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24.2 Pilot Points

Pilot points’ were used to model the spatial variability of horizontal and vertical hydraulic
conductivity parameters (and specific yield, in the case of the Isaac River Alluvium) in some
modelled geologic units (i.e. hydrogeological zones). Pilot points were placed in the Isaac
River Alluvium and weathered formations (Layer 2), as well as any coal bearing formation, or
formation with at least ten observation bores in the calibration database (Table 2-3).

The pilot point locations for each layer are presented in Appendix B. Pilot point locations
were chosen using Delauney triangulation with observation target locations forming the
vertices of the triangles. Pilot points were placed on the triangle centroids. Additional pilot
points were placed at regular 5 km intervals around the outline of each formation, and along
the edges of the Isaac River channel. Some additional pilot points were manually placed in
areas that were not covered in the triangulation step to allow for some spatial variability
within these areas. Compared to the previous version of the Model, additional pilot points
were added at Isaac Downs/Isaac Downs Extension. In total, there are 2740 pilot point
locations in the model. A breakdown of the counts is provided in Table 2-3.

Pilot point covariance matrices were constructed using a combination of the PEST ultilities
MKPPSTAT and PPCOV_SVA (Hugman, 2021). These utilities were used to generate
covariance matrices built from multiple automatically generated local variogram models
where the variogram range is a function of the average distance between each point and a
number of its nearest neighbours. This allows for a spatially dependent heterogeneity in the
parameter field, where higher heterogeneity is expected where there is a greater density of
pilot points. The chosen model variograms were exponential and isotropic. The number of
nearest neighbours used to calculate the average pilot point separation was 10, and the
variogram range for each local variogram was set to approximately 4.5 times the average
separation between each point and its 10 nearest neighbours. Pilot point covariance
matrices were generated independently for each geologic zone in the groundwater model

' Points within a spatial field at which optimal property values are determined by a calibration process,

considering the spatial correlation between points.
3
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2.5 Model Stresses and Boundary Conditions

251 Regional Groundwater Flow

General Head Boundary (GHB) conditions have been specified along the entire model
boundaries as represented in Figure 1-1. The GHB boundary condition is used to represent
the regional flow into and out of the model area and was assigned using GHB cells in all
layers using pre-mining head elevations. Groundwater will enter the model where the head
in the GHB is higher than the modelled head in the adjacent cell, and will leave the model
when the water level is lower in the GHB. GHB conductance is calculated using the hydraulic
conductivity and the dimensions of each GHB cell and is therefore variable in this model due
to variable cell size.

Multiple GHB zones have been defined within each layer, covering the entire model
boundary. The zones have been defined based on overburden thickness, aiming to achieve
a reasonable and consistent grouping.

Transient heads from the previous version were employed as starting heads. The transient
heads and conductance factor were changed during the calibration process.

2.5.2 Watercourses

Maijor rivers, including the Isaac River, as well as minor creeks, were built into the model
using the MODFLOW-USG RIV package. River cells in the model are shown in Figure 2-3,
and streams within the model included in the RIV package are listed in Table 2-4. To
prepare the minimum elevation data for the river cell package, topography data were used to
export the minimum elevation for all rivers, including the Isaac River and its tributaries,
shown in Figure 2-3. The riverbed elevation was then smoothed to ensure that the rivers
could flow through their designated paths. To smooth the riverbed elevation, all river cells
were labelled based on the river flow path. Using the overall river slope and the highest point
elevation, the elevation of each cell centre was then calculated.

Surveyed river stage data was collected at various locations along the Isaac River. The
closest gauging stations to the site are at Goonyella and Deverill, located in the northern and
central parts of the model, respectively. River stage data from the Deverill station was used
for the Isaac River, as the data available from the Goonyella station was insufficient for
analysis.

River stage measurements, flow duration curves, flow measurements, and historic rating
curves for the Deverill Station (Station number 130410A) were downloaded from the
Queensland Government Water Monitoring Information Portal (WMIP). River stage data
were adjusted based upon the historic rating curves to reflect a stage height and frequency
that is consistent with periods of flow within the Isaac River, as indicated by the flow records,
historic rating curves, and flow duration curves. The adjustments result in zero stage heights
when there is no measured flow, and variable stage heights when there is flow.

Tributaries were activated only during periods when the Isaac River was flowing, assuming
concurrent flow conditions. Surveyed river stage data were available at several locations
along the Isaac River. Table 2-4 shows the river and surface water features represented in
the model, including the stage data used for each model period and stage group.
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Table 2-4 River and Surface Water Features in the Model

Model Period

River Stage Data
per Stage Group

Stage Group 2

Steady State | Median Isaac Grosvenor Creek; Conrock Gully; Cherwell Creek;
and Pre- (1968-2025) River Coalhole Creek; Harrow Creek; Kennedy Creek;
Calibration Sawmill Creek; Barrett Creek; Boomerang Creek;
Calibrati Quarter] di Hughes Creek; One Mile Creek; Phillips Creek;
alioration p;raét?e:s)/srggrifdn Ripstone Creek; Smoky Creek; Billys Gully; New
(Jan 1988 to Dec Chum Creek; North Creek.
2025)
Prediction Median
(1968-2025)
2.0
15
E =
) 1.0
0.5
0.0 . — — — —I =
2008 2010 2012 2014 2016 2018 2021 2023 2025

Isaac_River

Phillips Creek

Grosvenor Creek

Smaky Creak

Figure 2-4 River Stage Setup
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Rainfall Recharge

——— Billy's Gully

Conrock Gully

Year

Cherwell Creek

—— Ripstone Creek

————— New Chum Creak = = = North Creek

The dominant mechanism for recharge to the groundwater system is through diffuse
infiltration of rainfall through the soil profile and subsequent deep drainage to underlying
groundwater systems. Diffuse rainfall recharge to the model was represented using the
MODFLOW-USG Recharge package (RCH).

