223, 224 (Arrow EI
2012a), ATPs 1103 (Arrow Energy,, A0BAbjArrow Energy, 204dd)the 2018hd 2018owerJWIR This was

based predominantly on a desktop reviallabfeagroundwater related data including data from neighbouring coal mines
hydrogeological reports and records obtaineddefanbdeDNRE

Additionallan EIS (Arrow Energy, 208REIS (Arrow Energy 2044 GMMP (Arrow Energy 204r@) prepared

for the BGP. The geological and hydrogeological setting of thevireopstchitessd in detail in the Bowen Gas Project
EIS and SREIS groundwater chapigr;n the Environmental Setting in the @MMMRary of the conceptual
hydrogeological mo&e&red), including geology and aqusfersvideiah the following sections

3.1 Geological Summary

The Bwen Basin covers an area of approximately 260 200 &mansver 600 km from Collinsville in the north to
Rolleston in the south. It contains a sedimentary sequendaiatBieratastics, which attaiaxdmum thickness of
9,000 m in the depdoenf the Taroom Trough

Deposition in the Bowen Basin commenced during an Early Permian extensional phase, with fluvial and lacustrine s
and volcanics being deposited in a seriegrableald in the east while in the west a thick sucoesdsoanaf nen

marine clastics were deposited. Following rifting there was a thermal subsidence (sag) phase extending from the
Late Permian, during which a-wakéntransgression allowed deposition of deltaic and shallow marine, predominan
clastic sediments as well as extensive coal measures. Foreland loading of the basin spread from east to west dt
Late Permian, resulting in accelerated subsidence, which allowed the deposition of very thick successions of Late
marine and flal/clastics, again with coal and Early to Middle Triassic fluvial and lacustrine clastics. Sedimentation
basin was terminated by the Middle to Late Triassic (Geoscience Australia 2008).

The surface degy mapped across the PrajeatidiiverseRigured). Approximately half of the Project area is

covered by Late Tertiary and Quaternary unconsolidated sediments. This e\ssandRidesadhuvial

sediments, with thicknesses of 10 to 50 m along the Isaac River. The characteristics of the superficial Quaternary
reflect the nature of the source rocks, weathering, transport, and depositional conditiony, Bittpdgarsdided cla

gravel represent floodplain alluvium: locally mottled, poorly consolidated sand, silt, clay and minor gravel, generall
dissected by hiltvel alluvial deposits reflect present stream valleys.

The Tertiary sediment cover includesléyigh laterite, a result of the laterisation of Permian units during the Tertiary
period. In addition, Tertiary aged infill includes palaeochannel deposits and basalt flows provide surficial cover ac
Project area. The major Tertiary formajoped in the Project area include the Duaringa and Suttor formations.

Outcrops of consolidated formations are confined mainly to the northern portion of the Project area. The cons
formations represented in surface outcrops include: thmidatBl&ekwater Group (Fort Cooper Coal Measures,
Moranbah Coal Measures and Rangal Coal Measures) in the northernraasteandaditim of the Project area;

the miel'riassic Moolayember Formation and Clematis Sandstonederttralmothiari the Project area, and the

Early Triassic Rewan Group can beérfthendorthern portion of the Project area.

The stratigraphy of the Bowen Basin is sumniaided] irhe Late Permian Blackwater Group comprises (from oldest
to youngest) the Moranbah Coal Mg4Gidithe Fort Cooper Coal Meafa@SM)and the Rangal Coal Measures
(RCM)
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Table9: Regionabtratigraphy Bowen Basin

Period Stratigraphic Unit Description
g Alluvium
% Alluvium, colluvium and other sediment{ Clay, silts, sand, gravel, floodplain alluvium
8’ floodplains, alluvial fans, and high terrag
Clay, silt, sand, gravel, colluvium, fluvial and lacustri
Suttor Formation deposits including crosdded quartz sandstone,
conglomerate, claystone
> Olivine rich weathered basaltic sands, weathered b3
8 Basalt
= fresh basalt flows
G
Duarinaa Eormation Mudstone, sandstone, conglomerate, siltstone, oil sk
9 lignite and basalt
. Mudstone, lithic sandstone, interbedded siltstone, m
Moolayember Formation )
sandstone and thin coal seams.
(o
=]
o
Q2 G}
[%)]
0 © .
& s Clematis Sandstone Crosdqedded guartz sandstone, some quartz conglo
= g and minor rdgtown mudstone.
=
Rewan Eormation Green lithic sandstone, pebble conglomerate, red ar
mudstone
Rangal Coal Measures Coal seamsarbonaceous shale and mudstone, tuff, g
and mudstone
%‘ Burngrove Coal, brown and green sandstone, conglo
5 | Fort Coopé Formation carbonaceous shale, tuff
o o Coal Labile sandstone, quartzose suldahilistone, siltstor
< g Measures| Fairhill Formatio| mudstone, calcareous and tuffaceous sandstone,
= 5 conglomerate, carbonaceous mudstone, coal
S T , . .
= [9) MacMillan Quartzose to sublabile, locally argillaceous sa
8 Mocranlbah Formation | siltstone, mudstonatbonaceous mudstone and coal
oa
Measures| ©German (;reek
Formation
=
S
= Quart to lithi dst iltst b
o uartzose to lithic sandstone, siltstone, carbonaceo
> Back Creek Group minor coal and sandy coquinite
@
w
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Figure3: Surface Geology of the Bowen Basin
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3.1.1 Target Geological Formations

The principal targéthirthe Projedireahas traditionally been the MBibuction testing has also targeted
RCM Testing adhe FCCM has simovet coal thicknessesazl ofip to 50 metres®me withighmethaneontent.

3111 Moranbah Coal Measure Targets

The MCM form part of the Late Permian AGroup | 110
Bowen Basin. The MCM consist of coals, sandstones, siltstones and mudstones and average from 250 m to 300
thickness. They are characterised by several laterally persistent, relatively thick coal seams interspersed with se
thin minor seams. Phedominant target seams in order of importance are the GM, P andTp&2ygeeahs

thicknesses of these seams are

the Q seam is split into three main plies, the QAL (3.5 m thick), QA2 (3 m thick), and QB (1.75 m thick).

the P seam is the satamost targeted source of coal seam methane Wi@hAtba The P seam
consists of 3 plies, the GR (3 m thick), PL1 (1.5 m thick), PL2 (0.5 m thick) and averages about 5 m in tota
thickness.

the GM seam is thiimary target seam withinrtje¢®vea. The seam averages 5 m in thickness but thins
towards the southeast as a result of seam splitting.

the Goonyella Middle Lower (GML) seam also forms part of the MCM and in relatively small local pockets,
seam can reach thicknesses of umto 6.5

3112 Fort Cooper CangeMeasure

The FCCM conformably overlies the MCM and are approximately 400 m thick. Along with the coal seams, sedim
of the FCCM incluglteen lithic sandstone, conglomerate, mudstone, carbonaceous, shale, coalpand thin bed
greyish white cherty tuff containing abundant leaf impressions (Jehker;@G@68are characteriseqh by

seven formationsi (60m thick) rich in carbonaceous mud and thin coalrskémdistinctive tuff belisese

formations arg¢erbedded with 10 m to 30 m thick siltstone and sandstone sequerieesabidet seam of

the FCCM is the Girrah Seam. This seam marks the roof ofBhen§@€d/Formatiandl is one of the few

identifiable horizons. The seam is approximately 30 m in thickness with numerand atoobkndslioactive

tuff band

3113 Rangal Coal Measure Targets

The final phase of coal deposition in the Bowen Basin in the LrasuPednmahe formation of Group IV coals.

These inclug&om north to soulie Rangal Coal Measures, Baralaba Coal Measures and the Bandanna Formation.
The coals in this group are the most diverse in terms of quality, and also the rnotdwddtindiséribasin.

Group IV coals were deposited under fluviatile, lacustrine and paludal conditiorZ0(dattan¢cangdrise
sandstonegalcareous sandstooa;bonaceowshale, mudstone, caalcanalastics (tuffyndconcretionary

limestone

Figured toFigurer provide schematic cresstions through each of the Arrow tenure (Petroleum Leases 191, 196,
223, 224 and, ATP 742, 1031 And 1103), presented as 5 southwest to northeast ofremtctiesl isextiens

most tenure to the southernmost. Each cross section was generated from the Arrow geologicaMmodel using Petr
The model has been prepared from the latest geological information (incorporating the most recent gas well explor
andtesting drilling information, mine drilling and water user data).
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3.2 Conceptual Hydrogeological Model

Thehydrostratigraphy of the Bowen Basin is summarised in the following table.

TablelQ Hydrostratigraphy of the Bowen Basin

Typical
Age Stratigraphic Unit Lithology thickness Aquifer Type
(m)
Quaternary Alluvium Clay, sﬂtsand, grgvel, 1535 Unconflngd (resour
floodplain alluvium aquifer)
Clay, silt, sand, gravel, colluy
fluvial and lacustrine depos
Suttor Formation including crosedded quartz 0120 Aquitard
sandstone, conglomerate,
claystone
Tertiary Olivingichweathered basalt Unconfined (resour
Basalt remnants, moderately weath 080 aquifer); fractured
and fresh basalts rock aquifer
Mudstone, sandstone,
Duaringa Formatior conglomerate, siltstone, oil s 050 Aquitard
lignite and basalt
Moolavember Mudstone, lithic sandstong
yer interbedded siltstone, mudsty ~ 0-200 Confining urRiGAB
Formation .
sandstonand thin coal seam
Crosshedded quartz sandsto
Triassic Clematis Sandstong some quartz conglomerate, n 0-300 Confined GAB aqui
reddish brown mudstone
Green lithic sandstone, peb Confining unit
Rewan Formation conglomerate, red and greq 206800
mudstone, siltstone
Ranaal Coal Measurl Coal seamsarbonaceous shg Confined aquifer
g ; and mudstone, tuff, siltstone| 25200 (coal) and confinin
(RCM) and equivalel o
mudstone unit (interburden)
Coal, brown and green Confined aquifer
_ Fort Cooper Coal sandstone, conglomerate) (coal) and confinin
Late Permiaj Measures (FCCM) a carbonaceous shale, tuff| 106600 unit (interburden)
equivalents
Moranbah Coal Coal, sandstone, siltstone Confined aquifer
Measures (MCM) mudstone, carbonaceous| 106700 (coal) and confinin
mudstone unit (interburden)
Middle Sandstone, siltstone,
. Back Creek Group carbonaceous shale, minor ¢ 4061200 Confining unit
Permian L
and sandy coquinite

The cross sectiong-igured to Figure? show the key aquifer layers present at each section location, namely, the
coal aquifers. The interburden aquitards and shallower Triassic and Tertiary hydrological units are also presented.

