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9.0 NUMERICAL GROUNDWATER MODEL

9.1 Modelling Objectives and Summary

The numerical model for the Project Boundary has been designed to answer the key study
objectives, including:

¢ Change in groundwater flow to and from the Hunter River alluvium;
e Drawdowns in the potentiometric level due to mining;

e Effects on local registered bores and GDEs;

e Predictions of seepage inflows to the pit void; and

e Recovery in lake water level in the final Project void.

The Bengalla groundwater model has had a progressive development incorporating information
from pre-existing models for the site and adjacent mines over many years. The most recent model
(AGE 2007) modelled groundwater levels from the start of mining in 1999 until 2017 and was
designed to predict the impact of the Wantana Extension

For the purposes of modelling, a 21-year mine plan commencing 1 January 2014 was added to the
model, along with a revised timing schedule. Modifications were also made to the implementation
and timing of MAC to the south, including its currently proposed extension, and a revised timing for
MTP to the north.

Current monitored water level data post 2007 and a survey of river levels adjacent to Bengalla was
used to update the steady state® model calibration. The number of elements in the model mesh
were reduced to reduce the model run time and allow limited transient model recalibration over the
AGE (2007) study.

9.2 Model Software

The finite-element simulation package FEFLOW (Diersch, 2005) simulated the impact of the
Project, including the currently approved Bengalla operations and mining activities of neighbouring
mines on the groundwater regime. FEFLOW is a high-end groundwater flow modelling package,
capable of simulating two and three-dimensional, density-coupled groundwater flow, mass and
heat transport in saturated and unsaturated media. Since its creation in 1979, FEFLOW has been
continuously improved. The FEFLOW source code is written in ANSI C/C++ and contains more
than 1,300,000 lines. FEFLOW is used worldwide as a high-end groundwater modelling tool at
universities, research institutes, government offices and consulting engineering companies. It has
been previously applied successfully on several projects for mine development in the Upper
Hunter Valley.

9.3 Model Settings

The model was developed using both steady state and transient modes using the free and
movable model setting. In this mode, the top slice is adjusted automatically to the elevation of the
groundwater table. All other slices are distributed along the top and bottom of the saturated model
layers, preserving the original material distribution. This so-called Best-Adaptation-to-Stratigraphic-
Data (BASD) technique is also useful if applying drainage boundary conditions for Project

® Steady state simulation was used to generate a starting condition to the transient simulation.
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dewatering. The node, on which such a boundary condition is set, automatically moves to the
corresponding elevation in the model. Running FEFLOW in this mode negates modelling
instabilities associated with the simulation on the unsaturated zone.

The model was run using the PCG solver with automated time stepping (for transient runs) with a
convergence criteria set at 1 x 10°,

9.4 Model Geometry and Model Extents

The north western and northern model boundaries are defined by Western Sandy Creek and
Northern Sandy Creek with the southern boundary defined by Saddlers Creek. These ephemeral
creeks were used as arbitrary model limits, rather than hydraulic boundaries. They were selected
at a suitable distance from Bengalla so that hydraulic stresses associated with scenarios would not
impact them. The south-western border was set along the Mount Ogilvie Fault, which with a
horizontal displacement of 200 m is assumed to be a barrier to groundwater flow in the coal
seams. The eastern boundary of the model is formed by the outcrop of the low permeability
Saltwater Creek Formation and the Hunter River.

Initial model testing and steady state calibration used the same finite element mesh (FEM) as
developed by AGE (2007). The mesh density varied laterally with the highest discretisation at
Bengalla (~30m cell size). The model mesh could be considered finely discretised and contains
436,912 elements. Figure 9.1 below shows the three-dimensional model mesh. Figure 9.2 shows
the model mesh in plan view.

The AGE (2007) transient model ran very slowly and was not amenable to automated PEST type
calibration. The slow run times were primarily due to the large number of finite elements used,
especially at locations simulating indicated faults and dykes. A secondary factor for the slow run-
time was the hydraulic conductivity contrasts at the faults and dykes, which can cause oscillation
(discussed further in Section 10.0). To accommodate transient model calibration a simplified mesh
was created; this mesh had 64,640 elements or around 14% of the model elements used for the
steady state calibration (Figure 9.2). Section 10.0 discusses the model meshes further.
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Figure 9.1: Three Dimensional Model Geometry
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9.5 Model Boundary Conditions

The model boundaries conditions were set to be consistent with the conceptual model. The Hunter
River to the south and east of Bengalla was simulated as a fixed hydraulic head boundary (1st
kind Dirichlet boundary condition) on model slice 1. This boundary condition allowed for the
infiltration of surface water into the groundwater system or drainage of the groundwater system,
depending on the hydraulic gradient between the river and the surrounding model layers. This type
of boundary condition does not use any type of bed conductance term (transfer rate in FEFLOW),
rather the hydraulic conductivity of the model layer defines the rate of water movement during
each time step.

Figure 9.2 shows the location of the 1st kind boundaries representing the Hunter River. The bed
level and water level of the Hunter River was updated based on new survey data collected in the
vicinity of the Project.

Outside the Hunter River, the secondary creeks within the model domain were assumed to drain
the thin associated alluvial deposits. Recharge from these creeks was conceptually not considered
a major recharge source. Therefore, drainage boundary conditions were assigned in the model
along the major creek beds that did not allow infiltration of surface water into the alluvial deposits.
These were implemented using constrained fixed hydraulic head boundaries (1st kind Dirichlet
boundary condition) with a constraint only letting water discharge from the boundary condition
(drains). No flux out rate constraint was set for this boundary condition, with hydraulic conductivity
the only limitation to discharge at each time step.

Figure 9.2 shows the location of the first kind boundaries representing the creeks (including
Saddlers Creek). The drainage lines off the Permian hill areas that do not have any significant
associated alluvial sequence, including Dry Creek were not represented in the model.

The surface storage dams within the Project Boundary are well above the groundwater surface
and are assumed to be hydraulically isolated from the groundwater systems, and were therefore
not represented in the model.

The drain elevations for all surface water features were drawn from the AGE (2007) model which
were estimated based on available topographic maps, topographic data provided by BMC and a
digital elevation model of the area, (Surface Radar Topography Mission (SRTM) data by NASA).
The accuracy of the SRTM data is generally within 9m for elevation. The bed level and water level
in the Hunter River near the Project Boundary was updated with on-ground survey data collected
by the BMC surveyors.

9.6 Layers

The groundwater model consists of eight layers with different hydrostratigraphic properties as
discussed below. Table 10 lists the layers and provides a short description of their
conceptualisation and function. Figure 9.3 provides an overview of the layer geometry and
Figure 9.4 shows long-sections through the model domain visualising the hydraulic conductivity
distribution and model geometry. Figure 9.5 to Figure 9.7 shows the structure contours for
Layers 3, 4 and 5 in the model.

The layer data is considered accurate within the existing and proposed mining areas as extensive
drilling and mapping has been undertaken to measure coal reserves. Outside the proposed mining
area, the drilling is more sparse and the accuracy of the available data decreases. This is a typical
constraint in groundwater models.
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Table 10: SUMMARY OF GROUNDWATER MODEL LAYERS

Model Layer Description
1 Alluvium along the Hunter River, colluvial/alluvial deposits along the creeks and the
weathered bedrock directly beneath the ground surface.
2 Overburden between the base of top layer and the top of the Warkworth seam.
3 Warkworth coal seams and the interburden down to top of Mount Arthur coal seam.
4 Coal measures from Mount Arthur seam down to Vaux seam.

Coal measures down to the Edderton seam, that is the lowest coal seam to be mined
5and 6 .
by the Project.

7 Coal measures down to the Ramrod Creek seam, that is, the lowest seam mined by
MAC south of the Hunter River.
8 Low permeability Saltwater Creek Formation, base of model.

An additional layer was introduced to subdivide Layer 5 into Layers 5 and 6, since the southern
part of the model was transferred from a model that had a further division at the Bayswater seam.

AGE (2007) included all known faults and dykes into the model as special structural features. As
discussed previously, the faults and dykes were removed in the model recalibration. This is
discussed further in Section 10.0.

Conductivity [Kxx] [m/d]
- Patches -
8.208
. 2.47
07433
0.2237
0.06732
0.02026
0.006096

Layer 1: Alluvium

Layer 1: Weathered
Bedrock

0.001835
0.0005521
0.0001661
S5e-5

Layer 2: Overburden

Vertical dykes (steady state only)

Layer 3: Warkworth to top of Mount Arthur Seam

Layer 4: Mount. Arthur to Vaux Seam

Layer 5 & 6: Base of Vaux to Edderton Seam

Layer 7: Base of Edderton to Ramrod Creek Seam

Figure 9.3: 3D Model Geometry (Layer 8 omitted)

The chosen layers represent the main geological units that control groundwater flow, and the
segregation of the aquifer units is considered appropriate to meet the model objectives.
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9.7 Recharge and Evapotranspiration

Rainfall sourced recharge was the only external input to the model domain, apart from any
localised recharge to the alluvium from the Hunter River. As the dense natural drainage network in
the area indicates, most of the rainfall runs off as surface flow with little infiltration. The highest
infiltration (recharge) is expected to occur over the permeable alluvium of the Hunter River. AGE
(2007) assumed that the recharge over these alluvium areas was 12% of the average annual
rainfall, which equates to 76mm/year. Recharge to the remaining areas was assumed to be as
follows:

e Permian, 1 to 6 mm/year or less than 1% of the annual average rainfall; and
e  Subcrop areas of coal seams, up 12 mm/year or 2% of the annual average rainfall.