The recharge rates were established through the calibration process, with bounds based on
the conceptual understanding of the system and comparing them with other groundwater
models prepared for the region.
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2.8.4 Calibration Parameters

The following parameters are able to vary during calibration to provide the best match
between the measurements and the model simulated levels:

o Hydraulic Properties: Horizontal and vertical hydraulic conductivity, storage
properties (specific storage and specific yield), and maximum depth for depth
dependence correction are allowed to vary between minimum and maximum ranges
consistent with the available data and conceptualisation.

¢ Evapotranspiration Extinction Depths: Extinction depths are allowed to vary for
each modelled evapotranspiration zone, and for spoil rock created during mining
activities.

e Recharge: Transient recharge is based on the AWRA-L climate model’s simulated
deep drainage values. Multipliers are applied to this transient recharge rate for each
geologic recharge zone. These multipliers are allowed to vary during calibration.
Spoil is also given its own recharge rate multiplier in calibration.

o General Head Boundaries: Both the water level of the general head boundaries in
each layer and the conductance of the boundary in each layer are subject to variation
during calibration.

¢ River Conductance: River conductance is allowed to vary for each modelled river
reach.

2.8.5 Parameter Setup and Prior Parameter Uncertainty

Table 2-6 to Table 2-13 represents prior values for the different parameters to be used in
the Monte Carlo simulations, with their lower, upper, mean, and standard deviation values
specified. They represent the initial assumptions or distributions assigned before running the
simulations, providing a basis for uncertainty analysis and probabilistic modelling. Prior
values for GHB parameters are presented in Appendix B.

The ensemble of realisations calibrated using the previous Model version (version 5.1, see
Table 1.1) were reviewed to inform parameters’ prior distribution. The mean values for all
parameters’ prior distribution have been updated using the median of the 100 most likely
realisations. The 100 most likely realisations were selected based on likelihood (see Section
2.8.2.3) and evaluated against the full regional calibration dataset.

For hydraulic properties in zones that include pilot points, both the standard deviation and
mean values are updated following the addition of new pilot points to the model, as
discussed in Section 2.4.2. In addition, the upper bounds for fault zones and river
conductance are reduced. The model is run with a large number of parameter sets and is
calibrated locally using site-specific bores. The calibration results are reported separately for
each project, using the specific realisations and parameter sets used for the corresponding
predictive models.
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Table 2-6 Prior Parameter Ranges for Hydraulic Conductivity and Depth Dependence

Min Value Max Value Mean value
for for for Std Value
. Maximum Maximum Maxi for Depth
. Max Mean Std Min Max | Mean Std aximum or uep
Geology MinKx0 1 kxo | 'kx0 | Kx0* | Kz/Kx |KzlKx| Kz/Kx |Kkzkx+| DePthfor | Depthfor | Depthfor | for Depth

Depth Depth Depth Dependence
(m/day) | (m/day) | (m/day) Dependence | Dependence | Dependence | Correction

Correction | Correction | Correction (m)

(m) (m) L)

Unit (m/day)

Surface

Alluvium 1 | Surtac 1 0.001 50 06 | 058 |0001| 1 | 001 | 058 _ _ _ _
Isaac Isaac River

River saac River | 4 0.001 | 871 | 007 | 059 |0.0001| 1 | 0004 | 07 |_ _ _ _
Alluvium 2

Regolith * g‘g’\',f:fe 1 0001 | 646 | 006 | 04 [00001| 1 | .003 | 08 _ _ _ _

Weathered | Surface |1 g5 | 0001 | 646 | 033 | 039 |0001| 1 | 001 | 0.41 _ _ _ _
Permian Cover

Duaringa Surface

Formation 1&2| 0.001 6.46 0.04 0.68 | 0.001 1 0.004 | 0.55 _ _ _ _
1 Cover

Tertiary | Tertiary 148 2| 0001 | 316 | 003 | 05 |0001| 1 | 001 | 056

Basalt ' Basalt - - - -

Regolith 2 g”rface 2 0.001 6.46 0.06 0.4 |0.0001| 1 | 0003 | 08 B B B B
over

Rewan? |Triassic |3 0.001 123 0.25 0.8 |0.0001| 1 | 0.004 | 077 0 250 71.30 36.93

Rangal

Coal Interburden | 4 0.0001 | 1233 | 0005 | 05 |0.001 | 1 0.01 | 0.41 0 350 177.95 32.69

Measures

1

3%
33
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Min Value Max Value | Mean value
for for for Std Value
. Maximum Maximum Maximum for Depth
. Max Mean Std Min | Max | Mean Std P
Geology Layer| MinKx0 4 yevo Kx0 | Kx0* | KzKx |KzKx| KzlKx |Kzkx+| DePthfor | Depthfor | Depthfor | for Depth
Unit (m/day) Depth Depth Depth Dependence
(m/day) | (m/day) | (m/day) Dependence | Dependence | Dependence | Correction
Correction | Correction | Correction (m)
(m) ()] (m)
Rangal
Coal Leichharat 5 0.001 123 0.35 0.76 |0.0001 .004 0.76 0 350 119.31 55.46
Measures | Seam
2
Rangal
I(\D/Ioal Interburden | 6 0.0001 12.3 0.002 0.56 | 0.001 0.01 0.39 0 350 130.21 62.80
easures
1
Rangal
Coal vermont |4 0.001 123 0.5 0.78 |0.0001 0.004 | 0.77 0 350 204.28 38.71
Measures | Seam
2
Rangal
'(\3/Ioal Interburden | 8 0.0001 12.3 0.002 0.54 | 0.001 0.01 0.39 0 350 129.76 38.41
easures
1
Fort
Cooper
Coal Interburden | 9 0.0001 12.3 0.03 0.81 |0.0001 0.003 0.81 0 150 73.16 17.31
Measures
2
Fort
Cooper Fort
Coal Cooper 10 0.001 123 0.24 0.86 |0.0001 0.003 0.84 0 350 105.99 48.88
Measures | Seams
2
3
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Min Value " EVAYEIT) Mean value