The occurrence and continuity of the above mentioned aquifers is highly dependent on the spatial distribution of
corresponding geolabimits.

The conceptual representation of the hydrogeology and hydrogeological processes as assessed in the EIS (Arrowv
2012c) is showrHigures.

ORGARWENVRER00026
Released div August 202Rev 2

Page310f105 energy

go further



West East

Rainfall

| v v v v v v v v v v v v v v v v v v v J

Tertiary Basaltand Alluvium/Colluvium Moolayember Fm River Alluvium Quaternary Surficial Deposits
Sediment

Coal Seam
/\ Sub crops

the Coal Measures

Rewan Formation

RCM

Blackwater Group —<

Back Creek Group

NOT TO SCALE

RCM Rangal Coal Measures —!— — Potentiometric surface (not to scale)
[P LT ——

FCCM Fort Cooper Coal Measures - Water table (not to scale)

MCM Moranbah Coal Measures S— Coal seam (not to scale)

ET Evapotranspiration ——— Direction of groundwater flow

f Fault

Figure8: Conceptual Hydrogeological Model (Arrow Energy, 2012c)

A summary of the existing understanding of the hydrogeologealosettipimialised-igures is provided in the
following sections.

3.21 Quaternary Alluvium Aquifers

Quaternary alluvium aquifers (alluvium afguifettle shallow most aquifers in the ProjeidAaee generally
associated with creek and river sysidmsalluvium aquifgrgcally occupy an area within the river valley which is
generally abde®0 m wideDue to the seqnid climate, the ephemeral nature of the stream flow, and discontinuity of the
more permeable gravel and sand layers, the groundwater resources in the Quaternary alluvium in the Project Are
abundant and groundwatgramturs in isolated areas.

Key aquifer characteristics are:

groundwatédevels fluctuate betwéémlOmeters below ground level (mbgl);
may not be fully saturated alj year

are of variable permeability being characterised by relgiemhedahility river bed sands and relatively low
permeability river bank sediments

recharge mainly through direct infiltration of rainfall, overland flow and surface water flow

discharge is generally through evapotranspiration from uggetdt@mnand recharge to underlying older
formations

groundwatewglityis highly variable ranging ifraickish to saline

groundwatarse is erratic, and no significant extraction areas are recognised from the alluvium aquifers ir
Project Area

3.2.2 Tertiary Sediment Aquifers

The undifferentiated Tertiary sediments and Suttor Formation occurs extensively throughout the northern portic
Bowen Basin, although outcrops are not continuous, and much of the Tertiary sequence is cormealgthy younge
Quaternary alluvium and colluvium. The Tertiary sediments generally consist of lenses of palaeochannel gravels a
separated by sandy silts, sandy clays and clays. Potential for groundwater exists within the more pernheable sand a
sections of the Tertiary sediments.
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Key aquifer characteristics are:

the averaggroundwatégvelaround2mbgl;

lenses of saturated sand and gravel are limited in extanattdbsegpandy silts and clays;

highly variable permeability and porosity and limited in lateral and vertical extent

recharge mainly through direct infiltration of rainfall, ovémlandcfiow areasdvertical seepage from
overlying Quaternary allyvium

discharge is generally through evapitation from vegetation, infiltration and recharge to underlying older
formations

groundwater qualitglessed as fresh to brackish

groundwater usesjgarseand no significant extraction areas are recogniseddroamtisedimeamuifers

inthe Project Area

3.2.3 Tertiary Basalt Aquifers

The spatial distribution of the Tertiary basalt is sporadic within the Bowen Basin. The largest mass occurs to the
Dysart with several other masses occurring near Moranbah, west of Nebo anddienloeastBEltce .B, Hansen

J, 2006a). Groundwater is principally stored and transmitted in the fractures, joints and other discactnuities withir
mass.

Key aquifer characteristics are:

groundwatéevels range betwd&no 3 mbgl;

vesicular basalt acts as localised, discontinuous aquifers

permeability and porosity is highly variable depending on degree of weathering and interconnectedness of
and/or fracturing

recharge mainly through direct infiltration of rainfall flovedad surface waterifiowck outcrop areas

where no substantial clay barriers exist in the shallow subsurface and vertical seepage from overlying aqui
discharge is gener#tisough flow into adjacenhderlying older formatiomtsevapEnspiration

groundwateglityis variable ranging flimarckish tealine;

considered unlikely to represent a significant groundwater supply given the isolated and sporadic occurre
groundwater and highly variable permealkjlitysityl

3.24 Triassic Aquifers

The Triassigquiferefers tahe Clematis Sandstoiiée Moolayember Formation is a recognised aquitard generally
overlying and confining parts of the Clematis Sardsd@igbution of the Clematis Sandstone and Ndeolayem
Formation has mostly eroded but a few remnants occur as outcrops in the north. These two formations form pe
basal section of GAB recharge beds (Pearce .B, HansenTheZDEsnic Rewan Formation is considered to be a
regionascale cofining unit (aquitard) along most of the central axis of the Bowen Basin but is absent from the eas
west flanks of the basin.

Key aquifer characteristics are:

Rewan Formation:
o theaverage groundwater levat@ain@5 mbgl
0 highlyariable in permeability and porosity and limited in lateral and vertical extent
0 groundwater quality collected from the one monitoring bore in the Rewan Formation classed
groundwater as sgline
0 recharge is localised and mainly through dirdonimfilteanfall, overland flow and surface water flow
in outcrop areas;
o discharge is localised and generally via through flow into adjacent or underlying older formations
evapotranspiration;
0 groundwater use in the Project Area is uakdayen théimited extent of this aquifer, groundwater
supply is likely to be isojated
Clematis Sandstone:
o the average groundwater igsedbund 52 mbgl|
o highly variable in permeability and porosity and limited in lateral and;vertical extent
o Clematis Sandstompiifer has a localised presence to only a few small outcrops in the Project Area
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o

the Clematis Sandstone aquifer has moderate to good permeability

recharge is localised and mainly through direct infiltration of rainfall, overland flow dlmvsurface wate
in outcrop areas;

discharge is localised and generally via through flow into adjacent or underlying older formations
evapotranspiration;

groundwater usargeting the sandst@nenknown.

3.2.5 Permian Aquifers

The two dominant Perrfoamations within the Project Area are the Blackwater Group and the Back Creek Group.
coal seamsf the Blackwater Gratg the more permeable units within the Permian sebiuemoed.seams are
continuous across Enejecrea and constitube tmost extensive aquifers. These seams have been extensively mined
along the western margin of the Bowen Basin. The Back Creek Group is a confining unit however shallow une
groundwater has been known to occur in outcrops/subcrop areas.

Key aquifecharacteristics are:

Blackwater Group:

o the recorded pressures associated with the Back Creek Group indicate artesian groundwater press

o low to moderately permeable coal;seams

0 recharge is limited and generally via direct infiltedtital ehd overland flow as well as downward
seepage from overlying aquifers where no clay barriers exist in outcoypingpésens;

o discharge is generally through flow into adjacent (outcroppiogpinguinal seams) aquifers or
seepagento underlying aquifers (via structural discontinuities) and groundwater extraction (CS
incidental mine gas management, and mine dewatering activities);

o0 groundwater quality is generally poor, however varies from being fresh to saline

0 groundwater resoescassociated with the Blackwater Group are typically contained in porous
sandstones and fractured shale and siltstones

o confined by low permeability overburden and interburden as well as the overlying Rewan Formation:
it exists

Back Creek Group

o low to moderately permeable coal seams Recharge is limited and generally via direct infiltration of r
and overland flow as well as downward seepage from overlying aquifers where no clay barriers e
outcropping/sebopping areas;

o discharge isegerally through flow into adjacent (outcroppirgompsulp coal seams) aquifers or
seepage into underlying aquifers (via structural discontinuities) and groundwater extraction (C
incidental mine gas management, and mine dewatering activities);

o corfined by low permeability overburden and interburden as well as the overlying Rewan Formation v
it exists;

o0 groundwater quality is generally poor, however varies from being fresh to saline.
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4 WATER MONITORINGAIERGY

4.1 Groundwater Monitoring Program

A vater monitoring strategy is required@diAhisshown ifigure® andFigurelQ This incorporates the development
of a groundwater monitoring program.

The groundwater monitoring program has been developed to undertake:

site and regional groundwater level monitoring data in the deeper aquifers;

site and regional groundwater level and quality monitoring data in the shallow aquifers;
assessment of site éguparameters for shallow and deep aquifers through model calibration;
characterisation of interconnectivity of aquifers underlying the site; and

characterisation of surface Waterundwater interaction (particularly with IsaaesRiyer

In order to meet the aforementioned objectives, a groundwater monitoring program that includes a representative
bores in the shallow, intermediate and deep groundwatsaspstemisnplemenfEide major groundwater
systems to be nitoned include:

shallow groundwater systems {i@btey comprised of:

0 Quaternary alluvium, and

0 Tertiary basalt and sediments.
intermediate groundwater systems (confined / unconfined) of Triassic outcrop formations including the Clel
Sandstone; and

deep groundwater systems (confined aquifers) of:
o Blackwater Group at the CSG target depths, and

0 Blackwater Group subps including the Rangal Coal Measures, Fort Cooper Coal Measures and
Moranbah Coal Measures.

The groundwater monitoring netwi@gussed in more detail in the following sections of this report.

411 Groundwater Monitoring Network

A regional aquifer groundwater monitoring network has been developed. The purpose of this monitoring network is t
the future effects of declinetar Veael and establish baseline groundwater level and quality data.

4111 MGP Ar ea

A total of 16 groundwater monitoring bores dgooomth&ater monitoring network for the MGRydmprovides
an overview of the spatial distribution of the groundwater monit@ni ablsldigs the bores and their tagdet
formatian

Possible sensitive ecosystems exist in association with the Isaac River which runs through the predicted peak dec
for the MCM. Shallow formations (alluvium and basalt) in this area have a higher environmental veiugand are mor
be used as a groundwater source. Whilst impacts greater than the bore trigger threshold are not predicted to occ
shallow formations, seven groundwater bores monitoring shallow aquifers (Quaternary alluvium, Tertiary basalt) h.
instad. Groundwater monitoring has been undertaken in these bores and an adequate baseline dataset has
established. It should be noted that some of these bores have been installed to provide information on vertical m
and transmission of impadaisaiow aquifers.