These values sourced from the previous AGE (2007) modelling were used as initial values to the
steady state and transient calibration in this study. As discussed further in Section 10.0, recharge
was allowed to vary within realistic bounds during calibration with results generally less than those
in the previous study.

Evapotranspiration was not simulated in the model and is therefore accounted for in the net
recharge applied in the model.

9.8 Model Hydraulic Parameters

The hydraulic parameters used in the numerical model calibration were based on the data
presented in the model conceptualisation described above. The calibrated parameters from the
AGE (2007) model were used as starting values during recalibration of the model.
Horizontal/vertical hydraulic conductivity and specific yield/specific storage were adjusted during
calibration.

Layer settings for the model were free and moveable for Layer 1, and un-specified for all
remaining layers, except the basal layer which was fixed. Using these layer settings FEFLOW
implements specific storage using the free and movable surface setting when the water table is
above the top of any layers. Specific yield is used for the upper most layer, representing the water
table strata. Hydraulic parameter results are discussed in detail in Section 10.0.

AGE (2007) included all known faults and dykes into the model as lower permeability zones to
flow, but as discussed previously, these were removed in the model recalibration. This is
considered a conservative assumption that allows groundwater to flow more readily within the
model.
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10.0 MODEL CALIBRATION

Anderson & Woessner (1992)° describe the process of calibrating a model as “a demonstration
that the model is capable of producing field measured heads and flows which are the calibration
values. Calibration is accomplished by finding a set of parameters, boundary conditions and
stresses that produce simulated heads and fluxes that match field measured values within an
acceptable range of error’.

The initial objective of model calibration was to test the plausibility of the conceptual model
described above and to reproduce the estimated pseudo steady state’ groundwater system
existing in the surroundings of and within the Project Boundary before the start of mining at
Bengalla. The AGE (2007) model was manually calibrated in steady state mode against 22 water
level observations in the northern portion of the model, with a reasonable fit to the data (SRMS of
5.07%).

The first task undertaken was to verify the performance of the AGE (2007) model using water level
observation data collected since this time. Predicted water levels were compared to new water
level records. The verification processes indicated that improvements to the calibration of the
model could be achieved.

The AGE (2007) model was recalibrated using new groundwater monitoring data and bore
elevation surveys. The water level measurements for some bores dated back to 1999 providing up
to 13 years of transient data for calibration of the model. The objective of the recalibration was to
improve the pre-mining steady state “fit” and also the through a calibration, the transient predictive
capability of the model. Due to the availability of previous model parameterisation, it was decided
to use PEST (Doherty 2004) to improve the steady state and transient model calibration.

The 2007 transient model ran very slowly and whilst adequate for manual calibration, it is not
amenable to an automated PEST calibration, where numerous model runs are required. The slow
run times of the AGE (2007) model were primarily due to the large number of finite elements used,
especially at locations simulating indicated faults and dykes. A secondary factor for the slow run-
time was the high permeability contrasts at the faults and dykes, which can cause numerical
instability. It was therefore decided to re-grid the model with fewer elements and not to specifically
simulate the faults and dykes. The absence of the faults and dykes allows groundwater flow to be
unimpeded in the model, a conservative assumption that allows the predicted zone of
depressurisation to grow to a greater extent.

Note that the calibration process described below focuses on the area north of the Hunter River.
AGE (2007) previously calibrated the model area south of the Hunter River during modelling
projects for MAC.

10.1 Calibration Targets

The AGE (2007) steady-state model was re-calibrated with PEST using 21 pre-mining
groundwater levels. Additional water level data that had not been previously used was
incorporated in the steady state PEST calibration for a total of 54 water level observation points.
Table 11 shows these bores, the model slice they are in and whether they were a calibration target

® Anderson & Woessner, (1992), "Applied Groundwater Modeling, Simulation of Flow and Advective Transport’.

7 Pseudo steady state refers to the fact the local environment is not in true steady state prior to mining at Bengalla, due
to cumulative effects of historical mining. But it provides suitable starting head values for the transient simulations.

Continuation of Bengalla Mine Hansen Bailey
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during the AGE (2007) study. Some of the water level data was observed after mining commenced
but is sufficiently distant from Bengalla to be unaffected and representative of pre-mining steady
state conditions. The data was weighted based on data confidence, such that a value of 1 was
equal to 100% confidence in the accuracy of the observation. Figure 10.2 shows the location of the

bores.
Table 11: STEADY STATE CALIBRATED GROUNDWATER MONITORING BORES
Used in
_ . Water L.evel S;?:t‘l y
Bore ID Ea(s#)ng No:::)' ng Da:-eeyl\;alter EI:IT::it:r)in “g?igzl Weight Ca.llibration
(MAHD) in AGE
(2007)
Calibration
18298 294376 6423529 1/05/1999 123.59 1 1
19116 296085 6425592 1/05/1999 127.8 1 1
42927 298851 6428600 1/08/1999 134.44 1 0.8
47277 299166 6428630 1/08/1999 133.43 1 0.8
1039AC09 295595 6428184 4/02/1992 175.4 1 1 yes
3500C500 295280 6431032 | 21/01/2004 203.94 1 0.8 yes
BG1 296656 6426003 1/05/1999 127.02 1 0.3 yes
BG3 294731 6424413 1/05/1999 126.13 1 0.8 yes
BG5 298609 6427874 1/05/1999 132.95 1 0.8 yes
GWi1 298345 6414995 161.59 1 0.3
GW12 297407 6422121 147.8 1 0.3
GW16 294083 6422888 122.69 1 0.3
GW17 294903 6423723 124.49 1 0.3
GW21 296070 6424639 127.18 1 1
Gw24 297321 6425072 129.59 1 0.3
GW6 293714 6418739 206.77 1 0.3
GW7 295541 6419693 173.68 1 0.3
46737 291862 6427170 1/05/1999 186.16 3 0.3
64092 297707 6428807 1/08/1999 142.96 3 0.3
1013AE04 296730 6427313 5/02/1992 143.3 3 0.3 yes
1020AD02 297284 6427626 6/02/1992 144.7 3 0.8 yes
1056AEQ06 296088 6427237 | 30/01/1992 131.6 3 0.3
1063AD02 297128 6427437 | 17/02/1992 143.6 3 0.8 yes
7000D000 298771 6431587 | 11/07/2003 163.84 3 0.8 yes
A10 295418 6428839 1/05/1999 187.13 3 0.3
A5 296744 6428675 1/05/1999 150.04 3 0.3
BG45 291559 6424708 1/11/1999 153.47 3 0.3
E12 294850 6427586 1/05/1999 151.76 3 0.1
GW10 299999 6418624 218.58 3 0.8
GW20 297251 6423530 143.21 3 0.3
Gw22 296871 6424148 139.39 3 0.5
GW23 297870 6424684 139.45 3 0.8
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Table 11: STEADY STATE CALIBRATED GROUNDWATER MONITORING BORES

Used in
Water Level S;?:ti Y
Bore ID Easting Northing | Date Water EIeva_tion Mo_del Weight | Calibration
(m) (m) Level (I\rl:ﬁ:i;le:)n) Slice in AGE
(2007)
Calibration
Gw4 296913 6414953 175.48 3 1
GW5 296666 6414213 171.62 3 0.8
37774 298593 6429188 1/08/1999 133.73 5 1 yes
42701 298587 6428631 1/08/1999 132.27 5 0.7 yes
53007 298727 6428855 1/02/2000 135.5 5 0.7 yes
1031AF08 295668 6427089 5/02/1992 1441 5 0.7 yes
1059AE08 295585 6427288 5/02/1992 159.9 5 0.7
7500F000 299193 6433616 7/04/2003 156.57 5 0.7 yes
GW13 295906 6421080 161.6 5 0.7
GW15 295367 6422083 140.61 5 0.7
GwW19 295849 6423622 137.29 5 0.7
Gws8 296943 6419569 182.22 5 0.7
GW9 298153 6419872 182.67 5 0.7
10101A16 293547 6426320 5/02/1992 142.5415836 6 0.7 yes
11953 298193 6428692 1/08/1999 135.5 7 0.7 yes
28510 298650 6429104 1/08/1999 130.92 7 0.7 yes
1024AH04 296564 6426284 4/02/1992 131.4 7 0.7 yes
1074AG06 295982 6426529 5/02/1992 131.4 7 0.7
5500D000 297271 6431566 | 18/08/2004 161.85 7 0.7
rg 295712 6426002 1/08/2000 125.915 7 0.7 yes
MPBH3 299826 6430951 7/04/2003 142.21 7 0.7 yes
1005AB18 293414 6428811 5/02/1992 172.8 8 0.7 yes

Table 12 lists the transient groundwater monitoring bores used to calibrate the model using PEST.
A total of 21 hydrograph records in the general vicinity of Bengalla were used with data dating
back to 1999, (Appendix 1 and Figure 10.2).