for for for Std Value
. Maximum Maximum Maximum for Depth
Max Mean Std Min Max | Mean Std P
Geology Unit | Layer KxO | KxO | Kx0* | KzlKx |KzlKx| KzlKx |kzkx+| DePihfor | Depthfor | Depthfor | for Depth
Unit Depth Depth Depth Dependence
(m/day) | (m/day) | (m/day) Dependence | Dependence | Dependence | Correction
Correction | Correction Correction (m)
() (m) (m)
Fort
Cooper
Coal Interburden | 11 0.0001 12.3 0.003 0.84 0.001 1 0.01 0.3 0 350 126.54 41.78
Measures
p
Moranbah
I(\)/Ioal Q Seam 12 0.001 123 0.21 0.87 |0.0001 1 0.002 0.85 0 350 254.68 39.42
easures
2
Moranbah
R)Aoal Interburden | 13 0.0001 12.3 0.01 0.51 0.001 1 0.1 0.38 0 350 258.82 34.22
easures
1
Moranbah
IC\Z/IoaI P Seam 14 0.001 123 0.19 0.86 |0.0001 1 0.004 0.86 0 350 168.84 34.91
easures
2
Moranbah
ﬁ)ﬂoal Interburden | 15 0.0001 12.3 0.002 0.67 0.001 1 0.01 0.36 0 350 236.42 27.29
easures
1
Moranbah
ﬁ)/loal H Seam 16 0.001 123 0.21 0.85 |0.0001 1 0.004 0.84 0 350 128.39 39.58
easures
2

3%
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Geology

Unit

Unit

Layer

Min Kx0
(m/day)

Max
Kx0

(m/day)

Mean
Kx0

(m/day)

Std
Kx0*

(m/day)

Min

Kz/Kx | Kz/Kx

Max

" EVAYEIT)
for
Maximum
Depth for Depth for Depth for
Depth Depth Depth
Dependence | Dependence | Dependence
Correction | Correction Correction

(m) (m) (m)

Min Value
for
Maximum

Mean value
for
Maximum

Std Value
for Depth
for Depth
Dependence
Correction

L)

Std
Kz/Kx *

Mean
Kz/Kx

Moranbah

Coal Interburden [17 | 0.0001 | 123 | 0002 | 069 |0001| 1 | 003 | 052 0 350 174.00 36.09
Measures

1

Moranbah

Coal DSeam |18 0.001 123 | 015 | 083 |00001| 1 | 0.003 | 0.84 0 350 118.72 36.93
Measures

2

Moranbah

Coal Interburden [19 | 0.0001 | 123 | 001 | 091 |0001| 1 | 004 | 04 0 350 102.66 40.77
Measures

1

lgneous 11 1 4 0E-07 |1.0E-05| 1.0E-06 | 05 |0001| 1 | 001 | 05 ~ ~ ~ ~
Zone 19

1 Pilot Points are not included; 2 Pilot Points are included; * Standard deviation, excluding depth dependence, values have been logarithmically transformed (base 10)
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Table 2-7 Prior Parameter Ranges for Hydraulic Properties (Sy and Ss)

Geology Unit

Mean Ss

(m-1)

Alluvium Surface Cover |1 1.0X10-03 |2.0X10-01 |1.4X10-02 |[3.5X10-01 | 1.0X10-07 |1.0X10-05 |2.1X10-06 |3.6X10-01
Isaac River Alluvium * fﬁf\;ﬂ"er 1 1.0X10-03 |2.0X10-01 |1.2X10-02 |6.3X10-01 | 1.0X10-07 |1.0X10-05 |2.1X10-06 |3.6X10-01
Regolith Surface Cover |1 1.0X10-03 |5.0X10-02 |1.6X10-02 |3.8X10-01 | 1.0X10-07 |1.0X10-05 |5.8X10-07 |2.9X10-01
Weathered Permian | Surface Cover |1 &2 [1.0X10-03 |5.0X10-02 |4.3X10-03 |3.2X10-01 |1.0X10-07 |1.0X10-05 |1.2X10-06 |4.9X10-01
Duaringa Formation Surface Cover 1&2 [1.0X10-03 |5.0X10-02 |3.3X10-03 |3.0X10-01 |1.0X10-07 |1.0X10-05 |9.0X10-07 |3.4X10-01
Tertiary Basalt Tertiary Basalt | 1&2 |1.0X10-03 |5.0X10-02 |1.1X10-02 |4.6X10-01 | 1.0X10-07 |1.0X10-05 |5.3X10-07 |5.4X10-01
Regolith Surface Cover |2 1.0X10-03 |5.0X10-02 |1.4X10-02 |[2.5X10-01 | 1.0X10-07 |1.0X10-05 |1.4X10-06 |2.8X10-01
Rewan Triassic 3 1.0X10-04 |2.0X10-02 |3.4X10-03 |3.3X10-01 | 1.0X10-07 |1.0X10-05 |4.5X10-07 |3.7X10-01
Rangal Coal Measures | Interburden 4 1.0X10-04 |2.0X10-02 |2.1X10-03 |3.6X10-01 | 1.0X10-07 |1.0X10-05 |4.1X10-07 |3.4X10-01
Rangal Coal Measures |Leichhardt Seam |5 1.0X10-04 |2.0X10-02 |1.9X10-03 |2.7X10-01 | 1.0X10-07 |1.0X10-05 |4.5X10-07 |4.5X10-01
Rangal Coal Measures | Interburden 6 1.0X10-04 |2.0X10-02 |3.9X10-03 |3.1X10-01 | 1.0X10-07 |1.0X10-05 |6.1X10-07 |2.9X10-01
Rangal Coal Measures | Vermont Seam 7 1.0X10-04 |2.0X10-02 |2.5X10-03 | 3.9X10-01 | 1.0X10-07 |1.0X10-05 |5.2X10-07 |3.9X10-01
Rangal Coal Measures | Interburden 8 1.0X10-04 |2.0X10-02 |7.3X10-04 |2.4X10-01 | 1.0X10-07 |1.0X10-05 |8.6X10-07 |2.9X10-01
:,g;gj?,ggercoa' Interburden 9 1.0X10-04 |2.0X10-02 |1.1X10-03 |4.3X10-01 |1.0X10-07 |1.0X10-05 |3.2X10-07 |3.3X10-01
Fort Cooper Coal Fort Cooper
Moasiron Somrme 10 |1.0X10-04 |2.0X10-02 |7.2X10-04 |3.5X10-01 | 1.0X10-07 |1.0X10-05 |7.8X10-07 |3.3X10-01
:,g;gj?,ggercoa' Interburden 11 |1.0X10-04 |2.0X10-02 |1.7X10-03 |4.4X10-01 | 1.0X10-07 |1.0X10-05 |7.4X10-07 |3.0X10-01
mggﬁgz Coal Q Seam 12 |1.0X10-04 |2.0X10-02 |2.0X10-03 |3.7X10-01 | 1.0X10-07 |1.0X10-05 |1.4X10-06 |3.1X10-01
1
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Geology Unit ‘