Within th#1GR drawdown that is predicted to be greater than the bore trigger threshold is centred around PLs 19:
and 224. Based on this, the groundwater monitoring network includes four deep groundwater bores within the [
maximum impact area (greater than 5 m drawdown) for the IAA and monitors the deep CSG target (Moranbe
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Measures), Fort Cooper Coal Measures and the underlying Back Creek Group. The monitoring wells subjected
quality sampling in the WMS pufii@ent in meeting the monitoring objectives as defined above.

Five monitoring bores were installed to monitor impacts between the IAA and the existing landholder bores on Pl
well as locations distal to the IAA for background monitoring.

Note thiedue to nearby mining operations impacting water levels at M230W, M300W was chosen as a suitable repla
The water levels observétRiBOVére considered to have been influenced by nearby mining operations; a review of mi
plan schedules inddcatedernhead tilde i @ ee d&uimb e30170 x i mi t
indicating that the SWL decline were expected totlué theesnlylo underground mine development. This was similar
to the decline seen in M340W (as discussed in the 2017 Annual Review of the 2016 Bowen UWIR) where a dt
groundwater levels has made this monitoring borehole dry.

4112 BGP

The network is comprised of 35 monitoring intervals at 22 separate locationsifogienpiissigri? 10 nested sites
of 23 monitoring interviasithe approved groundwater monitoring network for the Bigirel@arovides an
overview of the spatial distribution of the groundwater monitoiiapleEtwisidays the monitoring requirements of
the BGP, along with the status of each location. TNditielthdisplays the mtmring location name as per the 2019
Bowen Groundwater Monitoring and Management Plan (GMMR)pmiteadudise Commonwealth Department
of the Environment and Energg©atober 2019. All subsequent reporting is based off this nomenclature.

The nawvork includes phased installation of the monitoring bores in advance of CSG development in the vicinity of tf
as detailed in Section 8.1.1.1 of the 2019 UWIR. At present, 9 monitoring points have been installed at seven loc:
a part of theanitoring network; MBILD, MB2, MB3, MB12, GW004, GW007 and AEN1063 as detailed below.

The design and layout of the groundwater monitoring network is unde2@@imeni@yited groundwater modelling

that simulates the MGP and BGP groundwater abstraction and predicts the degree and extent of aquifer depress
in a spatial and temporal context. A geospatial analysis has been used to enable the magtiinidg, afxtent and
depressurisation to be related to the location of connected environmental features and existing water users,
providing an informed basis for establishing monitoring locations.

In summary, in designing the monitoring, cetveatkrath has been afforded to the following:

acquisition of baseline data;

spatial extent and timing of predicted aquifer depressurisation;

geological formations that require monitoring and potential migration pathways;

potential changes to the groundwaterehala

environmental features that require monitoring; and

groundwater level or pressure impacts that are anticipated to occur in the context of connected receptors.

The layout of the groundwater monitoring network is specified separately for epobhjeuft thieaBE&R Red Hill
Central development, Mavis Downs development and the remainder of the BGP FDP and takes into considerat
differences in gas development, both in a spatial and temporal context.

The monitoring bores used in developiitiptHEaseline will be augmented with additional monitoring bores to close ou
any monitoring/data gaps identified. The specifications, including the primary and secondary purpose of the
formations targetattprovisional installation years avensiirablel 1

The installation schedule is phased according to the following:

monitoring well locations with a primary purpose of baseligewitidngtanstalled prior to the

commencement of production in the corresponding development phase to enable the collection and interrc
of baseline data.

monitoring well locations where baseline monitoring is not required will be instalfetbirntortediatel
commencement of production in the corresponding development area.

contingent locations will be installed only in circumstances where the criteria for contingency (specified in tl
notes td@ablell) are met.

Both field andboratorpasedquality monitoring will assist in aquifer characterisation and baselining, serving as
benchmark against which potential impacts can be assessed.
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Itneeds to be recognised that the ultimate location of the monitoring wells will be subject to site and access constr:
may lead to-pmsitioning.
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Tablel1l BGPMonitoringNetwork
Monitoring location Monitoring mteryal and target| Development area Statuslllndlcatllve year of Status
formation installation
ST Quaternary / Tertiary Currently on monitaring
i RCM Groundwater level monitoring was required twice d&lly/R68D11
! which has been achieved. Going forward, a minimomthdy @/ate
MB1 Current level measurements are required for remainder of CSG produ
Di MCM Water quality sampling was required framavfiidnnual frequeng
for the first year, which has been acl@ewegl forward annual
monitoring is required.
Currently on monitoring.
Groundwater level monitoring was required twice daily until 31
MB2 MCM Current which has been achieved. Go_lng forward, a miGimaomihdf wate
level measurements are required for remainder of CSG produ
PL4SG Online date is 16 February 2019 however data was lost betwe
October 2019 and 9 January 2020.
Currently on monitoring.
Groundwater lewabnitoring was required twice daily until 31/10
MB3 MCM Current which has been achieved. qung forward, a mirimomthdf 6/ate
level measurements are required for remainder of CSG produ
Online date is 16 February 2019 however data was lost betwe
Ocbber 2019 and 9 January 2020.
Not currently required as criteria not yet triggered.
Requirement for installation is based on (modelled) increased
MB4 Unconfined alluvium Contingent depressurisation resulting from changes in the FDgcomiiiBdte|
level monitoring data indicate interconnectivity of MCM with o
units.
MB5 Tertiary / Triassic ATP1103 2020 Not currently required due to no development within 10km.
Not currenttgquired as criteria not yet triggered.
Requirement for installation is based on (modelled) increased
. . depressurisation resulting from changes in the FDP, or monitg
MB6 Quaternary / Tertiary ATP742 Contingent other sites in the northern development area indicate the pote
likelhood of preferential groundwater flow occurring across for
way of geological faults
Si Tertiary Not currently required due to no development within 10km.
MB7 - ATP742 2029
Di RCM
MB8 Quaternary / Tertiary ATP742 2030 Notcurrently required due to no development within 10km.
Si Quaternary / Tertiary Not currently required due to no development within 10km.
MB9 1T RCM ATP1103 2029
Di MCM / FCCM
] Requires installatioomediately prior to commencement of pum
MB10 Tertiary ATP1103 2030 from Wards Well pilot wells.
Si Quaternary / Tertiary or Rey Not currently required due to no development within 10km.
MB11 Formation ATP1103 2029
Di RCM
Existing Fitzroy Mining monitoring bore (EFGWS5D) being utilis
obtain groundwater level monitoring data in place of MB12. E
. located approximately 345m from the proposed location for M
MB12 Quaternary / Tertiary ATP1103 Current Monitoring commenced in July 2018.
Groundwatenel monitoring will inclugeGthly water level
measurements for remainder of CSG production.
Si Quaternary / Tertiary (if pres ATP1103 MB13S not currently required due to no development within 1
Requirement fostallation of MB13D is based on monitoring®f
and/or other monitoring points in the southern development ar
MB13 Di Blackwater Group (RCM Contingent2028 indicates the potential or likelihood of preferential groundwate
FCCM / MCM) ATP1103 occurring across formations by way of geological faultg, or on
modelling or revised development indicates a greater risk of
depressurisation impact at this location.
Si Quaternary / Tertiary ATP1103 Not currently required due tiemelopment within 10km.
MB14 1T RCM ATP1103 2029
Di MCM / RCCM ATP1103
ST Unconfined alluvium ATP1103 Not currently required due to no development within 10km.
MB15 - — 2029
I'i Tertiary / Triassic ATP1103
MB16 Tertiary ATP1103 2029 Notcurrently required due to no development within 10km.
Si Unconfined alluvium Not currently required as criteria not yet triggered.
ATP 1103 (in proximity to Lake . Requirement for installation is based on ifmedis#idg indicates &
MB17 ) ) Contingent . o - o
i Rewan Formation Elphinstone) risk of depressurisation impacts to Lake Elphinstone, or if imp
detected at MB$1
Supplementary monitoring bores
AEN1214 Rangal Coal Measures ATP742 Current Man_ual_measurements recadsy @nonths. Awaiting access an
monitoring agreement for deployment of logger.
On monitoring as of November 2020.
AEN1063 Blackwater Group ATP1031 Current Suitable replacement for proposed AEN1036 as on same projf
drilled to the safieemation.
Suitable replacement for proposed AEN1050. Manual measur
AEN1234 Quaternary alluvium ATP103 Current recorded evenynnths. Awaiting access and monitoring agree
deployment of logger.
Alluvium oo
GWO004 ATP1103 Current Onmonitoring as of November 202_0.
Fort Cooper Coal Measures Replaces GWO001 due to logger failure.
Alluvium o
GwWO007 PL486 Current On monitoring as of November 2020.
Fort Cooper Coal Measures
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41.2 Groundwater Monitoring Frequency

The groundwater monitoring frequency for the WMSshoves idireblel2andTablel 3

Tablel2 MGPWMSGroundwateMonitoringFrequency

Bore Shallow/Deef Monthly Watel 6 Monthly Wat( 6 Monthly Wate Annual Water
Level Quality Level Quality
M339W Shallow June 2012 to January 2016 January 2016 Onwards
M225W Shallow June 2012 to January 2016 January 2016 Onwards
M340W Shallow June2012 to January 2016 January 2016 Onwards
M230W Shallow June 2012 to January 2016 January 2016 June2021
M300W Shallow November 2021 Onwards
M250W Shallow June 2012 to January 2016 January 2016 Onwards
M224W Shallow June 2012 to January 2016 January 2016 Onwards
M222W Shallow June 2012 to January 2016 January 2016 Onwards
M313W Deep July 2014 to January 2016 January 2016 Onwards
M314W Deep July 2014 to January 2016 January 2016 Onwards
M324W Deep July 2014 to January 2016 January 20XBnwards
M325W Deep July 2014 to January 2016 ‘Jaglrj\svrgrggm NO,\\/IACIJ ititec:ri?n;a”t'
GR0O67V Deep November 2015 to November December 2016 Onwards
M162V Deep November 2015 to November December 2016 Onwards
ANO19F Deep November 201d November 201 December 2016 Onwards
ANO20F Shallow November 2015 to November ! December 2016 Onwards
ANO21F Deep November 2015 to November ! Jagt;sgé?lﬁ NO,\\/IACIJ ititeér%;a”t'

Tablel3 BGPWMSGroundwateMonitoringFrequency

Twice Daily
Bore Shallow/Dee|  Water Level | © M%”JQ:?; Wat GL(';/'Voefggg’n\l/JVaal;e Angltaalli\':Vater
(logger) Y y
MB1 Deep November 2019 to November November 2019 November 2019
onwards onwards
MBH Deep November 2019 to November { November 2019 November 2019
onwards onwards
MB1S Shallow November 2019 to November } November 2019 N/A
onwards
MB2 Deep October 2019 to October 207 ~ O¢tober 2019 N/A
onwards
MB3 Deep October 2019 to Octc20 October 2019 NIA
onwards

1 Note that due to thellhead configuration and the MB1 monitoring point, manual readings through the wellhead are not possibl

the pump installed.
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Twice Daily
Bore Shallow/Deefj Water Level 6 M%”Jg:?{ Wat GLQ/IVOerEﬁ:gnYJV;;e Anglﬂ"\:v ater
(logger) y y
July 2018
MB12 Shallow onwards N/A July 2019 onwarf N/A
GWO04A |  Shallow | November 202 N/A N/A N/A
onwards
GWO004B |  Shallow | November 202 N/A N/A N/A
onwards
GWO07A|  Shallow | November 202 N/A N/A N/A
onwards
AEN1214|  Shallow N/A Awaliting access N/A
agreement
AEN1234|  Shallow N/A Awaiting access N/A
agreement
AEN1063|  Shallow N/A November 2020 N/A
onwards

For any future WMS bores (MGP and BGP), groundwater quality monitoring is proposed to bexonuithnigtken on a
basis for a period of 12 months and thereafter groundwater quality monitoring is proposed to be undertaken annua
remainder of the CSG operations.

