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Introduction

A numerical groundwater model has been established for the Mount Peake Project (the Project) to
undertake hydrogeological assessments to establish the likely baseline groundwater conditions and
evaluate potential hydrogeological changes from Project groundwater abstraction. The model set-up,
calibration and development of sensitivity analysis and predictive scenarios have been presented in the
Mouth Peak Project Groundwater Supplementary Report (GHD, 2017).
Since the completion of the Supplementary Report, the Project water balance has been revised due to
use of a dry-stacking option for mine site tailings deposition. The revised water balance has resulted in
less water being required for the Project, and as such a new groundwater modelling scenario was
required to assess the potential groundwater drawdown impacts. The following sections present the
results of the modelling reflecting the revised Project water requirements.

2

Simulation scenario

Following successful calibration in steady state, the numerical groundwater model was used to predict
the operation of the Project area, including mine pit development and operation of the borefield at a
revised capacity following updates to the Project water balance.
The aquifer parameters used in the predictive model were derived from the aquifer testing, steady state
calibration and a likely range of the parameters based on past experience and literature values of similar
formations (refer to Supplementary Groundwater Report, GHD 2017, for further discussion). The storage
parameters used are presented in Table 2-1. The hydraulic conductivity and recharge values used in the
prediction are the same as those used in the steady state calibration as presented in the Supplementary
groundwater report (GHD, 2017).
A transient prediction run was undertaken to model cumulative impacts from borefield operation and
mine pit development. The scenario represents the operation of the borefield in the palaeovalley and
development of the mine pit. The mine pit is modelled with incremental pit advancement between year 1
and 17.
The transient prediction model was run for 100 years. This includes two stages of borefield operation and
closure as presented in Table 2-2. Following cessation of mining, borefield abstraction stops and the
model is run for a further 83 years to predict groundwater level recovery in the palaeovalley and
surrounding the pit.
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Table 2-1
Layer

Storage parameters used in the prediction1
Outside palaeovalley

Description

Palaeovalley

Ss

Sy

Ss

Sy

1

Weathered bedrock outside palaeovalley, and
sandy silt layer in the palaeovalley

1E-5

0.01

1E-5

0.05

2

Transition zone outside palaeovalley and, lower
sand and gravel aquifer in the palaeovalley

1E-5

0.005

1E-5

0.1

3

Fresh bedrock

1E-5

0.001

1E-5

0.001

4

Fresh bedrock

1E-5

0.001

1E-5

0.001

This model has been set up with annual stress periods for the first 20 years with each stress period
comprising 12 time steps followed by two stress periods of 10 year duration (with 10 time steps each)
and the last stress period of 60 years duration with 20 time steps.
Table 2-2

Borefield abstraction for modelling scenario

Stage

Years

Annual volume
(GL)

Litres/second

Number of bores

1

1-4

1.2

38.6

6

2

5-17

1.7

55.5

9

Closure

18-100

zero

zero

NA

2.1

Simulation results

2.1.1

During mining – Stage 1 (years 1-4)

Bore rates
5 at 5.4 L/s
1 at 11.5 L/s
8 at 5.5 L/s
1 at 11.5 L/s
NA

For Stage 1 borefield operation, a total of six active production bores are simulated. This includes a bore
(16MPWB017) being operated at 11.5 L/s and the remaining five bores operating at 5.4 L/s. The total
abstraction rate all bores is 38.6 L/s (1.2 GL/annum).
Transient model drawdown impacts are illustrated for the end of Stage 1 in year 4 on Figure 2-1.
Drawdown profiles for the borefield are presented on Figure 2-2 which shows the drawdown in metres
along the length of the Hanson River channel and running through the location of each production bore
(i.e. showing maximum drawdown in the area immediately adjacent to active bores).
As illustrated by Figure 2-1 and Figure 2-2, at the end of Stage 1, a drawdown more than 1 m is only
occurring in the immediate region of the borefield and palaeovalley.
A maximum drawdown of less than 4 m is predicted to occur in the region of the six active production
bores. This is the maximum drawdown predicted for the grid cell (cell size 200 m2), therefore drawdown
greater than this may occur immediately adjacent to the active abstraction bores. Analysis of the data
from the 11 day constant rate test for monitoring bore 16MPWB007 which is located 13 m from
16MPWB017 confirms the drawdown estimate, with around 4 m of total drawdown predicted by forward
plotting the monitoring bore drawdown, albeit at a higher pumping rate used during the test (18 L/s), but
with no cumulative effect from multiple pumping bores.