Layer

Min Sy ‘ Max Sy

Mean Sy

Min Ss
(m-1)

Max Ss
(m-1)

Mean Ss
(m-1)

Std Ss
(m-1)

mg;ﬁtﬁgg Coal Interburden 13 |1.0X10-04 |2.0X10-02 |2.1X10-03 |4.1X10-01 |1.0X10-07 |1.0X10-05 |6.1X10-07 |3.5X10-01
mg;ﬁtﬁgg Coal P Seam 14 |1.0X10-04 |2.0X10-02 |5.7X10-04 |5.2X10-01 | 1.0X10-07 |1.0X10-05 |9.4X10-07 |3.0X10-01
mg;as’l:?:: Coal Interburden 15 [1.0X10-04 |2.0X10-02 |1.8X10-03 |3.8X10-01 |1.0X10-07 |1.0X10-05 |1.5X10-06 |2.7X10-01
woranbah Coal H Seam 16 [1.0X10-04 |2.0X10-02 |1.2X10-03 |2.8X10-01 | 1.0X10-07 |1.0X10-05 |8.9X10-07 |3.1X10-01
woranbah Coal Interburden 17 [1.0X10-04 |2.0X10-02 |2.2X10-03 |3.3X10-01 | 1.0X10-07 |1.0X10-05 |5.8X10-07 |5.0X10-01
woranbah Coal D Seam 18 [1.0X10-04 |2.0X10-02 |5.3X10-04 |4.1X10-01 |1.0X10-07 |1.0X10-05 |5.3X10-07 |3.7X10-01
woranbah Coal Interburden 19 [1.0X10-04 |2.0X10-02 |1.1X10-03 |3.7X10-01 | 1.0X10-07 |1.0X10-05 | 1.0X10-06 |3.8X10-01
Igneous Zone 162 [1.0x10-04 |1.0x10-02 |1.0X10-03 [5.0X10-01 | 1.0X10-07 | 1.0X10-05 |5.0X10-06 |5.0X10-01
* Pilot Points are included in the specific yield, in the case of the Isaac River Alluvium
-
38 3:?
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Table 2-8 Parameter Ranges for Hydraulic Conductivity and Depth Dependence (Faults)

Min Value Max Value

Mean value

for for for Maximum S VEITD
. . Maximum Maximum for Depth for
Min Max Mean Min Max Mean Depth for
Geology || \vor| Kx0 | Kx0 | Kx0 |SYKX01Gne Ikakx| kakx | Std | Depthfor ) Depth for Depth Dhfpids
Unit (m/day) Kz/Kx Depth Depth D d Dependence
(m/day) | (m/day) | (m/day) Dependence | Dependence | “¢PENCENCE | (& o ction
Correction | Correction Corl('s‘c)tlon (m)
(m)
Faults1 | 4to | 0.001 12.3 0.20 0.54 0.001 1 0.004 0.45 0 350 146.31 40.17
13
Faults1 | 4to | 0.0001 12.3 0.34 0.46 0.001 1 0.01 0.58 0 350 255.11 40.57
13
Faults1 | 4to | 0.0001 12.3 0.00 0.57 0.001 1 0.01 0.50 0 350 151.23 60.67
13
Faults1 | 4to | 0.001 12.3 0.03 0.49 0.001 1 0.01 0.29 0 250 112.60 39.64
13
Faults1 |4to6 | 0.001 12.3 1.07 0.62 0.001 1 0.00 0.41 0 350 241.11 56.14
Faults 2 3 0.001 10 0.15 0.56 0.001 | 100 0.01 0.37 0 350 215.11 41.43
Faults 2 5 0.001 10 0.02 0.70 0.001 | 100 3.58 0.58 0 350 240.91 40.23
Faults 2 7 0.001 10 0.08 1.43 0.001 | 100 0.43 0.61 0 350 123.61 71.30
Faults 2 9 0.001 10 0.01 0.40 0.001 | 100 0.08 0.38 0 250 169.14 30.81
Faults 2 10 | 0.0001 10 0.00 0.73 0.001 | 100 0.38 0.53 0 350 112.27 50.15
Faults 2 12 0.001 10 0.04 0.53 0.001 | 100 0.02 0.52 0 350 116.30 56.02
Faults 2 14 0.001 10 0.03 0.62 0.001 | 100 0.02 0.95 0 350 202.33 56.55
Faults 2 16 | 0.0001 10 0.00 0.88 0.001 | 100 0.38 0.41 0 350 238.00 46.14
Faults 2 18 0.001 10 0.05 0.59 0.001 | 100 0.03 0.68 0 350 152.22 43.33
Faults 2 3 0.001 10 0.01 0.65 0.001 | 100 0.02 0.33 0 350 230.59 40.14
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Min Value Max Value M I
for for f e;ln vaiue Std Value
Maximum Maximum OB a);:rfnum for Depth for
Std Depth for | Depth for epth for Depth