The groundwater monitoring frequency is based on:
limited groundwater leagiation from climatic or seasonal fluctuations due to the depth of these confined
formations (low recharge) and low pernidabifigtermining baseline levels
length of time over which groundwater level impacts develop as a result of the@SG developm
stability of groundwater quality in these low permeability formations, and the delayed impact of CSG develc
on groundwater quality (if there is any impact on groundwater quality) relative to impact on groundwater le
change in groundwatelity is dependent on inducing flow)
data will be reviewed on an annual basis and presented in the annual review report to DES as prescribed i
Sectio®. This review will include a comparison of groundwater data to model predictions.
Following the establishment of baseline groundwater quality, the frequency of sampling and arfidgstes may be mo
some or all of the chemical parameters.

41.3 Groundwater Monitoring Procedure

Groundwater monitoring wil!/l be conducted in accord
This procedure has been prepared with reference $6;¢$he PE2 009) Moni t or 18M§/NZnd Sa
5667.1:1998 Water qual®ampling Guidance on the design of sampling programs, sampling techniques and the
preservation and handling of samples, and AS/Ns&Best@ater quality samplingafastiStandards and the
Groundwater Sampling and Arialystgeld Guid8ndaram et al, 2009

During monitoring events, visual inspections will be undertaken by field staff to provide an assessmernt on bore inte
observed bore defects wilbtexlrand reported with follow up maintenance actions proposed. This aims to ensure that
bore is maintained and in a secured and operating condition.

41.4 Groundwater Monitoring Parameters

The proposed field parameters and the laboratory analytidalr spioeddleater samples are listethliel4and
Tablel5below respectively.
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Tablel4 FieldParameterd/onitoringSuite

Parameter

TemperatureQ) Redox Potential (Eh)
Electrical Conductivity (EC) Dissolved Oxygen (DO)
pH

Tablels ChemicaParameterd/onitoringSuite

Parameter

EC and Total Dissolved Solids (TDS) Calcium (Ga

Total Alkalinity Sodium (Np

Bicarbonate/Carbonate H{CQ? Potassium {K

Fluoride (F Magnesium (RAg

Strontium (Sr) Nitrite (N©), Nitrate (N@Q Ammonia (KiH

Chloride (¢l Total Phosphorous O

Sulphate (S§ Total and Dissolved organic carbon (TOC/DOC)

Dissolved Methane )CH Metals (dissolved): arsenic (As), barium (Ba), bor
chromium (Cr), cobolt (Co), Copper (Cu), Iron (F¢
(Pb), manganese (Mn), molybdenum (Mo), nicke
zinc (Zn)

41.5 Assessment of Aquifer Parameters

Groundwater pressure data collected as part of the WMS will provide the basis for futurmeyioainohear
updates. As part of thisalidoration of the numerical groundwater model using transient groundwater level data will en
the refinement of parameterisation of hydraulic conductivity values.

4.1.6 Baseline Assessment Program

TheWater A¢tdd) 200@equires petroleum tenure holders to carry out baseline assessments as indidated in Section
A program for baseline assessment for the LAAs is also required as part of the WMS. This program incorporates we
predicted to be impactelduat outside the tenures. Since water level or water pressure impacts in many parts of the L
will not occur for a very long time, it is not proposed to undertake the baseline assessments for bores in the ent
Baseline assessments are best eartipst before the impacts are expected to occur. If they are carried out too earl
the information collected will be out of date and be of degraded use for assessing changes.

Based on this, the program for carrying out baseline assessmentssftr piredgr@gsvely expand the area assessed

so that assessments are completed soon before impact is predicted to occur. A predicted impact of 1 m within thr
has been adopted as the trigger for carrying out a baseline assessment. When amewdJ@gViRri e d i n t hr
a new 1 m impact area will be established. This is consistent with the approach adopted for the Surat Cun
Management Area UWIR.

Figurdl1shows the area within which water pressure decline of more than 1 m is expected within three years. The k
assessmentggram wilthclude all water bores located in the IAAthgquiiera of an aquifer where at leastf 1
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drawdown is predicted within the next threEngeaeger bores within the IAA contduanaedl been field inspected
as a part of the baseline assessment pigassd.on this, there ao remaining water bores that regassliae
assessment
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4.2 Water Production Monitoring

The quantity of water taken during production of CSG will be monitored according to the process Bescribed in Sec
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5 ARROWMONITORING RESULTS

Groundwater monitoring has been undertakenitgctomance witie WIR WMS groundwater monitetiwgrk
located imeMGPAreaThe locations of theseels are shownHigured. Thissitespecifidata is presented in more
detail in the following secamusiew data (groundwater levels and watey pyoiifye an update to the current

understanding of the cotuzdnydrogeological model

5.1 Groundwater Levels

5.1.1 Shallow UWIR Monitoring Data Summary

Groundwater level monitoring has been undertaken in the following shallow groundwatemhichitormypdaotes
of the2022Bowen UWIR groundwater monitoringkrietviloe MGP and BGP Arall€l6provides a summary of

these bores).

monitoring since June 2012 for bores M339W, M225W, M340W, M230W, M250W, M224W, M222W,
monitoring since March 2016 for bores ANO20F and ANO21F;
monitoring since January 2018 for bore MB12;

monitoring since November 2019 for bor8said GWOO07A,;

monitoring since November 2020 for bores GW004A, GW004B, AEN1214, AEN1234 and AEN1063

monitoring since November 2021 for bore M300W.
Tablel@ Shallow Groundwater Monitoring Bores

Bore ID Network Total Constructe(  Screen Interval Screened Formation
Depth (m) (mbgl)

M339W MGP 41.0 35.0/ 41.0 Weatheretertiary Basalt
M225W MGP 34.0 23.0i 34.0 Weathered Tertiary Basalt
M340W MGP 27.3 19.31 27.3 Weathered Tertiary Basalt
M230W MGP 32.0 29.0i 32.0 Weathered Tertiary Basalt
M250W MGP 56.5 44.5 56.5 Tertiary Sediment
M300W MGP 30.0 24.0i 30.0 Weathered Tertiary Basalt
M224W MGP 325 26.5 32.5 Quaternary Alluvium
M222W MGP 30.2 20.0i 26.0 Weathered Fort Cooper Coal Mea
ANO20F MGP 77.0 70.00 72.0 Rewan Formation
ANO21F MGP 27.0 20.0i 22.0 Tertiary Sediment
MB1S BGP 60 45.0i 50.0 Fort Cooper Coal Measu@srah

Seam

MB12 BGP 59.1 56.0i 59.0 Rewan Formation
GWO0O04A BGP 135 7.51 13.5 Tertiary Sediment
GwW004B BGP 59 53.0f 59.0 Fort Cooper Coal Measures
GWO0O07A BGP 7.5 151 7.5 Tertiary Sediment
AEN1214 BGP 37.32 2 Rangal Coal Measures
AEN1234 BGP 102 48.21 102.0 Blackwater Group
AEN1063 BGP 52.6 39.61 45.7 Blackwater Group

IM230W was replaced by M300W due to mining impact impacting the water level
2Screened interval could not be determinepiohoging infrastructure

The groundwater level monitoring results are Appendix.AGroundwater levelse shown Figurel2toFigure

14and are discussed below for the MGP and BGP areas.
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MGP:
The groundwater levels in therit@e from:

2001to 209.2 m Australian Height Datum (AHD) in the weathered Tertiary Basalt aquifer;
233.2 to 242.3 m AHD in the Tertiary Sediment aquifer;

207.80 211.7 m AHD in the Quaternary Alluvium aquifer;

202.4 t@06.3n AHD in the Fort Cooper Coal Measures aquifer; and

237.2 to 238.6 m AHD in the Rewan Formation.

All bores located within close proximity to the Isaac River display similar deptas tbhagasistiowRigurel 5

A review of the groundwater levels in bore M224W, installed in the Quaternary Alluvium and withiRi280 m of the Is
was compared against data obtained from the Isaac River stream gauge (130414A). The graphically presented r
data Figurel5) indicates a gradualidedh flow periods from2€iB to the end of 2014 and an increase in flow periods
linked to rainfall events into 2018. The only shallow monitoring bore indicating a possible hydraulic link to the ri
fluctuations, is bore M224W. The concgrtagéblogical model repdirtkage between rainfall events and river level

flow periods to groundwater levels. The current data set does however not indicate a strong link and the outcon
inconclusive. Insufficient data available to subgisivarhanges to the current conceptual model.

The groundwater levels in the monitoring bores completed into the weathered tertiary basalt (M339W, M225W, M3
M230W) and located in close proximity to the Isaac river, no direct hydratditheoisaectiiver fluctuations. The

water level in monitoring bore M339W has been very stable of the last 7 years. The water level in M225W has cor
recover and M230W has gradually dropped over the last 4 years, not in sequencestiotie fiheriattu level

in M340W has dropped below the completed depth of the monitoring bore due to the impact of the undergrount
directly below the area.

The groundwater levels for bores MENORARNd ANO20&re higher due to thepective surface elevation in the
areas being approximately 50 t@6Am40rand 85 to 95m, respectiablgye the other bores. As indicatatdla

16 M250Wrad ANO21&re installed in thertiay Sedimerandlocated approximately 10 km north and east of the other
groundwater monitoring sites along the IsgashRe/&B12 is constructed within the Rewan Formation and located
approximately 26km northéalse mther groundwater monitoring sites along the lsaac River

There is no predicteddARAAor unconsolidated aquiterdie MGP and B@#modelled drawdodaes not exceed
the bore trigger threshold of 2 metres.