Table 12: TRANSIENT GROUNDWATER MONITORING BORES
Bore ID Easting Northing Model Slice
(m) (m)
G19116 295981 6425401 1
BG5 298505 6427683 1
G28510 298545 6428914 7
G37774 298488 6428998 5
G42701 298482 6428441 5
G53007 298622 6428665 5
17 295607 6425812 7

Continuation of Bengalla Mine
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Table 12: TRANSIENT GROUNDWATER MONITORING BORES
Bore ID Easting Northing Model Slice
(m) (m)
(G64092 297603 6428616 3
A10 295314 6428648 3
BG45 291455 6424517 3
E12 294746 6427398 3
A5 296681 6428672 3
WAN1_A 296520 6426099 6
WAN1_B 296520 6426099 7
WAN2_A 296214 6425821 5
WAN2_B 296218 6425824 6
WAN2_C 296218 6425824 7
WAN4_B 295442 6425691 8
WAN5_B 296020 6425360 8
WANG6_B 296553 6425634 8
WAN7_B 296857 6426255 8

10.2 Calibration Method

Model calibration of both steady state and transient models was undertaken using the model -
independent parameter estimation code PEST (Doherty, 2004). User intervention was carried out
during the automated calibration by periodically stopping the PEST run and analysis of the interim
results. This often resulted in modification to the model, sometimes followed by further manual
testing, then subsequent and complete (uninterrupted) PEST calibration.

Initial heads and parameterisation from the steady state calibration were used as starting
conditions for the transient calibration. Steady state and transient calibration was carried out using
PEST in regularisation mode, with pilot points and Truncated Singular Value Decomposition assist
(SVDA) (Doherty, 2004). Tikhonov regularisation and SVDA were used in PEST to constrain the
parameter estimation problem to deal with non-uniqueness of the solution.

Pilot points (72) were set for in each layer to adjust horizontal/vertical hydraulic conductivity and
recharge (1225 adjustable parameters in all). The transient model calibration included adjusting a
single uniform zone per layer for specific yield and specific storage (no pilot points). The transient
calibration involved fixing a number of parameters to reduce the total adjustable parameters to
290. Figure 9.5 to Figure 9.7 show the distribution of the pilot points in and around the Project.

10.3 Calibration Results
Table 13 summarises the final calibrated steady model parameters. Figure 9.5 to Figure 9.7 show

horizontal hydraulic conductivity distribution in the Permian Coal Measures for the key model
layers (Layers 3, 4 and 5).
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Table 13: SUMMARY OF GROUNDWATER MODEL PARAMETERS
“If:::rl Layer Name Feature/Parameter Value
top Interpolated from topographic data
base Weathered zone 5 m thick, Hunter River alluvium
10 m thick
horizontal hydraulic conductivity 8.6 m/day to 3.0 x 10'm/d Alluvium,
(Kh) 3.5 x 10° m/day to 5.3 x 10" m/day colluvium and
Colluvium / weathered zone.
alluvium and | vertical hydraulic conductivity (Kv) 6.0 x 10" m/day to 3.5 m/d Alluvium,
1 weathered 1.6 x 10 m/day to 5.2 x 10° m/day colluvium and
zone weathered zone.
storativity 2.4% alluvium, 2.1% elsewhere
storage coefficient 1 x10“*m”
Alluvium 1mm/year to 17.5mm/year (0.3% to 3% of
recharge average annual rainfall), remaining area
0.02 mm/year to 1.3 mm/year (0.002% to 0.2% of
average annual rainfall)
top Base of Layer 1
base Top of Warkworth Seam
5 Overburden | Nrizontal hydraulic conductivity (K) | 2.0 x 10:‘5‘ m/day to 3.5 x 10:; m/day
vertical hydraulic conductivity (K) 2.0x 10° m/day to 1.7 x 10° m/day
storativity 0.10%
storage coefficient 6x10°m”
top Top of Warkworth Seam
Warkworth base Top of Mount Arthur Seam
3 Seam to horizontal hydraulic conductivity (K) | 1.5 x 10 m/day to 6.1 x 10" m/day
Mount Arthur | vertical hydraulic conductivity (K) 3.0 x 10° m/day to 8.6 x 10° m/day
Seam storativity 0.003%
storage coefficient 3.8x10°m’
top Top of Mount Arthur Seam
h base Base of Vaux Seam
4 I\S/Ieo:r:tt/:rt ur horizontal hydraulic conductivity (K) | 7.2 x 10:2 m/day to 1.0 m/deftay
Vaux Seam vertical hydraulic conductivity (K) 2.8 x 10”° m/day to 8.6 x 10~ m/day
storativity 0.07%
storage coefficient 1.8x10°m’
top Base of Vaux Seam
Vaux Seam base Base of _ISEdderton Seam -
5 to Edderton hori.zontal hydrf?lulic condljlc.tivity (K) | 3.9x 10_6 m/day to 2.8 x 10_3 m/day
Seam vertical hydraulic conductivity (K) 2.8 x 10° m/day to 8.6 x 10~ m/day
storativity 0.5%
storage coefficient 1.2x10°m”
top Base of Vaux Seam
vV S base Base of Edderton Seam
6 toallijzdeer’?o? horizontal hydraulic conductivity (K) | 2.9 x 10': m/day to 4.75 x 103'1 m/day
Seam vertical hydraulic conductivity (K) 4.2 x 10° m/day to 8.6 x 10” m/day
storativity 0.5%
storage coefficient 1.8x10°m”
Edderton top Base of Edderton Seam
7 Seam to base Base of Ramrod Creek Seam
Ramrod horizontal hydraulic conductivity (K) | 5.0 x 10° m/day to 1.9 x 10™ m/day
Creek Seam | vertical hydraulic conductivity (K) 3.8 x 10° m/day to 8.6 x 10° m/day

Continuation of Bengalla Mine
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Table 13: SUMMARY OF GROUNDWATER MODEL PARAMETERS

Model Layer Name Feature/Parameter Value
Layer
storativity 0.20%
storage coefficient 1.8x10°m’
top Base of Ramrod Creek Seam
base 100 m below Ramrod Creek Seam
Saltwater ; ; o 7 3
8 Creek horizontal hydraulic conductivity (K) | 3.1 x 10" m/day to 1.0 x 10~ m/day
Formation vertical hydraulic conductivity (K) 3.5 x 10°® m/day to 8.6 x 10™° m/day
storativity 0.01%
storage coefficient 1.9x10°m”

The error between the modelled and observed (measured) water levels is known as the root mean
square (RMS) and is an objective method to evaluate the model calibration. The RMS is

expressed as follows:

RMS=\/12(h0 —h,)’
n

where: n =
h, =
hm =

number of measurements (22)
observed water level
modelled water level

RMS is considered to be the best measure of error, if errors are normally distributed.

Scaled root mean squared (SRMS) is the RMS divided by the range of measured heads and
expressed as a percentage.

10.3.1 Steady State Results

Table 14 presents a summary of the calibration statistics for the steady state model.

Table 14: STATISTICAL SUMMARY OF CALIBRATION — STEADY-STATE
Calibration Statistics North of Hunter River Full Model
Number of data (n) 39 54
Sum of data weights 23 33.5
Root mean square (RMS) (m) 2.53 3.65
Scaled root mean square (SRMS) (%) 3.12 4.49
Average residual (m) 1.30 0.91
Absolute average residual (m) 2.39 3.28

The resulting SRMS value for the northern portion of the model was 3.1%, which is considered to
be a good fit given the limited water level observations and the fact the data was not a snap shot

at a single time period.

Table 15 presents the differences between the median measured groundwater levels and the
groundwater levels simulated by the calibrated steady-state model. Figure 10.1 shows the data in

Hansen Bailey
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a scatter plot. Figure 10.2 shows the steady state potentiometric level contours. The contours
compare well against the observed contours shown in Figure 7.26.

Based on the above it is considered that an acceptable calibration of the steady state model was
accomplished as the simulated heads match field measured values within an acceptable range.

Table 15: OBSERVED AND MODELLED GROUNDWATER LEVELS
Observed | Modelled Observed | Modelled
BoreID | Slice Heads Head Residual BoreID | Slice Heads Head Residual
RL(m) RL(m) RL(m) RL(m)

18298 1 123.6 124.8 -1.3 E12 3 151.8 153.7 -1.9
19116 1 127.8 129.2 -1.4 GW10 3 218.6 218.5 0.1
42927 1 134.4 135.3 -0.9 GW20 3 143.2 145.5 -2.3
47277 1 133.4 135.2 -1.8 Gw22 3 139.4 137.9 1.5
1039AC09 1 175.4 173.9 1.5 GW23 3 139.5 134.0 54
3500C500 1 203.9 206.7 -2.8 GWw4 3 175.5 178.8 -3.3
BG1 1 127.0 130.5 -3.5 GW5 3 171.6 179.7 -8.1
BG3 1 126.1 126.6 -0.5 37774 5 133.7 138.7 -5.0
BG5 1 133.0 133.7 -0.8 42701 5 132.3 135.6 -3.3
GWi1 1 161.6 167.4 -5.8 53007 5 135.5 135.8 -0.3
GW12 1 147.8 151.1 -3.3 1031AF08 5 144.1 140.7 3.4
GW16 1 122.7 122.7 0.0 1059AE08 5 159.9 143.8 16.1
GW17 1 124.5 126.3 -1.8 7500F000 5 156.6 160.4 -3.9
GW21 1 127.2 128.0 -0.8 GW13 5 161.6 159.0 2.6
GW24 1 129.6 130.2 -0.6 GW15 5 140.6 143.0 -2.4
GW6 1 206.8 204.9 1.8 GW19 5 137.3 132.0 5.3
GW7 1 173.7 169.9 3.8 Gws8 5 182.2 179.5 2.7
46737 3 186.2 162.9 23.3 GW9 5 182.7 186.7 -4.0
64092 3 143.0 142.5 04 10101A16 6 142.5 142.1 0.4
1013AE04 3 143.3 144.0 -0.7 11953 7 135.5 137.3 -1.8
1020AD02 3 144.7 144.4 0.3 28510 7 130.9 138.2 -7.3
1056AE06 3 131.6 142.9 -11.3 1024AH04 7 131.4 132.6 -1.2
1063AD02 3 143.6 144.4 -0.8 1074AG06 7 131.4 134.5 -3.1
7000D000 3 163.8 161.4 2.4 5500D000 7 161.9 167.8 -6.0
A10 3 187.1 188.3 -1.2 17 7 125.9 130.9 -5.0
A5 3 150.0 155.3 -5.2 MPBH3 7 142.2 142.1 0.2
BG45 3 153.5 153.3 0.1 1005AB18 8 172.8 179.7 -6.9
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Figure 10.1: Steady state observed vs modelled scatter plot

10.4 Model Budget

Table 16 provides the components of the water budget from the steady state model. The mass
balance error, which is expressed as percent discrepancy and is the difference between calculated
inflows and outflows to the model at the completion of the steady calibration was 5%. This value is
larger than ideal and at the maximum number that is considered acceptable by Barnett et al.,
(2012).