Depth
Depth
- Dependence Depende_nce
. Correction
Correction

(m) o

Min Max Mean Min Max Mean
Geology || ,ver| Kx0 Kx0 Kxo | SYKXO | ok | Kalkx | KalKx

Unit (m/day) Kz/Kx Depth
) Dependence | Dependence

Correction | Correction

(m) (m)

(m/day) | (m/day) | (m/day

Faults 2 5 0.001 10 0.02 0.72 0.001 | 100 0.50 0.42 0 350 57.57 44.19
Faults 2 7 0.001 10 0.06 0.66 0.001 | 100 0.04 0.44 0 350 133.48 52.19
Faults 2 9 0.001 10 0.07 1.22 0.001 | 100 0.03 0.32 0 350 130.68 31.61
Faults 2 10 | 0.0001 10 0.00 0.53 0.001 | 100 0.01 0.42 0 350 108.26 43.70
Faults 2 12 0.001 10 0.33 0.47 0.001 | 100 0.15 0.57 0 350 230.37 47.37
Faults 2 14 0.001 10 0.03 0.71 0.001 | 100 0.04 0.41 0 350 217.50 53.97
Faults 2 16 0.001 10 0.45 0.49 0.001 | 100 1.69 0.42 0 350 82.85 52.14
Faults 2 18 | 0.0001 10 0.00 1.02 0.001 | 100 0.24 0.35 0 350 125.28 52.33
Faults 2 3 0.0001 10 0.00 0.49 0.001 | 100 0.06 0.43 0 350 84.33 59.47
Faults 2 5 0.0001 10 0.02 0.45 0.001 | 100 5.27 0.48 0 350 206.86 42.61
Faults 2 7 0.0001 10 0.00 0.51 0.001 | 100 1.14 0.46 0 250 94.22 58.29
Faults 2 9 0.001 10 0.02 0.52 0.001 | 100 5.39 0.43 0 350 244.09 50.69
Faults 2 10 0.001 10 0.01 0.67 0.001 | 100 1.67 0.52 0 350 194.29 46.67
Faults 2 12 0.001 10 3.93 0.54 0.001 | 100 1.60 0.42 0 350 131.51 40.55
Faults 2 14 | 0.0001 10 0.00 0.46 0.001 | 100 0.14 0.52 0 350 138.51 43.65
Faults 2 16 0.001 10 0.02 0.50 0.001 | 100 0.04 0.44 0 350 156.47 50.17
Faults 2 18 0.001 10 0.01 0.51 0.001 | 100 0.01 0.48 0 350 218.23 38.31
Faults 2 3 0.001 10 2.52 0.68 0.001 | 100 2.43 0.45 0 350 210.09 46.55

*e
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Min Value Max Value M I
for for f e;ln vaiue Std Value
Maximum Maximum OB a);:rfnum for Depth for
Std Depth for | Depth for epth for Depth

Min Max Mean Std Kx0 Min | Max | Mean
Geology || ,ver| Kx0 Kx0 Kx0 Kz/Kx | KzlKx | Kz/Kx

Unit (m/day) | (m/day) | (m/day) (miday) Kl Depi?\%t:nce Depzi%t:nce Depr;?'%t:"ce Dgopfrgg'taig‘r:le
Correction | Correction COF;’;C)UOI‘I (m)
(m) (m)
Faults 2 5 0.001 10 0.02 0.52 0.001 | 100 0.06 0.48 0 350 114.02 56.52
Faults 2 7 0.0001 10 0.10 0.59 0.001 | 100 1.84 0.58 0 350 241.00 38.21
Faults 2 9 0.001 10 0.01 0.50 0.001 | 100 0.06 0.52 0 350 147.55 40.05
Faults 2 10 0.001 10 0.01 0.49 0.001 | 100 0.01 0.38 0 350 230.33 47.88
Faults 2 12 0.001 10 0.18 0.49 0.001 | 100 0.03 0.57 0 350 118.70 39.73
Faults 2 14 0.001 10 0.01 0.69 0.001 | 100 0.05 0.47 0 350 168.63 48.41
Faults 2 16 0.001 10 0.03 0.62 0.001 | 100 0.04 0.39 0 350 141.30 43.15
Faults 2 18 | 0.0001 10 0.00 0.64 0.001 | 100 0.03 0.30 0 350 75.45 37.84
Faults2 3 0.001 10 0.04 0.47 0.001 | 100 0.07 0.46 0 350 140.87 79.15
Faults 2 5 0.0001 10 1.08 0.57 0.001 | 100 0.13 0.62 0 350 184.36 53.12
Faults 2 7 0.001 10 2.30 0.55 0.001 | 100 0.01 0.50 0 350 67.75 50.31

1 These specifically refer to fault properties in the geology zone that do not have pilot points
2 These specifically refer to fault properties in the geology zone that have pilot points
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Table 2-9 Prior Parameter Ranges for Hydraulic Properties (Sy and Ss) (Faults)

Geology Unit Mf:]:)SS
Faults' 3to19 | 1.0X10-04 | 5.0X10-02 2.0X10-03 3.0X10-01 1.0X10-07 | 1.0X10-05 6.8X10-07 3.2X10-01
Faults’ 3to19 | 1.0X10-04 | 5.0X10-02 1.3X10-03 4.2X10-01 1.0X10-07 | 1.0X10-05 7.2X10-07 4.1X10-01
Faults' 3to19 | 1.0X10-04 | 5.0X10-02 1.1X10-03 5.8X10-01 1.0X10-07 | 1.0X10-05 5.0X10-07 4.8X10-01
Faults’ 3to19 | 1.0X10-04 | 5.0X10-02 1.8X10-03 4.9X10-01 1.0X10-07 | 1.0X10-05 6.6X10-07 2.9X10-01
Faults’ 4107 1.0X10-04 | 5.0X10-02 1.9X10-03 3.2X10-01 1.0X10-07 | 1.0X10-05 6.1X10-07 3.2X10-01
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Table 2-10 Prior Parameter Ranges for Spoil Properties