1

Ss: Specific Storage (1/m), Sy: denotes Specific Yield
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Figure 2-1 Simulated transient groundwater levels for end of Stage 1 (year 4)
The extent of drawdown at the end of Stage 1 is limited to the palaeovalley, with up to 1 m drawdown
extending to around 1.3 km south of the Stage 1 active borefield, and 1.0 km north of the Stage 1 active
borefield.
Predicted drawdowns at the existing pastoral bores are presented as Table 2-3. This data shows that at
the end of Stage 1 (4 years of borefield operation), Browns Well will be impacted by 0.1 m of drawdown,
and Middle Well (inactive) by 3.6 m of drawdown. Middle Well is located immediately adjacent to the
proposed operational bore 16MPWB05.
The water balance at the end of stage 1 borefield operation is presented as Table 2-4. The data
highlights that the majority of water abstracted from the bores is coming from storage within the aquifer,
and not from either throughflow or rainfall recharge.
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Figure 2-2 Drawdown profile – Hanson River alignment
Table 2-3

Modelled drawdown at pastoral bores/wells
Distance
from mine2

Distance
from
borefield3

Transient
drawdown
(4 yrs)

Transient
drawdown
(17 yrs)

Transient
drawdown (100
yrs)

Mudhut Bore

9

14

<0.05

<0.05 m

<0.05 m

Boko Bore

11

12

<0.05 m

<0.05 m

<0.05 m

Browns Well

19

2

0.1

1.5 m

2.7

Wollogolong Bore

33

2

<0.05 m

1.9 m

2.0 m

Middle Well (inactive)

28

0

3.6

8.4 m

3.3 m

Mt Peake Creek Bore

22

9

<0.05 m

<0.05 m

<0.05 m

Mistake Bore

20

24

<0.05 m

<0.05 m

<0.05 m

Junction Well

28

14

<0.05 m

<0.05 m

0.9 m

Twin Soak Bore

45

15

<0.05 m

<0.05 m

0.5 m

Bore/well

Table 2-4

Water Balance at the End of Stage 1 (year 4)

Water Balance Component

Inflow (m3/d)

Outflow (m3/d)

Storage

3341

0

Recharge

1199

0

Constant head boundary

89

1288

Abstraction bores
Total

3340
4629

Water Balance Error

2

Distance from centroid of drawdown cone at mine (km)

3

Distance from centroid of drawdown cone at borefield (km)
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4628
0.02%

4

2.1.2

During mining – Stage 2 (years 5-17)