Groundwater level monitaroigates:

actualgroundwater levels monitoredre M339W have remained steady over the monitoring period.

the water levels in M222W and M225W have continued to steadily rise since monitoring began in 2012.
Figurel4ddisplays cumulative rainfall departure and groundwater levels at groundwater monitoring bores
M225W, M230W, M222W and M224W. Recharge to shallow aquifeesrdeartoaabiall has continued

to contribute to the rising trend in groundwater levels noted in M222W and M225W with a peak at the end
2017. The water level in M230W has declined since this peak, likely due to nearby mining operations as
discussed below

there is no predicted IAA or LAA for any aquifer underlying PL 223; hence modelled drawdown greater tha
bore trigger threshold at the end of 2019 was not predicted in the 2019 Bowen UWIR to occur at the locati
bores ANO20F and ANO21F. ANGRA&tlied in the Tertiary Sediment and has increased in water level since
monitoring began. ANO20F is installed in the Rewan Formation which is considered to be a regional aquita
Groundwater levels monitored at ANO20F have remained steadytoviegtpenodni

adecline in groundwater level by greater than the bore trigger threshold was noted at bore M224W betwee
November 2017 and November 2019. As discussed in the 2019 Bowen UWIR, the water levels in this bore
indicate a possible hydraulilihle river level fluctuations. Thigsiswith the conceptual hydrogeological

model report in the 2019 Bowen UWIR, where there is linkage between rainfall events and river level flow |
to groundwater level. This decline greater thanrihgdvdreeshold between November 2017 and

November 2019 is not considered to be due to the effects of CSG production.
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adecline in groundwater level by greater than the bore trigger threshold was noted at bore M230W betwee
November 2017 and November 2019. The water levels observed in this bore are considered to have been
influenced by nearby mining operations; ameviewef pl an schedul esoi ndicat e
traversed the area in proximity to M230W between Q08lahihddating that the SWL decline were

expected to beesult of the Anglo underground mine development. This was similar to thie decline see
M340W (as discussed in the 2017 Annual Review of the 2016 Bowen UWIR) where a decline in groundwa
level has made this monitoring borehole dry. Both monitoring bores are in thelsanrei&rgares
Accordinglyhe decline is not considered to be due to the effects of CS@pmtuttmimpact of mining
operations, this monitoring bore has been replaced by M300W biat iisisnapdecfor historical analysis.

Based on the graphically presented monitorim§idatel? it is clear that there is no apparent influence of CSG
production to the Quaternary alluvium, weathered Tertiary basalt, Tertiary sediment, weathered Fort Cooper coal r
and Rewaaquifers in which these bores are inJtaidedata supports the groundwater modelling predictions in the
2@1 Bowen groundwater model.

BGP:
Groundwater levels,is shown kigurel3 range from:

227.9 to 64.75 m Australian Height Datum (AHD) in the Tertiary Sediment aquifer;
209.5 m AHD in the weathered Fort Cooper Coal Measures aquifer, and
286.4 m AHD in the Rewan Formation.
Based on the presented monitormgn&aiurel3 there is no apparent influence of CSG production to the Tertiary

Sediment, Fort Cooper Coal Measures and Rewan aquifers in which these kihreBresasirestpieted given no
water production has commenced in the BGP.
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Shallow Bores Water Level Monitoring Results - MGP
250 250
240 ————
- —~—a— il
230 200
220
. ————t0—o_, - -
g 210 ¥ ———5 150
E B
S H
: 5
g El
2 190 100
180
170 50
160 A |
0 Js il R ; {4 ,}JL 4 .
3/12/2010 3122011 2122012 2/12/2013 2/12/2004 2/12/2015 1/12/2016 vi22007 Y12/2018 11272009 30/11/2020 30/11/2021 30/11/2022
Monitoring Date
—— M339W —8— M225W —B— M250W —8— M224W —— M222W == AN020F ANO21F M230W  -eoeeeeee Rainfallamﬂunt{mi”imelrei] . M300W
Figurel2 Shallow Bores Water Lel&initoring Resuli8MGP
o e
Shallow Bores Water Level Monitoring Results - BGP
320 180
30 .\.—./.7 . 1%
280
F 140
%
260
L 120
= 240
2 — ) —& A
£ 220 100 @
= [ — 3
5 =
@ -
S 200 I =
3 80 3
8 2
2 180
- 60
160
. L a0
140 ; —
H
§ I
120 - - ; *
T S t } 3 H
100 EiiE A i3 R Sif g i ST TR " 0
1/1/2018 1/1/2019 1/1/2020 31/12/2020 31/12/2021
Monitoring Date
—4— GWO04A —8— MB12 AEN1063
—@— AEN1214 AEN1234 —m— GW004B
—A— GWOO07A MB1S e Rainfall amount (millimetres)

Figurel3 Shallow Bores Water Level Monitoring Re3BI&P

ORGARWENVREPR00026
Released dtv August 202Rev 2
Pageb00f105

go further

energy



210 4

)
=1
@

Groundwetr level (mAHD)
L \ L

Cumulative Rainfall Departure and Groundwater Levels
500 216
400 % % - 214
N
F 212
— 300 * A
E o
£ 2
=]
é r 210 %
8 200 g
]
a o
3 208 §
.IE|| .§
2 S—e—( | 206 T
3
E s
° 0 z S Y
W M ﬁ L 204
-100 (@ A d
w L 202
-200 200
1/1/2012 31/12/2012 31/12/2013 31/12/2014 31/12/2015 30/12/2016 30/12/2017 30/12/2018 30/12/2019 29/12/2020 29/12/2021
Date
=&=Cumulative depature from mean  =fli=M225W  ==M222W =3=M224W
Figurel4 Cumulative Rainfall Departure and Groundwater Levels
Shallow bores groundwater levels vs Mean Isaac River Level (130414A)
215 .5

-\Hﬂ L 3s

F 45

F 25
a4
freiereiy— 4 A b ~x L L 3 2 = = = e

200 il )
F 15

195 L1
r 0.5

190 0

1/06/2012 1/06/2013 1/06/2014 1/06/2015 31/05/2016 31/05/2017 31/05/2018 31/05/2019 30/05/2020 30/05/2021

Isaac River-130414A  ==ll=M222W  ==t==M224W ==e=M339W ==fll=M225W
Figurels Shallow Groundwater levels vs mean Isaac River levels
ORGARWENVRER00026

Released dtv August 202Rev 2

Pageb1of105

go further

energy



5.1.2 Deep UWIRlonitoring Data Summary

Groundwat&velmonitoring has been undertaken in the following deep groundwater monitoring bores which form
the 2@2Bowen UWIR groundwater monitoring .reabletk provides details for these bores.
monitoring since November 2011 fdD lsligl since November 2019 fol; MB1

monitoring since September 2015 for bore MB2;

monitoring since September 2013 for bore MB3;

monitoring since September 2014 for bores M313W, M314W, M324W,
monitoring since February 2015 for bore M325W;

monitoring since November 2015 for bores ANO19F

monitoring since December 2015 for bore M162V,

monitoring since February 2016 for bore GR@67V; an

monitoring since November 2019 for bore GWO0O07B.

Tablel7 DeepGroundwater Monitoring Bores

Bore ID Network Total Constructed Depth (n Screen Interval (mbg Screened Formation
313.0 316.5 Moranbah Cddkasures (QA Sean
M313wW MGP 532.4
507.0 510.0 Back Creek Group
210.5 2135 Moranbah Coal Measures (QA S¢
M314W MGP 560.5
551.5 553.5 Back Creek Group
163.0 166.0 Fort Cooper Coal Measures
M324W MGP 240.0
187.0 190.0 Moranbah Cddeasures (QA Sean
M325W MGP 202.3 180.5 182.0 Fort Cooper Coal Measures
ANO19F MGP 290.0 269.0 271.0 Fort Cooper Coal Measures
M162V MGP 276.0 252.0 256.0 Moranbah Coal Measures
GRO67V MGP 610.9 543.2 610.9 Moranbah Coal Measures
336-340 Fort Cooper Coal Measures
MB1 BGP 550 423.%506.6 Moranbah Coal Measures
MB2 BGP 834 701.1814.7 Moranbah Coal Measures
MB3 BGP 796.3 712.3 717.9 Moranbah Coal Measures
GWO007B BGP 181.5 175.5 181.5 Fort Cooper Coal Measures
MGP:

The groundwater level monitoring results are BigonghGnObserved groundwater levels or calculated potentiometric
water levels ranged from:

2098t0 216.8m AHD in the BCG;

49.6 to 207.7m AHD in the FCCM; and

-129.1 to 202m AHD in the MCM.
Themonitorinigores discuedbelowhave been selecthk to identg#ition of noticeable trends:

decreases imwater levels at GR067V of up tangf@s noted in April and August 2016, are due to
depressurisation activities in this bore assocthiedavittersion of the bore to a monitoririghpaetovery

curve has subsequently stabilised and a standing wa2@dtexéibfis evident

monitoring data from M325W has not been compared to the bore trigger threshold because water levels
exhibited a consistently increasing pressure trend since monitoring commenced in 201£igww@resented in
16 the available pressure data for M325W indicates groundwater levels in the FCCM have increased pe
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previoustgbserved peak of 69.99m AHD (recorded in 22/05/2016) and 85cbwaildD toB010/2Q1

As the starting water level of the bore is unknown and cannot be determined, including the ongoing incre
water level in the bore, the bore trigger threshold has not been applied to the monitoring bore.
monitoring data from MA&lindicates a decline within both the MB&tGzodesThe MCM decline can be
attributed due to the nearby production of @MB836\Whe separation between the MCM and BCG zones, the
drawdown in the BCG is unlikely due to CSG abtviteediria theBCG water level can possibly be attributed

to a decrease in the CRD as evidiegiel 4

the eclinan groundwater levagl M313Vind M324\WMCMgxceedethe bore trigger threslodlel n(19)

due to the proxinagibd hydraulic communicatiopmiiiction well GM052V, 300m to the southwest and within
the MCMI he ronitoring data from the M@itorinigore M324W also presentedrigurel9andindicate

hydraulic communicatiih the production well

the current production from M13&@GMiVthe MCMcated 470ta the northwest of monitoring bore,M162V
has resulted in the bore tripgeshold of 5Sm being exce@tigdrel 9. The information suggests the water
pressurewill continue decline in the area in line with the CSG production.

