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Dear Matt,

Groundwater model recalibration for the AZM closure and completion plan
1. Introduction
This letter has been prepared in accordance with a commitment outlined in the 2014 Angas Zinc Mine
(AZM) Program for Environment Protection and Rehabilitation (PEPR) which specifically relates to the
recalibration of the groundwater model with groundwater level monitoring data collected following the
closure of the AZM.
Recalibration of the groundwater model was undertaken to revise the predicted groundwater impacts post
mine closure. This requirement was discussed during a meeting with the Department for State
Development on the 14th of November, having previously provided comments relating to the AZM closure
plan in a response document dated 26/6/2014.
Additional information is provided in this letter and specifically relates to two key areas:



Recalibration of the groundwater model to improve the simulation of groundwater level recovery.
Revise the predicted groundwater quality impact from the potential generation of Acid Mine
Drainage (AMD) and compare this against the observed groundwater quality for this stage of mine
closure.

For the sake of brevity we have omitted detailed information regarding the mine closure, geochemical
modelling, groundwater model set up and simulations as we expect these to be well understood by the
relevant parties. This information and previous correspondence can be found in our original report (AGT,
2013) and our submission dated 6 November 2014.
The revised model predictions detailed within this letter indicate no significant change to the potential
impacts that were previously documented in our original assessment (AGT, 2013). Groundwater monitoring
has indicated that the contaminant concentrations simulated in the model were much higher than those
observed for this stage of the mine recovery and as such the model is highly conservative.
2. Background
The overall strategy for managing the risk of AMD during the closure of the AZM was achieved by filling of
the mine void space with waste rock and waste tailings and then flooding of the remaining void space with
groundwater to minimise oxidation and subsequent contaminant mobilisation.
Pumping of groundwater into the mine void commenced on 1/10/2013 and ceased when the groundwater
level reached 25 m AHD. The monitoring of groundwater levels and quality in the mine void and
surrounding wells was undertaken during the recovery phase and is ongoing.
The long term risks associated with AMD were evaluated via groundwater modelling and the outcomes
were reported in AGT, 2013. Following consultation with DEWNR, it was recommended to recalibrate the
numerical model with the groundwater level monitoring data to assess whether there were any changes to
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the overall groundwater impacts that were previously reported in the mine closure groundwater assessment
(AGT, 2013).
3. Recalibration of the 2013 AZM recovery model
The model used in this assessment has a long history and has been updated numerous times since it was
first developed by AWE in 2006 for the MARP. This model was revised again in 2007 as part of the AGT
study to dispose of the mine inflows into injection wells. At this time the model hydraulic properties were
adjusted to reflect the measured mean flow rate.
The model that was used to simulate the groundwater impacts from mine closure (AGT, 2013) was based
on the above model that had been calibrated in 2012 with groundwater levels obtained from shallow
monitoring wells AWE1, RG1 and LG2 (<30 m deep). Two of the well had become dry before 2010.
This model has now been recalibrated using groundwater levels collected during the mine closure
(recovery) phase from the mine void and much deeper wells (i.e. DH02) located closer to the mine void
than those wells mentioned above.
Recalibration of the model was achieved by altering the aquifer parameters until a close match was
observed between the predicted and observed groundwater level recovery curves.
The changes that were made to the model to improve the calibration and simulation of groundwater level
recovery included:






Reduction of the simulated pumping rates to match the actual pumping rates for the flooding of the
mine void.
Raising the elevation of the starting heads around the mine from -270 m AHD to -170 m AHD to
better match the observed heads prior to the start of the recovery phase.
Reduction of the Kh values for all model layers and zones (i.e. from 0.002 to 0.001 m/day and
0.007 to 0.0035 m/day for the regional fractured rock aquifer) to compensate for the lag time
between the observed and predicted groundwater level recovery curves.
Reduction of aquifer storativity to 0.0004.

4. Revised simulation of groundwater level recovery
The calibration of the hydraulic model has resulted in an improved simulation of groundwater level recovery
around the mine. A comparison of the observed and modelled groundwater recovery are shown in Figure 1
for key monitoring wells. The locations of these wells can be found in Figure 1 of the AGT, 2013 report.
Figure 1 shows that to date, the observed groundwater levels plot along the anticipated trend and a
groundwater sink has been maintained around the mine void, thereby containing any potential contaminate
from migrating away from the mine.
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Figure 1: Observed groundwater levels versus predicted groundwater levels for the recalibrated
recovery model. Also shown is the pre calibrated groundwater level recovery prediction (dashed
line) for mine void (as shown in AGT 2013).
Regional groundwater contours for the recalibrated recovery model are presented on Figure 2 for recovery
time periods of 6 months, 1 year, 10 years and 100 years.
When compared against the 2013 model predictions (see Figure 4 in AGT, 2013) it can be seen that the
initial hydraulic gradient towards the mine is not as steep as previously presented, but at 100 years post
mine closure, the recovered heads are close to those previously predicted.