Table 16: MODEL STEADY STATE WATER BUDGET
Recharge / Discharge Source Flow Rate (ML/day)
Discharge to creeks and Hunter River -9.65
Infiltration from Hunter River 4.75
Groundwater recharge by rainfall 3.91
Difference between inflow and outflow from the model domain (mi/day) -0.99
Percent Discrepancy (%) 5
Hansen Bailey Continuation of Bengalla Mine 87
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10.4.1 Transient Results

Appendix 1 presents the observed and simulated heads for the 22 observation bores used in the
transient calibration. The transient model calibration modestly improved the residual between the
observed and modelled heads compared to the steady state calibration. Table 17 presents the
statistics for the transient calibration divided amongst each model layer as shown in Table 14.

Table 17: TRANSIENT MODEL CALIBRATION STATISTICS

Layer Layer 1 Layer 3 Layer 5 Layer 6 Layer 7 Layer 8
number of bores 2 5 4 2 4 4
number of residuals 8 23 12 6 13 12
mean value (m) -0.57 0.87 -1.96 -8.55 -14.12 -0.79
maximum residual (m) 0.33 9.50 -1.41 -3.71 -4.15 0.53
minimum residual (m) -1.29 -5.70 -2.62 -14.18 -34.97 -2.86
standard variance (m2) 0.65 9.84 4.01 94.11 299.20 1.69
RMS (m) 0.81 3.14 2.00 9.70 17.30 1.30

Layers 1, 3, 5 and 8 in the transient calibration are well calibrated. The poorer calibration in
Layers 6 and 7 is likely due to aquitards between coal seam layers, which are not fully simulated.
The water levels in nested piezometer sets WAN1 and WAN2 show that hydraulic gradients are
not completely replicated, with the model under-predicting the drawdown in the deeper layers
(Appendix 1).

10.5 Model Calibration Summary

The steady state recalibration successfully improved the residual between pre-mining observed
versus modelled heads. The transient calibration also successfully matched modelled drawdown
associated with mining activities during the calibration period (1999 to 2012). The 5% imbalance in
the water budget in steady state calibration was not ideal, although considering the fit with
potentiometric level data, the model is considered suitably calibrated for the Project objectives.

Continuation of Bengalla Mine
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11.0 PREDICTIVE SIMULATIONS

11.1 Modelling Strategy

The response of the groundwater system to the Project was assessed by running the model for a
period of 21 years. Figure 8.1 shows the Project mine plan used to develop the predictive model
described in this section of the report. Simulated steady state heads were used as initial
conditions, during the predictive simulation.

The Project progression of mining was modelled in detail. The cumulative impact of MAC and MTP
was simulated based on the available data in the public domain. MTP was assumed to commence
in 2008 based on the approved mine plans. The MAC underground mine was also included in the
model although this has also not commenced. The cumulative impacts predicted by the model are
therefore considered conservative and worst case.

A post closure Project void recovery model was developed and run for a period of 1,000 years to
access the pit lake fill rate and final groundwater level should BMC cease mining under this
approval.

11.1.1 Model Setup

The predictive model changed the system stresses (equivalent of a timestep in MODFLOW) on the
completion of each mining strip, which was approximately six monthly. Timesteps were adaptive
and set with a maximum of ten days. The PCG solver was applied.

The recharge rate applied to the model was constant through the predictive scenarios, but based
on the distributed field determined from the pilot point calibration. This was considered acceptable
as climatic variances were expected to have negligible impact on the predictions.

11.1.2 Simulation of Project Pit Dewatering

The active open cut areas for the Project were simulated using constrained Cauchy type boundary
conditions. Cauchy type boundary conditions consist of a reference hydraulic head and a
corresponding transfer rate. The higher the transfer rate, the better the hydraulic connection
between the reference hydraulic head and the groundwater system. This transfer rate varies in
time. For all time stages where an area of the pit is not being mined, the transfer rate is set at zero,
which prevents any activity of the associated boundary condition. Once mining commences, the
transfer rate is set to the maximum value by switching the associated boundary condition on. The
constrained reference hydraulic head conditions only remove water from the model domain, by
drainage, if the hydraulic head at a node is above a nominated water level. The nominated water
levels were specified as the elevations of the pit floor. Constraint conditions guarantee that water
can only be extracted. These boundary conditions were specified over the entire area of the pit
and once the pit excavation reaches the natural groundwater table, drainage starts automatically.
The transfer rate was set suitably high to allow full drainage of the mining areas. Once the pit was
backfilled and the surface elevation rose above the level of the groundwater table, the drainage
nodes within the pit footprint were de-activated. As discussed above, the predictive model
changed the system stresses when each mining strip was completed, which was approximately six
monthly.

The model did not simulate the placement of spoil during the mining (Years 1 to 21) and the
associated change in hydraulic conductivity, storage and recharge rates. This is considered a
conservative assumption as the placement of the spoil allows for some additional recharge and

Continuation of Bengalla Mine Hansen Bailey
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recovery of surrounding aquifers during mining. The model simulated the spoil after closure of the
mine by changing the hydraulic properties and recharge rate within the backfilled pit footprint.

11.2 Simulated Drawdown

Figure 11.1 to Figure 11.5 show the hydraulic heads and predicted zone of depressurisation for
Project Years 1, 4, 8, 15 and 21. It is important to note these figures present the cumulative zone
of depressurisation associated with the Project and the adjacent MAC and MTP projects.

Figure 11.1 shows Year 1 drawdown when mining occurs relatively close to the Hunter River
alluvium. The 1 m and 2 m drawdown contours extend below the Hunter River alluvium and
combine beneath the Hunter River due to drawdown associated with MAC pit to the south. The
cumulative effect from Mount Pleasant Project operations to the north is also clearly visible.

Figure 11.2 (Year 4) shows a slightly reduced dewatering effect below the Hunter River alluvium
associated with the Project (to the south). Drawdown does not connect beneath the Hunter River,
which was evident in Year 1 drawdown, although still extends within the Hunter River alluvium.

The cumulative impact of Mount Pleasant Project mine operations to the north is still clearly
visible. Figure 11.3 (Year 8) shows as mining progresses to the west within the Project Boundary,
the 1 m and 2 m drawdown in the Hunter River alluvium to the south decreases in area, compared
to Year 1 and Year 4 mine years. The cumulative impact of Mount Pleasant Project mine
operations can be seen to the north with drawdown impacting on the northern and eastern extent
of the Project Boundary.

Figure 11.4 (Year 15) shows continual reduction in drawdown in the Hunter River alluvium to the
south of the Project, while to the north the cumulative effect of the MTP projects can been seen to
impact within the north-east corner of the Project Boundary.

Figure 11.5 (Year 21) shows heads and drawdown with active mining to the western extent of the
Project. Drawdowns to the east and north-eastern corner of the Project area at this time are more
likely associated with the cumulative effects of the MTP project rather than Bengalla.

Hansen Bailey Continuation of Bengalla Mine
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11.3 Project Pit Seepage

Figure 11.6 shows the simulated seepage rate of groundwater to the open cut pits.
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Figure 11.6: Simulated Seepage Rate to Project Open Cut

Evaporative loss of groundwater in the pit seepage was estimated assuming an average
evaporation rate of 0.3 ML/day across the coal seam face exposed in the highwall. This was
subtracted from the total simulated inflow presented in Figure 11.6 to estimate the volume of
groundwater that will require pumping. It should be noted, that due to pool and management of
water within the pit, not all of this water may be pumped from the pit.

Figure 11.6 shows the simulated rate of inflow to the pit is related to the distance between the end
wall of the pit and the Hunter River alluvial aquifer. When mining is close to the alluvium (within
200 m), the hydraulic gradient from the alluvium to the pit is increased and the rate of inflow
increases proportionally (0.6 ML/day to 1 ML/day).

Towards the end of the Project life, the pit moves away from the alluvium (greater than 1 km) and
the hydraulic conductivity of the coal seams decreases as the pit becomes deeper, resulting in
very low pit inflows (0.2 ML/day) during the last 10 years of mining. Due to the evaporative losses,
the last ten years of mining are not expected to experience any observable inflows. This is
common in open cut mines in the Hunter Valley, which are remote from zones of alluvium.

There is a correlation between predicted pit inflows and drawdown. Inflows are greatest when
drawdowns are largest near the Hunter River alluvium and reduce as the mining moves to the
west and the drawdown near the alluvium decreases.
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BMC currently has a 125 ML water licence (20BL169798) under the Water Act 1912 to account for
groundwater seepage into the pit. This licence is sufficient to offset the average seepage rate to the
open cut pits which is 110 ML/year, but does not cover the peak period when seepage reaches
365 ML/year. BMC will apply to increase water licence 20BL169798 to 365 ML/year to offset the
predicted seepage.