For Stage 2 borefield operation, a total of nine active production bores are simulated. This includes a
bore (16MPWB017) being operated at 11.5 L/s and the remaining eight bores operating at 5.5 L/s. The
total abstraction rate for all bores is 55.5 L/s (1.7 GL/annum) (see Table 2-2).
Transient model drawdown impacts are illustrated for the end of Stage 2 in year 17 on Figure 2-3 for the
area of the mine pit and Figure 2-4 for the area of the borefield. Drawdown profiles for the borefield and
mine site are presented on Figure 2-2 (borefield) and Figure 2-5 (mine site and borefield) which shows
the drawdown in metres along the length of the Hanson River channel and west east through the mine
site and borefield respectively.
As illustrated by Figure 2-3 and Figure 2-5, at the end of Stage 2, due to the depth of excavation within
the mine pit, mining dewatering has resulted in drawdown of up to 80 m in the area immediately around
the areas of the deepest part of mining. Dewatering within the pit is to be facilitated though use of in-pit
sumps, therefore the areas of dewatering impact will largely mimic the outline of the pit. The modelled
extent of drawdown resulting from pit dewatering is relatively limited to areas close to the pit, with
drawdown of more than 1 m modelled to occur to a maximum distance from the pit of around 1.3 km to
the east and west of the pit. This includes drawdown of up to 10 m at the western side of Murray Creek.
Due to the relatively localised drawdown, no drawdown impacts at 17 years are expected within the area
of proximate receptors such as Mud Hut Swamp.
As illustrated by Figure 2-4 and Figure 2-5, drawdown within the borefield area is modelled as being up
to 9 m at the location of the operating bores in the centre of the borefield. Drawdown decreases
significantly with distance away from the palaeovalley. The 1 m drawdown contour extends to around
5.7 km south of the borefield, and 3.7 north of the borefield. The extent of drawdown is a considerable
distance away (approximately 33 km for the modelled 1 m drawdown) from the inflow zone around
Stirling Swamp.
The predicted drawdowns at the existing pastoral bores for the end of mining (year 17) are presented in
Table 2-3. The data indicates that the inactive Middle Well, located adjacent to an active production bore,
will experience up to 8.4 m drawdown. The only active bores that are impacted are those two closest to
the borefield; Browns Well and Wollogolong Bore are modelled to be impacted by 1.5 m and 1.9 m of
drawdown respectively.
The water balance at the end of stage 2 borefield operation is presented in Table 2-5. As presented in
Table 2-5, the main input in to the model is via storage which accounts for 79% (4922 m3/d) of the total
input followed by recharge 19% (1199 m3/d). The main output from the model is via groundwater
abstraction (bores) which account for 77% (4798 m3/d) followed by constant head boundary 21%
(1288 m3/d). The mine-pit accounts for only 2% (124 m3/d) of the total water balance.
The data highlights that the majority of water abstracted from the bores is coming from storage within the
aquifer, and not from either throughflow or rainfall recharge. Also, it should be noted that constant head
boundary inflow and outflow remains the same with comparison to the steady state simulations, this also
indicates that no impact reaches the model inflow/outflow boundaries.
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Figure 2-3 Simulated transient groundwater drawdown – mine site at 17 years (contours 1 m and
5 m intervals)
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Figure 2-4 Simulated transient groundwater drawdown – borefield at 17 years

Figure 2-5 Drawdown profile – West-east alignment through minesite and borefield
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Table 2-5

Water Balance at the End of Stage 2 (year 17)

Water Balance Component

Inflow (m3/d)

Outflow (m3/d)

Storage

4922

0

Recharge

1199

0

Constant head boundary

89

1288

Abstraction bores

0

4798

Mine pit

0

124

Total

6210

6210

Water Balance Error

2.1.3

0.00%

Post mining – 100 years

Transient model drawdown impacts are illustrated for year 100 on Figure 3-1. The 100 year drawdown
plot represents the drawdown and subsequent recovery at the borefield and drawdown around the pit
after cessation of mining/abstraction for 83 years.
At 100 years, the drawdown within the area of the borefield has recovered from a maximum drawdown at
17 years, to a 100 year drawdown of generally less than 3 m. Whereas the amount of drawdown near the
borefield is reduced, the extent of drawdown increases slightly as groundwater from storage drains to the
area of the recovering borefield.
In the area of the minesite, the extent of drawdown increases slightly with respect to the 17 year
drawdown. The 1 m drawdown contour extends to around 4 km from the mine pit. This indicates that
impacts at 100 years are unlikely to reach the area of Mud Hut Swamp, which is located 8 km north of
the mine pit.