InFigurel8the graphically presented pressure data ipdéssigehanges déssthan the 5m bore trigger threshold
andthe figure providasnore detailed presentation ¢fad and BCG pressuresrddmded FCCM pressures
(Figurel in bores M324W and ANO19F, located 11 km apart, reflect similar trends. The pressures in both bore
graduallgdecreasedecline in water levels noted for the FCCM are observed to correlate to the water production in
wells and consequential drawdown in the underlying MCM. This suggests that there is some transmission of imp:
the MCM to the shalloi®&EM. Whilst there is some decline in water levels in the deeper Back Creek Group aquife
does not clearly correlate to the water production in the CSG wells and ongoing monitoring will confirm this. Base
monitoring data suggests that inspaatsntained within the MCM and FCCM.

Deep Bores Water Pressure Monitoring Results - MGP
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Deep Bores Water Pressure Monitoring Results - BGP
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Deep Bores Water Pressure Monitoring Results > BTT
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5.2 Groundwater Flow

A review of vertical gradients was undertaken for two monitoring locaticareanatihe &A@ Pnonitoring location in
theBGP areaMonitoring afclsite included:

Site 1From deepest to shalloviBestk Creek Group (M318W)anbah Coal Measud&14W)Fort

Cooper Coal Measures (M325Well as data from monitoring approximately 3 km naoim west in
weathereBort Cooper Coal Measures (M222VQuaternary Alluvium (M224W)

Site 2From deepest to shallovBestk Creek GroM313W), Moranbah Coal Measures (M313W), Moranbah
Coal Measures (M324WjFort Cooper Coal Measures (M324W)

Site 3. From deepest to shallowest, MCM, FCCM and FCCM (Girrah seam), in MB1.

Figure20shows the vertical gradients for Site 1 and the latest data indicates the FCCM aquifer, at bore M325W, t
lowest water level. The collected and graphically displayed data indicate a very steadyresuyergnof
approximately 34mM325WWith the exception of Site 1, there is an apparent gradient toward the MCM (the target c
seams for CSG production from the MGP) i.e. upward from the BCG and downward from the Quaternary Alluviul
FCCMand then to the MCM.

The water levels in monitoring bore M222W which is constructed into the FCCM show a rising trend in response
average rainfall recharge. Water levels in M224W constructed in the Quaternary Alluvium show theatstrends in wat
are linked to flows in the nearby Isaac River.

A decline in water levels have been observed in M314W within MCM and the BCG. The water level trends betv
MCM and shallow aquifer seem to indicate no vertical hydraulic links exist at this location

Vertical Gradients (M224W, M222W, M325W and M314W)
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Figur&lshows the graphically displayed vertical gradients for Site 2 and based on thepatselateelsiatdhe
MCM monitoring bores have continued to recover following the cessation of production in GM052V.

Drawdowas a result of watavduction in CSG wells to the MCM aquifer is evident at site M313W and M324W but si
the production ceased in April 2017, the water level recovery is evident in both monitoring boreholes eMonitoring de
FCCM and BCG at this site indicatgd destiline in water levels. Decline in water levels noted for the FCCM are observs
to correlate to the water production in CSG wells and consequential drawdown in the underlying MCM. This sugg
there is some transmission of impacts from thehdGhbatlower FCCM. Whilst there is some decline in water levels in
the deeper Back Creek Group aquifer, it does not clearly correlate to the water production in the CSG wells and
monitoring will confirm this. Based on this, monitoringdathatiggeacts are contained within the MCM and FCCM.

Vertical Gradients M313W and M324W

240

220

200

2

Water Level (mAHD)

120

100
1/01/2014 1/01/2015 1/01/2016 31/12/2016 31/12/2017 31/12/2018 31/12/2019 30/12/2020 30/12/2021
Date

—— Back Creek Group(M313w)

Moranbah Coal Measures(M313W) «— FortCooperCoalMeasures(M324W)

Moranbah Coal Measures(M324W)

Figure21 Site 2 Review of Vertical Gradients for M313W and M324W

Figure2showsghe graphically displayed vertical gradients for Site 3 (MB1) and based on the presented data, a dec
in water levels in MEMs visiblen 2016with a smaller decrease seenHCE® Prior to this decrease FBEM

displayed similar waterl¢etcethe Quaternary Alluvium. This decline in water levels can be attributed to the worka
conducted on MB1 to equip the borehole -fmmmuitonitoring. During the workover process, a slug of water was
introduced t o 0 kwpdeiméabiltyrokthe W@CMlanddMEM, a degliae it watertiebhebwas seen. As c
the end of 2021, the water levels in all three zones are stabilising, with the MCM zone displaying an mcrease in wa

The sharp pressure increases in the data cdloulbedatth sampling events of MB1, where the pressure is bled off the
borehole during sampling.

Ongoing monitoring at this site will provide further information on the interconnectivity of aquifers at these sites.
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Vertical Gradients (MB1)
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Figure22 Site3- Review of Vertical Gradients for MB1

5.3 Groundwater Quality

5.3.1 Shallow aquifer water quality

Groundwater quality monitfairig). 191, 196, 223 and 22ddrasindertaken @ighshallow groundwater monitoring
boresine June 2012 should be noted that one shallow groundwater monitoring Hussh&OREfficient water

for samplirend no sampling has been able to be undertaken artasjsitent bore ANO20F, drilled and completed
into thd&kewan Formai,has been samplsince 181ay2016as the replacement.

Tablel8provides a summary of water quality results obtained from bores targeting the shallow aquifers (M339W, N\
M340W, M230W, M250W, M224W, M222W020&). This provides an indication of water quality ranges for each
parameter analysed based on aquifer type. Results for some parameters between different monitoring locatior
Tertiary Basalt show a high degree of variation which is |&éliputatble to the spatial heterogeneity of the

hydrogeological system. Review of this data indicates that there are no notable trends. It should be noted that t

separate groundwater monitoring program, required by the EA, to monmipage@eihGaG related infrastructure,
which is outside the scope of this report.

In generglhe salinity rangésr the underlying units can be described sis follow

groundwater quality of the quaternary alluvium varies from brackish to saline
groundwater quality of the tertiary basalt aquifer varies from brackish to saline
groundwater quality of the tertiary sediment aquifer is fresh to brackish

2Environmental Protection Agency (EPA) of South Australia

ORGARWENVRER00026
Released div August 202Rev 2

Page580f105 energy
go further



groundwater quality of the weathered coal measures is saline
groundwater quality of the Rewan Borisaline

The groundwater quality monitoring results are shown in Appendix B.
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Tablel8 Water Quality Shallow Monitoring Bores

Quaternary - . . Weathered Coal .
h Tertiary Basalt | TertiarySediment Rewan Formatior|
Parameter | Units Alluvium y s Measures
Min Max Min Max Min Max Min Max Min Max
Field pH 5.73 748 | 628 | 849 | 542 7.76 5.92 8.16 6.2 7.58
c%lr?g;rég?/lm uSlcm| 4240 | 31600 | 5300 | 42769| 2170 | 2650 9090 11400 | 9590 | 11200
Total
Dissolved | mg/L | 2360 | 27000 | 3000 | 29000| 1300 | 1620 5190 9600 | 6210 | 9070
Solids
Hydroxide
Alkalinity
(OH) as mg/L <1 <5 <1 <5 <1 <5 <1 <5 <1 <1
CaCO3
Carbonate
Alkalinity ay mg/L <1 <5 <1 94 <1 <5 <1 <5 <1 <1
CaCO3
Bicarbonatg
Alkalinity ad mg/L | 101 360 380 | 827 53 116 243 457 5 126
CaCO3
Total
Alkalinity ay mg/L 101 360 380 827 53 116 243 457 5 126
CaCO3
Sulphate | mg/L 541 6200 60 1140 54 106 78 177 <1 1
Chloride | mg/L | 1020 | 14000 | 1490 | 17000| 660 794 3140 4100 | 3750 | 4030
gg'ggf\'/‘z 4| mo | 172 1000 | 55 297 12 20 290 448 51 460
Mgggif\;gg‘ mg/L | 107 1400 85 792 38 52 340 513 169 203
gg‘i‘oﬂc*e 4| moL | 543 6200 | 891 | 13000| 344 510 932 1400 | 1450 | 2160
Folssum | maiL | s 17 12 | 150 9 13 9 14 21 29
AE')‘fS";'O”I'\‘/Jg; mg/L | <0.01 | <0.01 | <0.01 | <0.05| <001 | <0.01 | <0.01 0.36 | <0.01 | <0.01
Arsenie
Dioshe 4| mo/L | <0.001 | 0.008 | <0.001| 0.003| <0.001 | <0.01 | <0.001 | 0.011 | <0.001| <0.001
Beryllium /L | <0.00001] 0.193 | <0.0005 <0.005| <0.0005| <0.001| <0.000001 <0.00 0.001| <0.00
Dissolved | M9/t | <O 1 01 <0.0005 <0.005| <0.0005| <0.001| <O. ] <0.001 | <0.001| <0.001
Eﬁg‘s”ouh"/”e 4| moL| 0045 | 02 0.05 | 0.283| 0047 | 011 | 0.184 3.9 342 | 534
Cadmium
Drssolvad | MO/L | <0.0005| 0.0002 | <0.0001| 0.0012| <0.0001| <0.0001 <0.0001 | <0.0001| <0.0001 <0.0001
%T;‘S”(‘;I{/“e”; mg/L | <0.001 | 0.015 | <0.001| 0.01 | 0.001 | 0.076 | <0.001 | 0.002 | <0.001| <0.001
Cobait L 1 27 1 1 1 1 1
Dissaved | M9 <0.001 | 0.0 <0.001| 0.005| <0.0001| 0.005 | <0.00 0.035 | <0.001| 0.00
Copper /L | <0.005| 0017 | <0.001| 007 | <0.001| 0.005 0.001 | 0.036 | <0.001| 0.01
Dissolved mg <0. . <0. . <0. . <0. . <0. .
D:-Sesi‘fve 4| mo/L| <0.001| <001 | <0.001| <0.005 <0.001| <0.001| <0.001 | <0.001 | <0.001| <0.001
M;ggglr\‘/‘;ze mg/L | 0313 | 81 | <0.005| 0.611| 0.007 | 0.095 1.1 1.86 117 | 2.28
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Quate_rnary Tertiary Basalt | TertiarySediment Weathered Coal Rewan Formatior
Parameter | Units Alluvium Measures
Min Max Min Max Min Max Min Max Min Max
Molybdenun mg/L <0.001 0.003 | <0.001| 0.008| <0.001 0.002 0.002 0.004 <0.001 0.01
N|ckel mg/L | <0.00005§ 0.17 0.005 | 0.361| 0.006 0.088 <0.001 0.125 | <0.001| 0.01
Dissolved
Selenium | mg/L <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Strontium | mg/L 3.19 14 1.52 8.98 0.686 0.725 6.67 8.96 11 11.3
Vanadium | o) | 20001 | 0.002 | <0.001| 0.042| <0.001| <0.01 | <0001 | <001 | <0.01| <0.01
Dissolved
_Zlne mg/L 0.008 0.302 | <0.005| 2.27 <0.005 | 0.131 <0.005 0.719 | <0.005| <0.005
Dissolved
Boron mg/L 0.13 0.39 0.42 2.96 0.61 0.76 0.3 0.34 0.09 0.2
Iron mg/L 0.2 10.1 <0.05 | 0.59 <0.05 0.43 0.05 211 1.68 14.3
Mercury a o
Dissolved mg/L | <0.00005 <0.0001] 0.00008 0.001 | <0.00005 <0.0001] <0.0001 | <0.00005 <0.0001 <0.0001
Fluoride, F| mg/L 0.2 0.9 0.09 2 0.13 0.6 0.4 1 <0.1 0.1
Phosphate
asPin mg/L 0.007 0.79 0.026 12.6 0.01 1.3 0.11 2.09 <0.01 0.11
water