11.4 Impact on Alluvial Aquifers and Watercourses

The Hunter River alluvium is likely to be affected by the cumulative mining activities of the Project,
the Mount Pleasant Project and MAC. Velocity vector analyses for Year 1 to Year 21 of mining are
shown in Figure 11.7 to Figure 11.11. These diagrams show the direction of groundwater flow from
the alluvium towards open cut mining operations; a reversal from the pre-mining steady state
conditions where vectors flow from Permian formations toward the alluvium (Figure 7.26).
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Figure 11.12 shows the change in groundwater flow from the Permian to the alluvium attributable
to mining.

0 0
-0.1 0.2 _
£
_ =
e 04 g
T 02 3
2 E
E 06 T
5 03 8
= =
2 08 2
o o
o -04 c
)
= 1 £
2 S
- =
£ 05 by
c 12 8
0 <
3 7
-0.6 1]
o 14 O
14
07 ' A T W T T R
7 < < < < < < Q Q Q. Q [} Q. Q. Q Q. Q
& Q Q Q 2, G o S S S S S S S S S S )
90 07 OG 06\ (23N 09 7y r} fd’ ﬁO‘ SN ».9 »77 /{9 »’6\ »7) ,{9 »‘37
——Permian to alluvium flux (ML/day) ——Distance from end wall to alluvium

Figure 11.12: Change in groundwater discharge and infiltration rates from Hunter River
alluvium

The maximum reduction in leakage to the alluvium occurs in Year 1 of the Project, when mining
occurs closest to the alluvium. The flow to the alluvium is reduced by a maximum of 0.63 ML/day
at the beginning of Year 1. However, this rate decreases throughout Year 1, resulting in a
maximum annual reduction in flow of 220 ML/year. As the Project moves away from the Hunter
River alluvium, the leakage from the alluvium decreases to about 0.25 ML/day around Year 10.
The loss from the alluvium then stabilises to the end of mining operations at Year 21. The average
reduction in flow over the life of the Project is 112 ML/year.

Losses from the alluvium can only be partially attributed to the Project. The MAC operations to the
south of the Hunter River are also expected to contribute to this loss. This may be amplified by the
MAC pit operation, which is mined to the deeper Ramrod Creek coal seam. The Hunter River in
the simulation does appear to buffer effects from the MAC operations, with the dewatering effects
of the Project and MAC combining under the Hunter River in Year 1 only.

Bengalla Joint Venturers currently hold a total of 442 units across the following water licences for
the Hunter Regulated River Alluvial Water Source (HRRA Water Source) in the upstream Glennies
Creek Management Zone:

e WAL 18097 198 units;
e WAL 18061 108 units;
e WAL 18251 60 units;

Continuation of Bengalla Mine Hansen Bailey
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e WAL 18147 66 units;
e WAL 18069 5 units; and
e WAL 18200 5 units.

The nominated water supply works on licence WAL 18147 will be changed to the mining to
account for previous predicted 45 ML per annum take of water from the HRRA Water Source by
existing mining operations. A further 175 units for existing water access licences held by the
Bengalla Joint Venturers on the HRRA Water Source will progressively be transferred to this
licence to account for the total projected maximum annual take of water from this water source of
220 ML/year. These licences will ensure the Project holds sufficient share component and water
allocation to account for the take of water from the adjacent water sources at all times, and
complies with the requirements of the Aquifer Interference Policy.

Dry Creek, as the name suggests, is an ephemeral drainage line that does not intersect the
groundwater table and therefore does not have any baseflow. The predicted depressurisation of
the Permian systems predicted for the Project will therefore not impact upon Dry Creek.

11.5 Impact on Groundwater Users

The zone of depressurisation in the Permian extends about 0.5 km from the Project highwall at the
end of mining in Year 21. The zone of depressurisation extends further to the north and south, but
this is due to the cumulative impact of MTP and MAC.

Figure 11.13 shows the predicted zone of depressurisation at Year 21, the registered water bores
and the land ownership. There is only one bore on private land, GW 073576, which is within the
modelled zone of depressurisation associated with the Project. GW 073576 is located on land that
is entitled to be acquired by Mt Arthur Coal and is recorded as being 20m deep with slots from
16 m to 20 m. The drawdown at this point is predicted to be about 2 m.

The minimal impact considerations in the Aquifer Interference Policy require the cumulative water
table and pressure head decline to be no more than 2 m at any water supply work. The modelling
indicated that the drawdown at all private bores does not exceed the 2 m trigger in the Aquifer
Interference Policy.
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11.6 Impact on Groundwater Dependent Ecosystems

The Minimal Impact Considerations in the Aquifer Interference Policy require that “less than or
equal to a 10% cumulative variation in the water table, allowing for typical climatic “post-water
sharing plan” variations, 40m from any:

(a) high priority groundwater dependent ecosystem; or
(b) high priority culturally significant site;”

The Hunter River Unregulated and Alluvial Water Sources Water Sharing Plan does not define any
high priority groundwater dependent ecosystem or high priority culturally significant sites within the
Project area or surrounds.

Cumberland Ecology 2013 determined that fragmented occurrences of Hunter Floodplain Red
Gum Woodland present along the Hunter River are considered GDEs. The drawdown in the
Hunter River alluvium is most extensive during the early years of the Project when the mine
remains in close proximity to the alluvial aquifer (refer Figure 11.1). The simulated drawdown is
largely less than 1 m at the Hunter River and therefore no impact on the remnant Hunter
Floodplain Red Gum Woodland is considered likely. This finding is supported by ongoing
monitoring at Bengalla that has not detected any significant decline in groundwater levels adjacent
to the Hunter River. The releases of water from the Glenbawn Dam are also expected to maintain
groundwater levels in dry periods which would further support riparian GDEs.

11.7 Groundwater Recovery — Spoil and Final Void

Post mining, dewatering of the pit will cease and a pit lake will form in the final void. Figure 11.14
shows the final void and spoil areas.

The recovery model represented previously mined areas as spoil and simulated the recovery of
water levels in the void lake and groundwater system after mine closure. The spoil hydraulic
conductivity, storage properties and recharge rates were increased several orders of magnitude
over the in-situ Permian sediments. Post mining, seepage will occur directly from exposed
Permian sediments, particularly from the western highwall and to a lesser degree through the pit
floor into the void. As the regional potentiometric level recovers, water levels will also rise within
the spoil, with increased recharge facilitating this process. Groundwater within the spoil will seep to
the final void lake.

The volume of the final void shown in Figure 11.14 is 222,000 ML. The recovery model
represented the void as a rectangular pit to the base of Layer 6, the base of mining operations.
This rectangular pit was orientated around the deepest part of the final void. The use of a
rectangular pit will tend to underestimate early void lake levels and overestimate later lake levels.
The use of a rectangular pit is considered appropriate for the recovery modelling, as it is the final
void lake level and the associated risk of spillage that is more important than the fill rate.

The final void lake was simulated in the model with a hydraulic conductivity in the horizontal and
vertical directions of 1000 m/day to ensure no impediment to water movement. Specific yield was
also set high at 99% to represent atmospheric conditions. Hydraulic conductivity for spoil in the
horizontal and vertical directions was set at 1 m/day, specific yield at 5% and recharge set at 5%
of average annual rainfall. Data for spoil parameters was from Mackie (2009).
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Annual evaporation exceeds rainfall at Bengalla, indicating a water deficit for any final void lake in
the region. Although it is likely that rainfall run-off will occur from a wider site area adding extra
water to the lake, hence reducing loss from the lake. Three sensitivity runs were carried out with
varying levels of evaporation from the final void lake, these were:

e High evaporation — 474 mm/year loss which is pit lake only incident annual average rainfall
minus annual evaporation. This value is consistent with the AGE (2007) modelling;

e Medium evaporation — 237 mm/year loss which assumes some run-off to the lake reducing
the net flow out from the lake; and

e Low evaporation — 0 mm/year which assumes a balance between rainfall and run-off and
evaporation in the pit lake.

Figure 11.15 shows the final void lake recovery rates and levels over time for the three scenarios.

Figure 11.15 shows rapid recovery over the first 50 years, followed by a slowing in recovery as the
hydraulic gradients to the pit reduce. The maximum pit lake level ranges between RL 30 m and
RL 37 m after 1000 years for the three evaporation scenarios.

The final void lake level predicted for the Project is lower than the level of RL 60 m estimated by
the previous AGE model (2007). The fill rate is also significantly longer. The differences between
the two simulations are attributed to the different final void sizes, locations, depths, model
hydraulic parameterisation for both the re-calibrated model layers and spoil. It should be noted in
Figure 11.15 that levels have not completely recovered during this simulation and may recovery
slightly more with a longer run. Nevertheless, both the current recovery predictions and the
previous AGE (2007) study both predict that the pit lake will behave as a sink. That is, the final pit
lake level is maintained below the pit spill point, regional water table, the groundwater levels of the
Hunter River alluvium and the Hunter River.
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Figure 11.15: Rise of water table in final pit void
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WRM (2013) also assessed the rate of water level recovery in the final void using the OPSIM
software. The water balance methodology used by WRM estimated that the long term water level
would vary between RL64 m and RL 71 m. The OPSIM model approach has several advantages
over using a groundwater model including the ability to use daily rainfall records and better
represent the geometry of the final void.