3

Model limitations

This model has been classified as Class 1 (low confidence model), based on steady state calibration
followed by transient predictions (Barnett et al. 2012), hence its results should be treated in line with the
expectation of a low confidence model.
The aquifer characteristics (their property, lateral and vertical extent) of the palaeovalley aquifer have
been developed from drilling investigations limited to the western half of the palaeovalley due to limited
access to the east of the valley. Aquifer characteristics have been reasonably well tested and defined in
this western area, particularly for the area of the Stage 1 (year 1 to 4) borefield. However, a total of six
additional bores are still required (three extra for each stage) to meet the supply demand of the project
(assuming a typical bore yield of around 6 L/s). Due to the heterogeneous nature of the aquifer, the
actual supply from these proposed bores could provide greater or lower yields, and therefore the
borefield plan would need to be adjusted accordingly and further modelling completed to determine the
change in potential impacts.
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The model has taken a conservative approach to the recharge characteristics (i.e. low recharge value
used) to allow for uncertainty in the recharge mechanisms that may be present along the active river
channels. There is regional evidence that flood events can directly recharge the alluvial aquifer resulting
in significant groundwater level increases that perpetuate for over a period of years to decades
(Wischusen et al. 2012). Such events could result in a sudden recovery of groundwater levels that have
declined from pumping, however this needs to be substantiated though on-site monitoring of levels and
responses to flood/flow events. The infrequent nature of such flood events is also problematic to account
for in prediction modelling.

Figure 3-1 Drawdown at 100 years

4

Modelling conclusions

Confidence in the groundwater modelling results has been improved following the additional drilling and
testing that has been completed during 2016 in the area of the proposed borefield. This has provided
further definition of the aquifer extents and has provided further data on aquifer properties.
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The modelling has demonstrated that a maximum groundwater drawdown of up to around 9 m is
expected at the location of operating bores within the borefield. Drawdown is seen to slowly increase
over the duration of operation, with the maximum drawdown modelled at the end of the 17 year
operational period. Drawdown decreases significantly with distance away from the palaeovalley and
borefield. The 1 m drawdown contour extends to a maximum distance from a pumping bore of around
5.7 km to the south of the borefield at the end of 17 year.
The model water balance for the end of mining and borefield operation (17 years) demonstrates that the
majority of water abstracted from the bores is coming from storage within the aquifer (79%), and not from
either throughflow or rainfall recharge. As such, the model predictions indicate that groundwater levels at
the up-gradient model boundary, in the area adjacent to Stirling Swamp and outflow of the Ti Tree basin,
are not impacted by abstraction from the borefield.
At the end of mining, drawdown under transient conditions reaches a maximum of around 80 m within
the immediate area of the mine pit, and rapidly decreases with distance from the pit. The 1 m drawdown
is modelled to occur to a maximum distance from the pit of around 1.3 km to the east and west of the pit.
Drawdown of up to 10 m is expected at the western side of Murray Creek. Due to the relatively localised
drawdown, no drawdown impacts at 17 years are expected within the area of Mud Hut Swamp.
The modelling indicates groundwater level impacts at some existing stock bores as a result of borefield
abstraction. Existing active stock bores closest to the borefield are modelled as having a groundwater
level reduction by up to around 2 m. Such a reduction in groundwater levels may lead to the existing
stock bore infrastructure being inadequate to provide stock water supply.
At 100 years, the groundwater levels recover in the area of the borefield, with maximum drawdown
reducing to around 3 m. However the overall extent of drawdown does increase with the 1 m drawdown
contouring reaching 16 km from the borefield as groundwater from storage drains to the recovering
borefield.
Drawdown extent in the area of the mine site at 100 years increases to around 4 km from the mine pit for
a 1 m drawdown. No drawdown impacts at 100 years are expected at Mud Hut Swamp.
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Recommendations

Based on results of the groundwater flow modelling, the following recommendations are made:


The groundwater model should be revisited and updated following the completion of additional drilling
that is required to complete the Stage 1 and Stage 2 borefield. For example, if aquifer parameters
(and recommended bore pumping rates) at new drill sites are different to those assumed in the
model, further assessment will be required to quantify potential groundwater impacts. Additional data
will allow the model to be refined and improve its confidence levels;



A borefield monitoring plan (water level and quality) comprising of locations between pumping bores
and at the extents (especially to the north and south) of the borefield should be implemented to
further assess baseline groundwater conditions and to monitor aquifer performance and to feed back
into modelling data;



Since a number of stock bores are likely to be impacted due to borefield abstraction, a base line
assessment of these bores and a make good agreement should be developed with the owners prior
to the development of the borefield. This could involve either the deepening of the existing bore,
lowering the pump setting, drilling another bore next to existing bore or by supplying the required
water demand from external sources (e.g. pipeline offtake).
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