5.3.2 Deep aquifer water quality

Tablel9provides a summary of water quality results obtained from bores targeting thEVBERPNGMIBAAW,

M324W, M325W, ANO19F, GR067V,, M182GMand MBD). This provides an indication of water quality ranges

for each parameter analysed based on aquifeResyits. for some paramdtetween different monitoring locations
show high degree of variation which is likely to be attributable to teegeatidliheétiow permeabitifythe
hydrogeological systémaddition to this, as displayed by the groundwater pressure data, groundwater recovery for s
sites is slow and tikiikely teesult in variations in some parameters at the sarirgriumeitoQverall, a review of

this data indicates that there are no notablintgardsathis data shows that:

groundwater quality of the Fort Cooper Coal Measures aquifeaiméresh to
groundwater quality of the Moranbah Coal Measuressaliinesh to

The water level in monitoring bore M162V dropped below the pump intake and sampling was unable to be undert:
this siteA replacement sampling bore (M134GMV) located 480 m north that was completed to approximately the s
depth intersecting the MEMn was selected to be used in the interim until water levels recover within M162V.
Sampling was conducted in M134GMV up to November 2020, however the water level had again dropped below f
intake for the November 2021 sampling round. A repdacplingribore (GM0O31V) located 1.4m south was selected

to be usedntilwater levels recover in M162V.

Tablel9 Background Water Qualiipeep Monitoring Bores

Fort Cooper Moranbah Coal
Parameters Units Coal Measures| Measures
Min Max Min Max
Field pH 6.79 | 11.8 | 7.27 | 9.42
Electrical Conductivity uS/cm 1170 | 15700| 1710 | 16000
Total Dissolved Solids mg/L 707 | 9910 | 1160 | 9810

3 Environmental Protection Agency (EPA) of South Australia
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Fort Cooper Moranbah Coal
Parameters Units Coal Measures Measures
Min Max Min Max
Hydroxide Alkalinity {Qis CaCO3 mg/L <1 456 <1 <1
Carbonate Alkalinity as cacq  Mg/L <1 157 <1 456
Bicarbonate Alkalinity as CaC mg/L <l | 1380 | 159 | 2380
Total Alkalinity as CaCO3 mg/L 159 | 1380 | 159 | 2420
Sulphate, SO4 mg/L <1 68 <1 134
Chloride, CI mg/L 188 4920 198 5850
CalciumDissolved mg/L 2 276 6 209
MagnesiurDissolved mg/L <1 256 <1 62
Sodium Dissolved mg/L 199 2590 212 3490
PotassiumDissolved mg/L 12 73 9 1450
AluminiumDissolved <0.01| <0.01 - -
ArseniDissolved mg/L <0.001| 0.005| <0.001| 0.013
BerylliurDissolved mg/L <0.001| <0.001| <0.001| <0.001
BariunDissolved mg/L 0.005| 12.2 0.236 23
Cadmiurissolved mg/L <0.001| <0.001| <0.001| 0.001
Chromiuissolved mg/L <0.001| 0.004 | <0.001| 0.018
CobaiDissolved mg/L | <0.001| 0.004| <0.001| 0.01
CoppeDissolved mg/lL | <0.001] 0.582| <0.001| 7.08
LeadDissolved mg/L <0.001| 0.459| <0.001| 2.19
ManganesBissolved mg/L <0.001] 0.304 | 0.008 | 0.446
Molybdenum mg/L 0.006 | 0.114| 0.001 | 0.089
NickeDissolved mg/L | <0.001| 0.02 | <0.001| 0.036
Selenium mg/L <0.01| <0.01| <0.01 | <0.01
Strontium mg/L 0.639| 8.18 1.18 10.8
Vanadiurissolved mg/L <0.01| <0.01| <0.01 | 0.02
ZineDissolved mg/L | <0.005| 2.16 | <0.005| 0.568
Boron mg/L 0.24 1.17 0.46 2.4
Iron mg/L <0.05| 2.94 0.1 3
Mercurpissolved mg/L 042 | 0.42 | <0.0001 0.87
Fluoride, F mg/L 0.2 4.5 0.4 2.6
Phosphate as P in water mg/L 0.04 | 059 | 044 | 174
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5.4 Groundwater Use

The results from baseline assessments completed by Arrow have been considered as they provide informa
groundwater bores and use.

Baseline Assessment Plans (BAP) have been preparBGRArdaand submitted to DH®e results of the
assessments undertaken as part of these are presented in the following sectpesed baseline assessments
have been submitted to thee@ffiGroundwater Impact Assessment (OGIA).

541 MGP Area

A BAP was submitted for the MGP Area and approve® by hduDE2012. The baseline assessment process
included undertaking field assessments, sourcing information from mining compekiies desktopler
assessments. A total of 42 assessments including registered (39) and unregistare thbemadéBaken which
identified:

5 bores which could not be found (12%)

12 bores were abandoned and destroyed (29%)

13 bores were abandonedtbiuiseable (29%)

12 bores have been verified to exist (29%)

All bores in the baseline assessments were classified in accordance with the status as defined in the groundwater
database HYRDMWThe exception to théswhere bores which could not be found during the baseline assessment.
The bores classified as o6could not be founddé incl ut
of any bore at that location or where a physical site ispetfiond dny evidence of the bore in the specified

location. The locations of these bores arinstiguwe?3 Based on this data, the majority of existing bores are

located on PL223, which suggests that greunsievis limitedthe MGP area.
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Figure23 Completed Baseline Assessments for MGP
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54.2 ATP 1103

ABAP was submitted for ATP1103 and approved on 12 November 2013. Based on the information presented in tt
DRDMVGroundwater Database, baseline assessments have been completed on all registered bores that exist witt
km of production testing wells diLBIPA total of 133 assessments, including registered (76) and unregistered bores
(57), have been undertaken on ATP1103. The results concluded that:

30 bores could not be found (23%)

6 bores are abandoned and destroyed (5%)

29 bores are abandonedtiliiseable (22%)

68 bores have been verified to exist (51%)

The locations of these bores are sifeigure24
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Figure24 Completed Baseline Assessments for ATP 1103
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543 ATP 1031

A BAP was submitted for ATP1031 and approved on 16 April 2013. Based on the informati@RpieB&nted in the
Groundwater Database, esaksessments have been completed on all registered bores that exist within 2 km of
production testing wells on ATP 1031. To date, 49 assessments, including registered (39) and unregistered bores
have been undertaken on ATP1031. The resuledabiatiud

24 bores could not be found (49%)

5 bores are abandoned and destroyed (10%)

11 bores are abandoned but still useable (22%)

9 bores have been verified to exist (18%)

The locationstbese bores are shamRigure2s
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Figure25 Completed Baseline Assessments for ATP 1031
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544 ATP 742

A BAP was submitted for ATP742 and approved on 22 October 2015. Based on the informatiDR[Pkd¥énted in the
Groundwater Database, baseline assessments have been completed on all registered bores that exist within 2 kmm
production testing well&®R 742. To date, a total of 9 assessments have been undertaken on ATP742. The results
concluded that:

2bores are abandoned but still useable (23%)

7 bores have been verified to exist (77%)

The locations of these boreshangnn Figure26

5.4.5 Future Baseline Assessments
Ongoing assessments will be carried out as outlined in the baseline assessment plans for each tenure.

ORGARWENVRER00026
Released div August 202Rev 2
Page690f105 energy

go further



ARROW ENERGY - BOWEN BASIN GAS PROJECT

7650000
T

sooo00
T
B o=
R
o} s i
N
s
A
$crmtontin o o \opaee
) Wnwsane
®AEN121G gsmzu - ';‘"”"j:;;,“?
Locality Plan
60459
@
125972 AEN1217
125974 @ ®
Q25977
®
AEN1204 AEN1205
@
ATP742

Lenton Downs

-
7650000

Legend
ATP742 Baseline Assessment Bore Status
@ Existing
® Abandoned but still useable
Major Towns
Road
—— Qld Rail Network (DERM)
ATP (Arrow)

- -
60000

Baseline Assessments for ATP 742

Source: Acrow Energy Pty Ltd
Geosciences Australia
Dept. Envir, and Resource Mgmt.

0 5 10

Kilometres
Scale: 1:180,000 @ A3
Coordinate System: GDA 1994 MGA Zone 55

N

A energy
go further

Basest on or contains data provided by the State of Queensiand (Depsrtment of Environment
and 12011 uze of thes dota

ou scknowledge and relabon

accuracy, reliabiity, completaness, cumency or suitabiity) and accepts no fasiy (including

without imitatice, abily in negigence) for any kiss, damage or costs (inchid

‘conssquentisl dsmage) relsting to any use of e data. Dota must not b used for direct
eting cr be used m breach of the privacy laws,

© Commenweath of Australis (Geoscience Australia) year of pubication
This materil & rebessed under the Creative Commons Alrbution 2.5 Austalis Licence.
http:fcreatsvecommons.oralicensesiby2.Sfos)

The dimensions, areas, number of ots, size & ocation of corridor
nformation are spproximate only and mey vary.

Disclaimer: While al reasonable care has been taken t ensuce the information
contained on ths map is up o date and accurate, 1o warranty is given that the
Infomation coatained an this map & frea from aror or omission. Any rellance
placed on such information shall be at the sole risk of the user. Piease verdy the
accuracy of sl information prior to using it

Mote: The informaticn shawn cn this map is a copyright of Arraw Energy Pty Lid
and, where appicable, Its afikates and cowenturer.