Differences in final void levels between the two methods can be attributed to slight differences in
input data sets and the method in which the void is simulated. Particularly the OPSIM model
utilises daily rainfall records, which includes storm events, while the FEFLOW model uses average
rainfall throughout the recovery period. The evaporative volume of water removed using each
technique will be different, with the average rainfall method used in FEFLOW having increased
evaporative volumes. Hence, the FEFLOW model used in the groundwater impact assessment
has reduced potential inflow to the final void and a lower final void level over the Surface Water
Assessment. The correlation between the two methods is thought to be good considering the
different methodology.

Both the groundwater model and the OPSIM model indicate that the water level in the final void
will stabilise well below the crest of the pit and also the localised regional water table. Therefore
spillage of water into the environment will not occur. The final void will act as a sink for
groundwater, and this will prevent any poor quality water that develops within the pit from
migrating into the surrounding groundwater system.

Post mining the evaporative losses from the pit lake will result in a constant flux of groundwater
into the final void. This will result in a permanent zone of depressurisation around the pit final void
in the Permian, which will reduce the rate of groundwater flow from the Permian to the Hunter
River alluvium. The flux to the alluvium was calculated to be reduced by a maximum of 0.6 ML/day
(220 ML/year) at 1000 years. This loss is equal to the rate estimated for the mining phase, and will
be accounted for by Water Access Licenses outlined in Section 11.4, that will be surrendered at
closure of the mine.

Figure 11.16 shows the modelled hydraulic heads and the groundwater velocity vectors for 100
years post mining, and demonstrates the zone of depressurisation generated by the final void.
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11.8 Water Quality

RGS Environmental (2013) completed a geochemical impact assessment of overburden and coal
reject material for the Project. RGS Environmental (2013) concluded that “all overburden material,
apart from the Archerfield Sandstone (ASS) located above the Wynn seam, has negligible (<0.1%)
sulfur content, excess Acid Neutralising Capacity (ANC), and is classified as Non-Acid Forming
(NAF).” As part of the geochemical study, RGS conducted kinetic leaching tests on two composite
overburden samples, three composite coal reject samples, and three individual coal reject
samples. The overburden samples generated a good quality leachate with a low salinity and an
electrical conductivity (EC) between 100 yS/cm and 300 yS/cm. The coal reject material
generated a more saline to brackish water quality with EC between about 1000 yS/cm and
5000 pS/cm, and with one sample up to 14,000 yS/cm.

RGS concluded that:

e “Coal reject contains elevated sulfur content however the only material that is classified as
Potentially Acid Forming (PAF) is from the Wynn seam;

e The concentration of trace metals and sulfate from most coal rejects will be low. However,
Wynn coal reject materials have the potential to generate elevated concentrations of some
metals (Al, Cd, Co, Cu, As, Ni, Se and Zn) if exposed to oxidising conditions; and

e Current management methods for Wynn coal reject and other coal reject materials at the
open cut are sufficient to minimise the risk of any significant impact to the environment.”

It was recommended that the Project “continues with current management methods for Potentially
Acid Forming (PAF) ASS overburden and coal reject materials of deep burial under NAF
overburden in the backfilled open cut as described in the Acid Rock Drainage Management Plan
(BMC, 2009)’.

The Permian groundwater quality is typically brackish and in the range of 4,000 yS/cm to
8,000 yS/cm. This is similar to the salinity generated by the oxidised coal rejects.

As discussed in Section 11.7, a lake will form in the final void that will act as a sink in the
groundwater system. The modelling indicates the water level in the final void will stabilise
somewhere between RL 30 m and RL 54 m. This is well below the level of the Hunter River and
will prevent flow of brackish to saline water in the final void lake from entering the Hunter River
alluvium.

The Minimal Impact Considerations in the Aquifer Interference Policy require that:

a) Any change in the groundwater quality should not lower the beneficial use category of the
groundwater source beyond 40 m from the activity.

b) No increase of more than 1% per activity in long-term average salinity in a highly
connected surface water source at the nearest point to the activity. Redesign of a highly
connected surface water source that is defined as a “reliable water supply” is not an
appropriate mitigation measure to meet considerations 1.(a) and 1.(b).

c) No mining activity to be below the natural ground surface within 200 m laterally from the top
of high bank or 100 m vertically beneath (or the three dimensional extent of the alluvial
water source - whichever is the lesser distance) of a highly connected surface water source
that is defined as a “reliable water supply”.
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d) Not more than 10% cumulatively of the three dimensional extent of the alluvial material in
this water source to be excavated by mining activities beyond 200 m laterally from the top
of high bank and 100 m vertically beneath a highly connected surface water source that is
defined as a “reliable water supply”.

BMC regularly monitors groundwater quality in a network of bores installed in the Hunter River
alluvium. The bores have generally recorded a stable to falling salinity since the commencement of
monitoring, with no widespread impact from the adjacent mining activity that is currently in close
proximity to the alluvial aquifer. As the mining activity will be moving away from the Hunter River
alluvium during mining, and post mining the void will remain a sink to groundwater, no impact on the
beneficial use category of the Hunter River alluvium or the long-term average salinity of the Hunter
River is considered likely.

No mining activity will occur within 200m laterally from the top of high bank of the Hunter River, and
no alluvial material will be excavated. The Project is therefore considered to comply with Minimal
Impact Considerations in the Aquifer Interference Policy.
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12.0 SENSITIVITY AND UNCERTAINTY

12.1 Sensitivity Analysis

The purpose of sensitivity analysis is to quantify the uncertainty in the calibrated model caused by
uncertainty in the estimated aquifer parameters, stresses, and boundary conditions (Anderson and
Woessner 1992). During model calibration using PEST, null space Monte Carlo uncertainty
analysis has not been undertaken as comprehensive uncertainty analysis such as this is a
resource intensive modelling exercise. Therefore, an uncalibrated sensitivity analysis was carried
out on the calibrated transient model to provide insight into the uncertainty in the model
predictions. Model parameters for horizontal hydraulic conductivity (Kh), vertical hydraulic
conductivity (Kv), specific yield (Sy), specific storage (Ss) and recharge (Rech) were varied by
25% and 50% around the transient calibrated values. A summary of the 16 sensitivity model runs
is shown in Table 18.

Table 18: SENSITIVITY ANALYSIS MODEL RUN SETUP AND RESULTS
Run Parameter Percentage Infﬁa\ll;lsg :r?jtect Ra(ll?(:rl:j If:lgvr; °
No. Change ML/day Hunttlar Alluvium
(-)Project ML/day
0 Traﬁggfgfﬁg dol 0 0.8101.02 0.08 to - 0.33
1 Kh -50 0.5t0 0.81 0.4t0-0.23
2 Kh -25 0.41t00.75 0.04t0-0.12
3 Kh +25 0.08 t0 0.93 0.07 to -0.47
4 Kh +50 0.09 t0 0.96 0.07 to -0.53
5 Kv -50 0.09 t0 0.96 0.06 t0 -0.30
6 Kv -25 0.04 t0 0.86 0.08 to -0.21
7 Kv +25 0.08 t0 0.92 0.05t0-0.44
8 Kv +50 0.08 t0 0.93 0.04t0 -0.48
9 Sy & Ss -50 0.06 t0 0.43 0.08 t0 -0.38
10 Sy & Ss -25 0.05 t0 0.51 0.09 to -0.34
11 Sy & Ss +25 0.07 t0 0.95 0.03t0 -0.40
12 Sy & Ss +50 0.07 to 1.11 0.03t0-0.40
13 Rech -50 0.07to 1.11 0.03 to -0.40
14 Rech -25 0.07 t0 0.89 -0.02 to -0.48
15 Rech +25 0.07 t0 0.89 0.07 to -0.37
16 Rech +50 0.07t0 0.88 0.09t0-0.35

This level of sensitivity analysis is deemed appropriate for this level of study. Results of the
analysis have been reported against key modelling study objectives, these being flow to the pit,
changes in flow from the Hunter River Alluvium and variations in regional drawdown greater than
im.

12.1.1 Project Pit Seepage

A summary of the range of pit inflows over the Project Life is shown in Table 18 and the transient
values for each 10-day time step are shown in Figure 12.1.
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1.2

Pit Inflows (ML/day)
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~———Run15 Rech +25% Run16 Rech +50%

Figure 12.1: Seepage to pit for various sensitivity scenarios

The majority of the sensitivity runs predict lower inflows to the pit, compared to the predictive
scenario based on the calibrated model (red dotted line). Only Run 16 (recharge +50%) produced
significantly greater pit inflows. The results for the sensitivity runs produced a fairly tight range of
results within realistic bounds for an open cut pit in the Hunter Valley.

12.1.2 Groundwater Flow to the Hunter River Alluvium

Groundwater flux to the Hunter River alluvium for the Project life is provided in Table 18 and
shown in Figure 12.2. Positive values in the results indicate a groundwater flow direction from the
Permian Coal Measures to the alluvium (the pre-mining condition), whereas negative results
indicating a reversal of this flow.