Parameter Min Max Mean Std
Horizontal hydraulic conductivity (m/day) 0.01 5 0.24 0.66
Vertical hydraulic conductivity (m/day) 0.01 1 0.09 0.54
Specific Yield (%) 0.01 0.2 0.04 0.53
Specific Storage (1/m) 1.0x10-07 | 1.0x10-04 | 1.0x10-06 | 0.70

Table 2-11 Prior Recharge (% of rainfall) by Model Zone

Modol RechargeZone | Loer Jeof | Unper Yol | Mean eof | Sid_ o
Alluvium Isaac River Channel 0.02% 30% 0.2% 0.8%
Alluvium Isaac River 0.02% 15% 0.1% 0.7%
Alluvium (rest of the model) 0.02% 15% 0.1% 0.7%
Regolith 0.002% 10% 0.01% 0.7%
Weathered Permian 0.002% 10% 0.1% 0.7%
Duaringa Formation (Tertiary) 0.002% 10% 0.1% 1.7%
Tertiary Basalts 0.002% 10% 0.2% 0.6%
Spoil 1.00% 6% 2.6% 1.2%

Table 2-12 Prior Extinction Depth by Model EVT Zone

Model EVT Zone Lower (m) Upper (m) Std (m)
Alluvium 0.2 20 15.7 0.3
Regolith 0.2 20 2.1 0.3
Weathered Permian 0.5 20 21 04
Duaringa Formation 0.5 20 2.2 0.3
Tertiary Basalts 0.5 20 2.1 04
Permian Outcrop 0.2 15 0.6 0.3
Spoil 0.5 10 1.8 0.6
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Table 2-13 Prior Parameter Ranges for Riverbed Vertical Conductivity Properties

Model River Zone Lower - Ri\{e!'bed Vertical Upper - Ri\{e!'bed Vertical Mean - Riv_el:bed Vertical Std - Rive_rt_>ed Vertical
Conductivity (m/day) Conductivity (m/day) Conductivity (m/day) Conductivity (m/day)
Isaac River_Goonyella 0.00001 0.1 0.0005 0.5
Isaac River_Deverill 0.00001 0.1 0.0001 0.4
Grosvenor Creek 0.00001 0.1 0.0014 0.3
Conrock Gully 0.00001 0.1 0.001 0.4
Cherwell Creek 0.00001 0.1 0.0001 0.4
Ripstone 0.00001 0.1 0.0001 0.7
Phillips Creek 0.00001 0.1 0.0024 0.4
Smoky Creek 0.00001 0.1 0.0010 0.8
Billy’s Gully 0.00001 0.1 0.0008 0.6
New Chum Creek 0.00001 0.1 0.0002 0.3
North Creek 0.00001 0.1 0.001 0.4
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44



Stanmore ID Extension Pty Ltd 29 May 2026

Central Bowen Basin Regional Groundwater Model SLR Project No.: 620.041537.00006
Version 6.0 SLR Ref No.: 620.041537-R01-v3.0-
Groundwater Model Update Technical Report 20260529 Model_build_report.docx

3.0 Groundwater Model and Data Limitations

The groundwater modelling is conducted in accordance with the Australian groundwater
modelling guideline (Barnett et al. 2012) and the MDBC Groundwater Flow Modelling
Guideline (MDBC, 2001). These are mostly generic guides and do not include specific
guidelines on special applications, such as open cut mine modelling.

The model confidence level (Class 1, Class 2 or Class 3 in order of increasing confidence)
based on the Australian Groundwater Modelling Guidelines (Barnett et al. 2012) was
previously widely used in the industry. The latest version of the IESC Explanatory Note for
Uncertainty Analysis (Peeters and Middlemis, 2023) introduces a new concept on how
model confidence can be assessed. The document also indicates that this change will follow
in the next iteration of the Australian Modelling Guidelines and the new concept for
assessing model confidence is hence applied for this groundwater model.

The latest version of the IESC Explanatory Note for Uncertainty Analysis defines a model fit
for purpose when model results are:

e Usable — Relevant to the decision-making process, providing information about the
uncertainty in conceptualisations and modelling simulations in a way that allows
decision-makers to understand the effects of uncertainty on project objectives and
the effects of potential bias.

¢ Reliable — Demonstrate that the range of model outcomes is consistent with the
system knowledge and honours historical observations and provides objective
evidence that uncertainties affecting decision-critical predictions are not
underestimated.

e Feasible — Trade-offs due to budget, time and technical constraints are reasonable
and justifiable within the risk context of the project.

Table 3-1 presents a discussion of the model fit in relation to its intended purpose, with the
overarching objective of assessing the cumulative impacts of mining across the Bowen
Basin. Given that each project has its own specific objectives, a tailored assessment of
groundwater model limitations and data constraints will be provided for each application of
the model—particularly in the context of predictive modelling (that is not presented in this
report).

Table 3-1 Groundwater Model and Data Limitations and Potential Recommended

Updates
Type ’ Part ’ Status ‘ Comment
Structural/ Grid and Model | Fit for purpose. The groundwater model has an
Conceptual Extent unstructured Voronoi grid that includes

detailed cell refinement around the
mining area, mapped geological
structures and along drainage features.
The groundwater model extent was
designed to prevent boundary influence
on modelled drawdown/mounding.
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Type

Part

Layers

Status

Fit for purpose

Comment

Top of Layer 1 uses detailed Digital
Elevation Model (DEM) data.