NOT FOR CONSTRUCTION

Figure26 Completed Baseline Assessments for ATP 742
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6 UPDATELQONCEPTUALYDROGEOLOGICKODEL

A conceptual hydrogeological model was dexspapedf th&lS and SREEhdwas updated as part of20E6
UWIRfor the Project Araa has been depicted in Section 3 of this Téygoxtalidity ¢fie existing conceptual
hydrogeological mosas reviewed in light of thedagavpresented in Section 5 of this UM&Bviews presented
below.

6.1 Water Levels arfdlow

The groundwater monitoring network detailed in the WMS for the MGP Area has been implemented. Data obtai
groundwater monitoring bores making up the WMS provide site specific observatimmdevelgiptesbures and
interconnectivity. The table below provides a comparison of this data. Overall, the existing conceptual model as p
in Section 3 remains valid. Whilst site specific data is provided in the table below, og@uedivatdsicalels,

flow and quality will vary.

Table2Q DataComparison

ExistingConceptual Model Changesince previous UWHRd supporting datg

Shallow aquifers are recharged mainly through dire
infiltration edinfall, overland flow and surface water
The extent of recharge to water table aquifers from| No change
overland flow and surface water are site and locati(
specific.

Shallow aquifers are hydraulically connected to su
wateisystems. The assumption has been made thg
table aquifers in some locations are in connection |
rivers/streams (generally losing stream)

No change

Rewan Formation is considered to be a-sagilenal
confining unit (aquitard). The coal seafndhaar
confined by low permeability overburden and interl

The pressure data presents evidence of limited
interconnectivity between deep aquifers

Depressurisation impacts notable within the coal n| No change
in monitoring bores located within 3&gisting
production wells

Propagation of impacts within the coal measures n
identifiable in monitoring bores located 4.5 km fron
production wells, thus suggesting low permeability|
formations

Coal seams are low to maidly permeable

Water pressure recovery data suggests that the pe

of the coal seams is considered to be low to very Ig
Nochange

Water quality of the coal seam aquifers is highly v
indicating spatial heterogeneitylofdh@geological
system

Groundwater quality of the Quaternary Alluvium aq

highly variable ranging fsmankish to saline. No Change

Groundwater quality of the Tertiary Basalt aquifer i

ranging frobrackish to saline. No chage
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ExistingConceptual Model Changesince previous UWHRd supporting datg

Groundwater quality of the Tertiary sediment aquife

considered fresh to brackish No change

Groundwater quality of the Permian aqadessdsred | Groundwater quality of the Permian aquifers is cong
to range from fresh to brackish range from freshsaine

6.2 Groundwater Users

Baseline assessments have been undbytakeovasdiscusseth Sectiord.1.6 This data provides information on
groundwater users within the Project Area and suggests that groundwatén tise Mdmitedl BGP area

6.3 Conclusion

Groundwater monitoring daténettto dateasfocussed aroutite MGP Arewvith increasing data from the BGP
monitoring netwoYkhilst the aboweonitoringlata provides some updateis, doncluded that tr@undwater
monitorindata obtaindd datds in support of the con@pidrogeologiaalodel as presented in Section 3 of this
reportThe 2018roundwatenodel assesdthe regional scale groundwater impacts of Arréuwsat@B GRrea

This model has been updated -@atibeated to take into considerationithblavew datBhere are no other material
changes to the hydrogeological understanding of the Project Area since the development of the previous UWIR
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7 UWIRNUMERICALR®OUNDWATER MODELAJHD

Arrow Energy Pty Ltd (Arrow) undertook to upeagtiigenumerical groundwater model prepared by consultants
Australian Groundwater & Environment (AGE) related to the Arrow Moranbah and Bowen Gas Expansion Project (
BGP) for use with the Bowen Underground Water Impact Report (UWIR) @rduhdvigdercklanagement and
Monitoring Plan (GMMP).

The Moranbah Gas Project has been producing gas for the domestic market since 2004, operated by Arrow and ps
by AGL. In 2012, Arrow submitted an Environmental Impact Statement to devElap Brej@uwitiowed by a
Supplementary Report to the EIS in 2014. Arrow submitted the UWIR (Arrow Energy, 2016), outlining potential in
and longerm groundwater impacts to groundwater levels due to CSG production.

7.1 Model Development

The originalokthern Bowen Basin numerical groundwater model was developed by Ausenco Norwest for Arrow En
2012 to predict and delineate areas where predicted groundwater level drawdowns exceed the Queensland Depa
Environmental and Heritage Prot&fEBIR) threshold criteria. The model was built in MEIFREASGT TM using

the Groundwater Vistas 6 software package. A uniform mesh of 1500 m x 1500 m cells was simulated over 18 mo«
(Norwest, 2012).

AGE (2018) updated the Ausenco Norwest addebinremeshing the model to increase the resolution of the mesh
around the MGP area, to better delineate groundwater structures, and to increase the layer resolution within the M
Coal Measures (MCM), increasing the total count to 22tlgpéns.nRildpliers were added to the aquifer/aquitard
hydraulic and storage parameter fields and the model was calibrated to groundwater head data from January
November 2017. Updated measured and predicted production data from Arrowigedrgy waagrthly basis,

per production bore and used to revise the MODFLOW well input package (AGE, 2017).

A further refinement (AGE 2020) was undertaken in 2020 to refine the mesh in the Red Hill area, and refine th
periods. The following dmkdsions were adopted for the Red Hill production area:

150 m cells within the Red Hill Production area, and
150 m cells centred at the location of each monitoring well.

The stress period setup refinement for the sector model was as follows:

31 Decendn 2003steady state stress perioagmnimang initial conditions.
January 2004 to May 20308 monthly stress periods.

Stress periods after this time remained the same as the prior model iteration. Details of these refinements are prt
AppenaiC.

Thisgroundwater modebkcribes a new simulation with the model using an amended field development plan for the |
and BGP.

7.1.1 Model Structure

The model domain is approximately 157 km wide (west to east direction) and 395 km long (riontha®s south direc
shown ifigure2?.
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The model domain was discretised and arranged into 22 layers comprising up to 18,082 cell nodes in each layer
dimensions of the cells varying according to the features that required representation. The following cell dimensic
adopted:

MGParea: ~200 x 200 m hexagonal cells aligned to in seam wells;
BGP area: ~1500 x 1500 Voronoi/rectangle cells centred on downhole CSG production wells;
faults: ~1000 x 1000 centred on either side of fault trace;
surficial aquifer systems (e.g. bas@@) x1.000m centred either side of aquifer extents; and
major drainage systems: ~500 x 500m centred along river lines proximal to the MGP.
Overall, the model comprised 188,516 cells across the 22 layers. Groundwater layer types were pbéscribed as ca

|l ayers, with unsaturated flow represented using th
regional geological model

Table21 ModelLayers

Model Layer Formation/Group Unit
uaternar .

1 AIIuvium(? weather)e/d material Surficial Coverag
Tertiary sediments (Duringa), Bé . L

2 (A}\/nakie) & Mog)layer?]b)er Tertiary, Triassig

3 Clematis Sandstone Triassic

g Rewan/Rangal Coal Measur Lei;:rrzgrsdstl(s:eam

6 Interburden

7 Rangal Coal Measures (RCM Vermont seam

8 FCCM

9 FCCM

10 FCCM

11 Q Seam

12 Fort Cooper Coal Measures (FC Interburden

13 P seam

14 Interburden

15 GM seam

16 Interburden

17 GML seam

13 Moranbah Coal Measures (MC IS$$:£2?

20 Interburden

21 DYR seam

22 Collinsville, Back Creek Grou| Permian baseme

Boundary conditions included Recharge (RCH), Evapotranspiration (EVT), General Head Boundary (GHB), River (
Basic (BAS) packages.

7.1.2 Specific Storage

Since 2017, several papers have been released highlighting likely physical upper areldtmgitdepadsic

storage. Specific storage represents the volume of water a portion of an aquifer (or aquitard) releases$ from storage
change in hydraulic head, under full y asanlyberredebsedd c or
from the decompression of the water, or compression of the aquifer.

To determine the magnitude and range for elastic storage, it is hecessary to first understandahsatempressibility
the compressibility of the aquifer niagfixcentains the groundwater and the compressibility of the individual aquife
grains themselves.
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Pells (2017) presented the following equation for specific storage based on poroelastic theory as part of a revi
proposed underground coal minOYSES o "1+ 0 pL)I; pU) +—Jo].

Wher¢€ o is the density of wal@is the gravitational constanis water compressibiiiy,s Po i skisothed s r af
bulk modulusy is water compressibility ~aisdotal porosity.

Rau eal (2018) described their work calculating uniaxial specific storage from undrained poroelastic properties,
bulk modus, loading efficiency aBioth¢illiscoefficient. Specific storage was then derived using Loading efficiency
(LE), derivedofn Barometric efficiency, the confined bulk medulasd( the BiWillis coefficient)( as:

Y="0"Q wd Opl 0)O

Rau tested the methodology using field datasets collected at two sites with sand andithiapgiesniRzted
undertook a theoretical analysis using the equation outlined above to derive the physicahtiraitd 4231010

Smt

Although the theoretically derived bounds presented in Rau (2018) use different combimadigintodhel &stlts

(2017) equation, and the relationships between the parameters possess inherent uncertainty at their upper ar
bounds, the results are consistent with the Pells (2017) relationship.

Assessment of specific storage in the modietieveeken (AGE 2020) and suggests that on average a lower specific
storage maybe more appropriate. The use of a lower storage value leads to some increases in the area of impact,
a lower storage also leads to faster recoveries of pressotkgpost p
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7.2 Calibration

The updated groundwater model was calibrated-déetopreent steady state run and a transient fa@{2p00
using available groundwater level records and documented production rates.

The steady state and transient nmodédted water levels in all available monitoring bores within the hydrostratigraph
units. A total of 529 monitoring points were used to calibrate the model, comprising:

47 Arrow Energy transient monitoring locations; and
482 government daddholder monitoring locations (steady state).

Figure8presents the observation bores that were used in the calibration.

Figure28 Observation Locations

Throughout the observation dataset the frequency of observations vary between bores, hence the number of ¢
records for each bore varies. To overcome this, the observation data was weighted to normalise thererror on a bor
basis. Weighting to each bore was applied by using the following equation:

V'Q@WA'QE Oi QI VIGDAEIERE® W

n= number of observation records at a monitoring location.
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