As can be seen in Figure 12.2, all results mimic the trend of the calibrated model predictions, that
being, a recovery in flow to the alluvium as mining progresses to the west, away from the Hunter
River. Sensitivity results indicate a maximum additional flow from the Hunter River of 0.2 ML/day
over the prediction based on the calibrated model (red dotted line). As with pit inflows, the results
of various runs are constrained to a fairly tight band around the calibrated model.
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Figure 12.2: Flow to the Hunter River alluvium for various sensitivity scenarios

12.1.3 Drawdowns at the End of Mining

The 1m drawdown contours for the end of mining for each scenario (should further approvals not
be granted) are displayed in Figure 12.3. To the south of the Project Boundary, the majority of the
contours follow closely to the calibrated model predictive result (red dotted line). Run 6 (Kv -25%)
does show some convergence beneath the Hunter River. To the west and north west of the
Project Boundary, significant changes can be seen in the extent of drawdown over the calibrated
predictive model. These changes are not thought to be attributed to the Project, rather the effects
of changes to recharge and aquifer properties causing fluctuations in the unaffected impacted
mine area water table.
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12.2 Model Confidence Level Classification

The level of confidence in a model’s predictions is critical for decision makers using the
information. The level of confidence depends on the:

e Available data;

e Calibration procedures;

e Consistency between calibration and predictive analysis; and
e Level of stresses.

Barnett et al (2012) developed a system to classify the confidence-level for groundwater models.
Models are classified as either Class 1, Class 2 or Class 3 in order of increasing confidence. The
Project model meets most of the Class 2 criteria, according to the system presented by Barnett et
al, (2012). This conclusion was reached based upon:

Data
e Numerous studies have been undertaken to define the proximal/regional aquifer systems
and hydraulic parameters; and

e Streamflow and baseflow estimates and several locations have been undertaken to ensure
consistency.

Calibration
e Scaled Root Mean Squared error (SRMS) is below prescribed limits;
e Long-term trends replicated in majority of monitoring bores; and
e Recent transient calibration data used.

Key indicators

e (Calibration statistics meet agreed targets;
¢ Model parameters are consistent with conceptualisation; and
e Appropriate computational methods and spatial discretisation used.

Barnett et al (2012) consider a Class 2 confidence level classification to be suitable for predicting
groundwater impacts of proposed developments in medium value aquifers and evaluation/
management of medium risk projects.

12.3 Model Limitations

Development, calibration and the results of predictive simulations from any groundwater model are
based on available data characterising the groundwater system under investigation. It is not
possible to collect all the data characterising the whole groundwater system in detail and therefore
various assumptions have to be made during development of the groundwater model. A number of
assumptions were made during development of the groundwater model described in this report
and these assumptions together with their impact on the simulation results are discussed below.

The planned mining operations associated with MTP and MAC have been implemented in the
model to analyse the cumulative impact with the Project. Since detailed mining plans and
schedules were not available for these projects, a conservative approach has been chosen, that
overestimates rather than underestimates the hydraulic impact of these operations.
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The conceptual model assumes that the hydraulic properties of the numerous Permian coal seams
present within the Project Boundary can be represented by the eight-layer model. The hydraulic
properties of a number of coal seams present within these layers were merged with the properties
of the interburden. This simplification may lead to underestimation of the extent of development of
the cone of depression. This is because the cone of depression is likely to be more extensive in
coal seams that have relatively higher hydraulic conductivity than in the less permeable
interburden. However, the drawdowns created in shallower groundwater system will be more
constrained due to the much lower hydraulic conductivity of the interburden and overburden and
hence this will not result in drawdown extending to any significant degree into the alluvial
sediments. The model estimates that drawdown will less than 1m in these sediments.

The model predicts transient mine impacts using time constant conditions representing recharge
and river flow. This approach is common place for a model of this complexity with the need to
model more complex transient recharge and climatic data beyond the scope and objectives of the
model.
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13.0 SUMMARY AND CONCLUSIONS

13.1 Project Impacts

The stratigraphic sequence across the site comprises two distinct units, namely a low permeability
Permian coal seam sequence with an overburden and interburden consisting of lithic sandstone,
interbedded with siltstone, tuffaceous claystone and mudstone. The Permian sediments are
unconformably overlain by thin Quaternary alluvial deposits along the alignment of the Hunter
River located to the south of the Project. The closest watercourse to the Project is Dry Creek,
which as the name suggests, is an ephemeral drainage line that does not intersect the
groundwater table and therefore does not have a permanent baseflow.

The Permian Whittingham Coal Measures are not a significant aquifer. While some coal seams
may locally show a moderate permeability, the dominant interburden sections are of very low
hydraulic conductivity. This is evidenced by the very limited volumes of groundwater that have
been experienced in the current open cut pits. The groundwater system has only one significant
aquifer system, which are the sand and gravel zones within alluvium along the Hunter River. The
Quaternary alluvium is connected to the Hunter River, which appears to act as both a recharge
and discharge zone depending on the water levels in the river. The alluvium supports groundwater
dependent ecosystems in the form of stygofauna species and river red gums along the Hunter
River.

BMC has been gradually expanding a network of bores for monitoring groundwater levels and quality
since 1992. BMC now monitors groundwater levels and/or water quality at a total of 45 bore sites
installed in either the alluvium or Permian coal measures. The monitoring has recorded cyclic
fluctuations in groundwater levels in the alluvial aquifer in response to rainfall, and no regional
impact due to mining is evident, although some localised drawdown immediately adjacent to the
Wantana extension is possible. Mining has depressurised the coal seams but has created only in a
narrow zone of drawdown in the shallow groundwater system locally around the mining area.

BMC is currently mining the Wantana extension area, which is in relatively close proximity to the
Hunter River alluvium. The distance from the edge of the alluvium to the pit crest is greater than
150 m. When the Wantana extension is completed, the Project will extend the pit further to the west
and progressively further away from the edge of the Hunter River alluvium. At the end of the Project
life, the pit will be 1.5 km from the alluvial aquifer.

A numerical groundwater flow model was used to simulate the impact of the Project on the
groundwater regime. The model was based on a previous FEFLOW model constructed for the
Wantana extension in 2007. The 2007 model was recalibrated to obtain the best match to steady
state and transient water level measurements collected from the aquifers. The transient recalibration
improved the calibration statistics and importantly provided confidence in the storage properties
adopted in the model. After calibration, the modelling assessed the impact of the Project on
groundwater levels and the transfer of groundwater between the Permian and the alluvial aquifers.
The modelling indicated groundwater losses due to open cut mining will peak early in the Project life
at about 1 ML/day, and then slowly reduce over the Project life as the Project moves further away
from the alluvial aquifer, and up into more elevated land where the saturated thickness increases.
Evaporation of groundwater flowing through the coal seams at the pit face will be significant, and is
likely to mean that there will be no notable seepage into the pit that needs pumping in the latter
years of the Project life, i.e. the pit will be dry.

The model predicts mining will continue to depressurise and lower groundwater levels in the
Permian sequence, but this will not result in drawdown extending a significant degree into the alluvial
aquifer system, with model drawdown calculated to be less than 1 m. A sensitivity analysis indicated

Continuation of Bengalla Mine Hansen Bailey
Environmental Impact Statement September 2013



Australian Groundwater and Environmental Consultants Pty Ltd Groundwater Impact Assessment

the river and alluvial aquifer acted as a controlling boundary condition, with the 1m drawdown
contour remaining along the edge of the alluvium when model parameters were varied. The limited
drawdown predicted means there is only one private groundwater user where the groundwater
drawdown is predicted to be 2 m. Stygofauna and groundwater dependent vegetation are also not
expected to be impacted significantly by the limited drawdown.

The groundwater study was subject to a third party review which is contained in Appendix B.

13.2 Compliance with NSW Government Policy

Groundwater in NSW is regulated under the Water Management Act 2000, Water Act 1912 and a
series of policies on groundwater quantity, quality and dependent ecosystems.

New South Wales Office of Water requires that “the EA must also detail the extent to which the
proposed project is consistent with the water management principles of the aquifer interference
activities prescribed in section 5(8) of the Water Management Act 2000”. Section 5(8) of the Water
Management Act 2000 outlines the principals and states ‘in relation to aquifer interference
activities:

a) the carrying out of aquifer interference activities must avoid or minimise land degradation,
including soil erosion, compaction, geomorphic instability, contamination, acidity,
waterlogging, decline of native vegetation or, where appropriate, salinity and, where
possible, land must be rehabilitated, and

b) the impacts of the carrying out of aquifer interference activities on other water users must
be avoided or minimised.”

The impact of the Project on soil erosion, compaction, geomorphic instability, contamination,
acidity and decline of native vegetation were assessed separately as follows:

e GSS Environmental (2013) assessed soil erosion and geomorphology;
e Cumberland Ecology (2013) assessed the potential for decline of native vegetation; and

e RGS Environmental (2013) assessed the geochemistry of overburden and coal materials
and the generation and management of acidity.

Groundwater salinity, water logging and impacts on other users are discussed in this report. The
Project will depressurise and lower groundwater levels in the Permian sequence, but this will not
result in drawdown extending a significant distance into the alluvial aquifer with drawdown being
less than 1 m. This depressurisation and drawdown means there is no potential for water logging
to occur. The limited drawdown predicted means there are no known groundwater users within the
region where the groundwater drawdown is predicted to exceed 1 m. Stygofauna and groundwater
dependent vegetation are also not expected to be significantly impacted by the limited drawdown.

The NOW DGRs require “details of the extent to which the proposed development is consistent
with The NSW State Groundwater Policy Framework Document (1997), The NSW Groundwater
Quality Protection Policy (1998) and the Guidelines for Groundwater Protection in Australia
(1995).”