Representation of alluvium and regolith
based on publicly available mapped
geology and Commonwealth Scientific
and Industrial Research Organisation
(CSIRO) (2015) regolith mapping.

Model vertical resolution is sufficient to
represent relevant geological units and
unstructured grid allows layer pinch out
where units not present.

Conceptualisati
on — Geological
Structure

Fit for purpose

Potential for further
assessment

The structure of the geology within the
mine area is based on mapped geology
and existing ground investigation at the
Mine, which is limited to bores drilled
within different lithologies.

Further ground investigation could
improve the site conceptualisation,
especially for the presence and
thickness of alluvium associated with the
Isaac River in areas outside of
geophysical surveys already
incorporated into the model..

Conceptualisati
on — GDEs

Fit for purpose
Potential for further
assessment

GDE data from national assessment and
local studies (where available) have
been considered when updating the
model mesh to ensure sufficient
discretisation in GDE areas.

Conceptualisati
on — Surface
Water
Groundwater
Interactions

Fit for purpose.

Key groundwater—surface water
interaction included are drainage
features and associated alluvium as well
as pit lakes.

Conceptualisati
on — Saturated
Extent of
Alluvium and
Regolith

Fit for purpose.
Potential for further
assessment.

Several monitoring bores for the regional
area are present within the alluvium in
the Isaac River and monitored regularly.

Further investigations and monitoring
could help assess flow dynamics along
the Isaac River.

Parameterisation

Hydraulic
Conductivity

Fit for purpose.
Future
improvements could
be made.

Limited site-specific hydraulic
conductivity data (horizontal) was
available.

Additional data (if available) should be
utilised to verify and update the model.

Rivers

Fit for purpose.
Improvements
possible.

Maijor rivers and creeks were
represented using the RIV package with
smoothed riverbed elevations. Stage
data from regional gauging stations were
adjusted to reflect the seasonal nature of
the Isaac River. Local stage data
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Type Part Status Comment
collection would improve future
assessments.

Recharge Fit for purpose Recharge zonation is based on mapped
surface geology and regional site
conceptualisation

Measurement Observation Fit for purpose Incorporation of any new groundwater
Error Data Quality Future level monitoring to refine the
improvements could | groundwater model in future.
be made.

Landholder Fit for purpose Publicly available private bore data were

Bore Data incorporated in the model calibration

Quality across the model domain.

Temporal Fit for purpose. Timeseries water level data with varying

spread Future resolution has been used in the model

improvements calibration.
possible.
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Cali . Moorvale | Caval Peak o - Peak - Lake Isaac - - - Isaac Isaac Olive
alibration Stress . Saraji | Grosvenor | Poitrel Poitrel Carborough Daunia | Millennium . .
Period Interval Period South Ridge Downs (0C) (UG) (0C) Downs (HWM) Vermont Downs (UG) Downs (0C) (0C) Plains Plains Downs
(oc) (0C) (oc) (UG) (oc) (oc) (oc) | East(OC) | (OC)
Warm-up 10 days |1 Transient Warm
up
Steady-state 2 Steady-state
Calibration |20 years |3 01-01- | 01-01- X X X X
1998 2008
Quarterly | 4 01-01- | 01-04- X X X X X
2008 2008
Quarterly | 5 01-04- |01-07- X X X X X
2008 2008
Quarterly | 6 02-07- |01-10- X X X X X
2008 2008
Quarterly | 7 01-10- |31-12- X X X X X
2008 2008
Quarterly | 8 31-12- | 01-04- X X X X X X
2008 2009
Quarterly |9 02-04- |02-07- X X X X X X X
2009 2009
Quarterly | 10 02-07- |01-10- X X X X X X X
2009 2009
Quarterly | 11 01-10- |31-12- X X X X X X X
2009 2009
Quarterly | 12 01-01- | 02-04- X X X X X X X
2010 2010
Quarterly | 13 02-04- |02-07- X X X X X X X
2010 2010
Quarterly | 14 02-07- |01-10- X X X X X X X
2010 2010
Quarterly | 15 01-10- |31-12- X X X X X X X
2010 2010
Quarterly | 16 01-01- | 02-04- X X X X X X X
2011 2011
Quarterly | 17 02-04- |02-07- X X X X X X X
2011 2011
Quarterly | 18 02-07- |01-10- X X X X X X X
2011 2011
Quarterly | 19 02-10- |01-01- X X X X X X X
2011 2012
Quarterly | 20 01-01- | 01-04- X X X X X X X
2012 2012
Quarterly | 21 01-04- |01-07- X X X X X X X
2012 2012
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Cali . Moorvale | Caval Peak o - Peak - Lake Isaac - - - Isaac Isaac Olive
alibration Stress . Saraji | Grosvenor | Poitrel Poitrel Carborough Daunia | Millennium . .
Period Interval Period South Ridge Downs (0C) (UG) (0C) Downs (HWM) Vermont Downs (UG) Downs (0C) (0C) Plains Plains Downs
(OC) (OC) (OC) (UG) (OC) (OC) (OC) East (OC) (OC)
Quarterly | 22 02-07- |01-10- X X X X X X X
2012 2012
Quarterly | 23 01-10- |31-12- X X X X X X X
2012 2012
Quarterly | 24 31-12- | 01-04- X X X X X X X X
2012 2013
Quarterly | 25 02-04- | 02-07- X X X X X X X X
2013 2013
Quarterly | 26 02-07- |01-10- X X X X X X X X
2013 2013
Quarterly | 27 01-10- |31-12- X X X X X X X X
2013 2013
Quarterly | 28 01-01- | 02-04- X X X X X X X X
2014 2014
Quarterly | 29 02-04- |02-07- X X X X X X X X
2014 2014
Quarterly | 30 02-07- |01-10- X X X X X X X X
2014 2014
Quarterly | 31 01-10- |31-12- X X X X X X X X
2014 2014
Quarterly | 32 01-01- | 02-04- X X X X X X X X X
2015 2015
Quarterly | 33 02-04- |02-07- X X X X X X X X X
2015 2015
Quarterly | 34 02-07- |01-10- X X X X X X X X X X
2015 2015
Quarterly | 35 02-10- |01-01- X X X X X X X X X X
2015 2016
Quarterly | 36 01-01- | 01-04- X X X X X X X X X X
2016 2016
Quarterly | 37 01-04- |01-07- X X X X X X X X X X
2016 2016
Quarterly | 38 02-07- |01-10- X X X X X X X X X X
2016 2016
Quarterly | 39 01-10- |31-12- X X X X X X X X X X
2016 2016
Quarterly | 40 31-12- | 01-04- X X X X X X X X X X
2016 2017
Quarterly | 41 02-04- | 02-07- X X X X X X X X X X
2017 2017
Quarterly | 42 02-07- |01-10- X X X X X X X X X X
2017 2017
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Stanmore |ID Extension Pty Ltd SLR Project No.: 620.041537.00006
Central Bowen Basin Regional Groundwater Model Version 6.0 SLR Ref No.: 620.041537-R01-v3.0-20260529_Model_build_report.docx

Cali . Moorvale | Caval Peak o - Peak - Lake Isaac - - - Isaac Isaac Olive
alibration Stress . Saraji | Grosvenor | Poitrel Poitrel Carborough Daunia | Millennium . .
Period Interval Period South Ridge Downs (0C) (UG) (0C) Downs (HWM) Vermont Downs (UG) Downs (0C) (0C) Plains Plains Downs
(OC) (OC) (OC) (UG) (OC) (OC) (OC) East (OC) (OC)
Quarterly |43 01-10- |31-12- X X X X X X X X X X
2017 2017
Quarterly | 44 31-12- | 01-04- X X X X X X X X X X X
2017 2018
Quarterly | 45 01-04- |01-07- X X X X X X X X X X X
2018 2018
Quarterly | 46 01-07- | 30-09- X X X X X X X X X X X X
2018 2018
Quarterly | 47 30-09- |31-12- X X X X X X X X X X X X
2018 2018
Quarterly | 48 31-12- | 01-04- X X X X X X X X X X X X
2018 2019
Quarterly | 49 01-04- |01-07- X X X X X X X X X X X
2019 2019
Quarterly | 50 01-07- | 01-10- X X X X X X X X X X X
2019 2019
Quarterly | 51 01-10- |31-12- X X X X X X X X X X X
2019 2019
Quarterly | 52 31-12- | 31-03- X X X X X X X X X X X
2019 2020
Quarterly | 53 31-03- | 30-06- X X X X X X X X X X X
2020 2020
Quarterly | 54 30-06- |30-09- X X X X X X X X X X X
2020 2020
Quarterly | 55 30-09- |31-12- X X X X X X X X X X X
2020 2020
Quarterly | 56 01-01- | 01-04- X X X X X X X X X X X X
2021 2021
Quarterly | 57 02-04- |01-07- X X X X X X X X X X X X
2021 2021
Quarterly | 58 02-07- | 30-09- X X X X X X X X X X X X
2021 2021
Quarterly | 59 01-10- | 31-12- X X X X X X X X X X X X
2021 2021
Quarterly | 60 01-01- | 01-04- X X X X X X X X X X X X
2022 2022
Quarterly | 61 02-04- |01-07- X X X X X X X X X X X X
2022 2022
Quarterly | 62 02-07- |30-09- X X X X X X X X X X X X
2022 2022
Quarterly | 63 01-10- |31-12- X X X X X X X X X X X X
2022 2022




29 May 2026
Stanmore |ID Extension Pty Ltd SLR Project No.: 620.041537.00006
Central Bowen Basin Regional Groundwater Model Version 6.0 SLR Ref No.: 620.041537-R01-v3.0-20260529 Model_build_report.docx

Cali . Moorvale | Caval Peak o - Peak - Lake Isaac - - - Isaac Isaac Olive
alibration Stress . Saraji | Grosvenor | Poitrel Poitrel Carborough Daunia | Millennium . .
Period Interval Period South Ridge Downs (0C) (UG) (0C) Downs (HWM) Vermont Downs (UG) Downs (0C) (0C) Plains Plains Downs
(OC) (OC) (OC) (UG) (OC) (OC) (OC) East (OC) (OC)
Quarterly | 64 01-01- | 01-04- X X X X X X X X X X X X
2023 2023
Quarterly | 65 02-04- |01-07- X X X X X X X X X X X X
2023 2023
Quarterly | 66 02-07- | 30-09- X X X X X X X X X X X X X
2023 2023
Quarterly | 67 01-10- | 31-12- X X X X X X X X X X X X X
2023 2023
Quarterly | 68 01-01- | 01-04- X X X X X X X X X X X X X
2024 2024
Quarterly | 69 02-04- |01-07- X X X X X X X X X X X X
2024 2024
Quarterly | 70 02-07- | 30-09- X X X X X X X X X X X X
2024 2024
Quarterly | 71 01-10- |31-12- X X X X X X X X X X X X
2024 2024
Quarterly | 72 01-01- | 01-04- X X X X X X X X X X X X
2025 2025
Quarterly | 73 02-04- |01-07- X X X X X X X X X X X X
2025 2025
Quarterly | 74 02-07- | 30-09- X X X X X X X X X X X X
2025 2025
Quarterly | 75 01-10- |31-12- X X X X X X X X X X X X
2025 2025
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Appendix B Hydraulic Parameters
and Pilot Point
Locations

Central Bowen Basin Regional Groundwater Model Version
6.0

Groundwater Model Update Technical Report
Stanmore ID Extension Pty Ltd
SLR Project No.: 620.041537.00006

29 May 2026
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