The NSW Groundwater Quality Protection Policy (1998), states that the objectives of the policy will
be achieved by applying the management principles listed below.

e All groundwater systems should be managed such that their most sensitive
identified beneficial use (or environmental value) is maintained.
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e Town water supplies should be afforded special protection against contamination.

e Groundwater pollution should be prevented so that future remediation is not
required.

e For new developments, the scale and scope of work required to demonstrate
adequate groundwater protection shall be commensurate with the risk the
development poses to a groundwater system and the value of the groundwater
resource.

e A groundwater pumper shall bear the responsibility for environmental damage or
degradation caused by using groundwaters that are incompatible with soll,
vegetation and receiving waters.

e Groundwater dependent ecosystems will be afforded protection.

e Groundwater quality protection should be integrated with the management of
groundwater quality.

e The cumulative impacts of developments on groundwater quality should be
recognised by all those who manage, use, or impact on the resource.

e Where possible and practical, environmentally degraded areas should be
rehabilitated and their ecosystem support functions restored.

It is considered that the Project conforms with the Principles of the Groundwater Quality Protection
Policy because:

e The modelling has indicated that the users of the Hunter River alluvial aquifer, including
water bores extracting water and groundwater dependent flora and fauna will not be
significantly impacted by the Project. The beneficial use of the Hunter River alluvial aquifer
will not be degraded by the Project;

e A Water Management Plan is in place, and will be updated to manage the risks to water
quality associated with acid generating material;

e The Water Management Plan will outline monitoring and management of groundwater
quality; and

e The cumulative impacts of the Project with surrounding approved and proposed mining was
assessed.

The NSW State Groundwater Dependent Ecosystems Policy (2002) outlines five management
principles that establish a framework by which groundwater is managed in ways that ensure,
whenever possible, that ecological processes of dependent ecosystems are maintained or
restored. The principles are:

e GDEs can have important values. Threats should be identified and action taken to
protect them;

e Groundwater extractions should be managed within the sustainable yield of
aquifers;

e Priority should be given to GDEs, such that sufficient groundwater is available at
all times to meet their needs;

e Where scientific knowledge is lacking, the precautionary principle should be
applied to protect GDEs; and

e Planning, approval and management of developments should aim to minimise
adverse effects on groundwater by maintaining natural patterns, not polluting or
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causing changes to groundwater quality and rehabilitating degraded groundwater
ecosystems where necessary.

The Project is considered to be aligned with the principles of the NSW State Groundwater
Dependent Ecosystems Policy (2002). Only the Hunter River alluvium and areas of Dry Creek
hosts GDEs and the predicted impacts are not considered to be above thresholds that will result in
a significant impact.

The Aquifer Interference Policy (2012) has the following key requirements:

e A water licence is required for the aquifer interference activity regardless of whether water
is taken directly for consumptive use or incidentally. Activities may induce flow from
adjacent groundwater sources or connected surface water. Flows induced from other water
sources also constitute take of water. In all cases, separate access licences are required to
account for the take from all individual water sources.

e Minimal impact considerations require:

o the cumulative water table and pressure head decline not more than 2m at any
water supply work;

o any change in the groundwater quality should not lower the beneficial use category
of the groundwater source beyond 40m from the activity; and

o no increase of more than 1% per activity in long-term average salinity in a highly
connected surface water source at the nearest point to the activity.

The groundwater water sources affected by the Project are as follows:

(1) Porous Rock (basement rocks as referred to in the Hunter Unregulated and Alluvial Water
Sources 2009 Water Sharing Plan) with expected maximum annual pit inflows of 365 ML
per annum- regulated under the Water Act 1912; and

(2) Hunter Regulated River Alluvial Water Source with expected maximum annual pit inflows of
220 ML per annum- regulated under the Water Management Act 2000.

BMC currently has a 125 ML water licence (20BL169798) under the Water Act 1912 to account for
groundwater seepage into the pit from the Permian “basement rocks”. This licence is sufficient to
account for the average current inflow from basement rocks seepage rate to the open cut pits
which is 110 ML/year, but BMC will apply to change the conditions of water licence 20BL169798 to
progressively increase maximum annual volume to 365 ML/year to offset the predicted seepage
when required. There is no current embargo under the Water Management Act 2000 Bengalla
Joint Venturers will transfer the requisite share component (from other water access licences
already owned by Bengalla Joint Venture) to its existing water access licence for the Hunter
Regulated River Alluvial Water Source to account for take from that water source. These licenses
will ensure the Project holds sufficient share component and water allocation to account for the
take of water from the adjacent water sources at all times, and complies with the requirements of
the Aquifer Interference Policy.

The Project meets the minimal impact considerations as:

e There are no private water bores where the cumulative water table and pressure head
decline is more than 2 m; and

e Post mining a lake will form in the final void that will act as a sink in the groundwater
system. The modelling indicates the water level in the final void will stabilise somewhere
between RL 30 m and RL 54 m. This is well below the level of the Hunter River and will
prevent flow of brackish to saline water in the final void lake from entering the Hunter River
and associated alluvium. No impact on water quality of the alluvium or Hunter River is
therefore expected.
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14.0 GROUNDWATER MANAGEMENT AND MONITORING

14.1 Water Management Plan

BMC currently operates under a Water Management Plan that was developed in accordance with
the requirements of the most recent approval (Schedule 3, Condition 28 of DA 211/93 (M4)). The
Water Management Plan includes a:

Site Water Balance;

Drainage Path Diversion Plan;

Erosion and Sediment Control Plan;
Surface Water Management Plan;
Groundwater Management Plan; and
Surface and Groundwater Response Plan.

The Groundwater Management Plan includes:

d)

detailed baseline data on groundwater levels, yield and quality in the region;

groundwater impact assessment criteria, including trigger levels for investigating potentially
adverse groundwater impacts;

measures to minimise potential impacts on groundwater quality from the emplacement of
overburden on alluvial lands;

a program to monitor and assess:
i.  groundwater inflows to the mining operations;
ii.  impacts on regional and local (including alluvial) groundwater systems;
iii. impacts on the groundwater supply of potentially affected landowners; and

iv.  impacts on any groundwater dependent ecosystems and riparian vegetation.

The existing Groundwater Management Plan (as a component of the Water Management Plan)
will be updated to reflect the impacts predicted for the Project. The revised Groundwater
Management Plan will address the:

Increased zone of depressurisation in the Permian;
Drawdown in the Hunter River alluvium;
Groundwater seepages into the open cut pit;
Health of groundwater dependent ecosystems; and
Groundwater quality in the voids and aquifers.

The NOW DGRs require “Details of ongoing monitoring programs for groundwater quality and
quantity (minimum monthly data)”. The Groundwater Management Plan will consider the monthly
monitoring of groundwater quality; however, it is unlikely to be appropriate due to the naturally
slow movement of groundwater within the geological formations in the region. Annual monitoring of
groundwater quality is expected to be sufficient to detect any changes in water quality over time.
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16.0 GLOSSARY
Alluvium — Sediment (gravel, sand, silt, clay) transported by water (i.e. deposits in a stream
channel or floodplain).

Colluvium — Sediment (gravel, sand, silt, clay) transported by gravity (i.e. deposits at the base of a
slope).

Cone of Depression — The cone-shaped depression in the groundwater surface caused by
groundwater abstraction.

Hydraulic Conductivity — A measure of the rate at which water moves through a soil/rock mass. It
is the volume of water that moves within a unit of time under a unit hydraulic gradient through a
unit cross-sectional area that is perpendicular to the direction of flow.

Pumping Test — A test made by pumping a well for a period of time and observing the
response/change in hydraulic head in the aquifer.

Slug Test — A test made by the instantaneous addition, or removal, of a known volume of water to
or from a well. The subsequent well recovery is measured.

Storativity — The volume of water an aquifer releases from or takes into storage per unit surface
area of the aquifer, per unit change in head.

Transmissivity — A measure of the rate at which water moves through an aquifer of unit width
under a unit hydraulic gradient.
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LIMITATIONS OF REPORT

Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) has prepared this report
for the use of Hansen Bailey Pty Ltd in accordance with the usual care and thoroughness of the
consulting profession. It is based on generally accepted practices and standards at the time it was
prepared. No other warranty, expressed or implied, is made as to the professional advice included
in this report. It is prepared in accordance with the scope of work and for the purpose outlined in
the Proposal of 30 June 2011.

The methodology adopted and sources of information used by AGE are outlined in this report.
AGE has made no independent verification of this information beyond the agreed scope of works
and AGE assumes no responsibility for any inaccuracies or omissions. No indications were found
during our investigations that information contained in this report as provided to AGE was false.

This study was undertaken between 20 January 2011 and 30 June 2013 and is based on the
conditions encountered and the information available at the time of preparation of the report. AGE
disclaims responsibility for any changes that may occurred after this time.

This report should be read in full. No responsibility is accepted for use of any part of this report in
any other context or for any other purpose or by third parties. It may not contain sufficient
information for the purposes of other parties or other users. This report does not purport to give
legal advice. Legal advice can only be given by qualified legal practitioners.

This report contains information obtained by inspection, sampling, testing and other means of
investigation. This information is directly relevant only to the points in the ground where they were
obtained at the time of the assessment. Where borehole logs are provided they indicate the
inferred ground conditions only at the specific locations tested. The precision with which conditions
are indicated depends largely on the frequency and method of sampling, and the uniformity of the
site, as constrained by the project budget limitations. The behaviour of groundwater is complex.
Our conclusions are based upon the analytical data presented in this report and our experience.

Where conditions encountered at the site are subsequently found to differ significantly from those
anticipated in this report, AGE must be notified of any such findings and be provided with an
opportunity to review the recommendations of this report.

Whilst to the