Page 3 of 10

60

RG1

RG7RG8

RG7RG8

20

20

40

40

RG1

60

Mine Void

Mine Void

DH02

DH02
RG5

RG5

RG2RG3

RG2RG3

1 year

6 months

70

60

RG1

RG1

RG7RG8

RG7RG8
Mine Void

DH02

65

RG5

55

Mine Void

DH02
RG5

RG2RG3

RG2RG3

60
RG4
10 years

RG4
0

1,000
Metres

0

100 years

Metres

°

Groundwater Elevation (mAHD)
Angas Mine underground workings
Regional monitoring wells

Figure 2 | Groundwater recovery in Cambrian rock (Model layer 3)
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5. Revised simulation of groundwater quality impacts from AMD
AMD is characterised by low pH water and is typically laden with high concentrations of SO42-, Fe and other
dissolved metals (Zn, Cd, Co, Pb, Ni and Mn). Therefore the impact of AMD can be seen in water quality
indicators such as low pH or anions such as SO42-, which can be elevated above background
concentrations.
The groundwater model used a two-step sequential physical – chemical coupling method to solve solute
transport equations. Modelling was split into a hydraulic step to simulate groundwater flow, followed by a
chemical step, to simulate the transport of solutes (SO42-) and potential groundwater contamination.
Therefore, using the re-calibrated hydraulic model described above, we re-ran a contaminate transport
simulation to revise the predicted groundwater quality impacts.
For this exercise, we re-simulated the impacts of Scenario 3. This scenario is described under Section 3.4
of the AGT 2013 report and simulated the impact from oxidation of sulphides in the dewatering zone and
backfill material, resulting in the contamination of the surrounding groundwater. This scenario was selected
as out of all scenarios presented in the 2013 assessment, Scenario 3 represented a worst case
contamination event.
Previously the generation of AMD from the mine void was simulated in the model by assigning elevated
concentrations of SO42- to the water injected into the void space. This simulated the release of the
contaminant with time, as groundwater flooded the mine void, passing over the oxidised minerals.
In practice, the injection rates achieved were much lower (0.97 ML/week) than those adopted in the 2013
recovery model (6.9 ML/week) and it was found that the pumping of groundwater into the mine void at the
low rate of 0.97 ML/week had little influence on the rate of groundwater recovery. Due to the low pumping
rate, the simulation of AMD by assigning high concentrations to the injectant was no longer an appropriate
way to simulate the release of AMD. Instead in this predictive run, the initial contamination concentration
was assigned to the model cells that comprise the mine void.
The revised predicted extent of the SO42- contaminant plume as a result of oxidation in the dewatering zone
and backfill material are presented for different time periods in Figure 3. The revised SO42- concentration
curves for the mine void and DH02 are shown on Figure 4 together with the 2013 model predictions.
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Figure 3 | Plume migration - Oxidisation of mine void walls , Source SO4 conc. = 5500 mg/L
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Figure 4: Revised SO42- concentration curves for the mine void and DH02.
When compared to the original model predictions (in Figure 4), it can be seen that the remnant plume
disperses at a slower rate than previously predicted, with SO42- concentrations remaining elevated within
the mine void for a longer period of time (resulting from the change in the way in which the contaminate
was applied to the model). However, further away from the mine void, the model results show that there is
little movement of the contaminant plume out of the mine area and no foreseeable threat to the integrity of
the river to the west and south west of the mine site (Figure 3).
5. Predicted versus observed groundwater quality
The period of greatest contamination risk to the surrounding aquifer was prior to the flooding of the mine
void when oxidation of the backfill material was possible. Figure 1 shows the mine void has now filled to the
target level and as such the period of greatest risk has now passed.
As the groundwater quality impacts from AMD are not predicted to migrate outside of the mine lease,
towards the regional ‘RG’ monitoring wells, the monitoring of water quality from within mine void (at the
contaminate source), and nearby monitoring wells (DH03 and DH02) was considered to be the most
practical means for detecting the generation and migration of groundwater quality impacts.
The monitoring of key AMD water quality indicators such as pH, SO42- and metals has been undertaken in
the mine void and nearby monitoring wells (DH02 and DH03) on a quarterly basis. We consider these
samples to be representative of the groundwater at or near the potential source of AMD. As such these
monitoring points serve as ‘trigger’ points for ensuring that the concentration and migration of contamination
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are within the model predictions. The observed concentrations of SO42- are presented on Figure 5 together
with the revised model predictions.
A concentration of an AMD water quality indicator such as SO42- monitored at the source (i.e. in the mine
void) which is greater than the concentration that was adopted by the model could suggest a future impact
that is greater than predicted. Likewise, a contaminate detected in nearby wells DH02 and DH03 would
suggest a contamination plume that has migrated further than expected. Figure 5 shows that this is not the
case, with observed SO42- concentrations in the mine void being much lower (within the baseline range)
than the concentrations simulated by the model.
Due to the groundwater sink that is currently in place, there has been no indication of groundwater quality
impacts in nearby monitoring wells DH02 and DH03. The observed concentrations of SO42- in these wells
are consistent with pre mining concentrations (1,800 - 2,600 mg/L) (Figure 5) but ongoing monitoring is
recommended to confirm these trends.
Figure 3 indicates that any contamination plume is not expected to reach DH03 for many years and will not
reach DH02 at all. Despite this, monitoring should be maintained at these locations to ensure that the
migration of any unforseen contaminate plume (that is outside of the model prediction) can be detected.
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Figure 5: Simulated versus observed SO42- concentration curves for the mine void and DH02. Note
the background concentration assigned to the model was 2000 mg/L but limited pre mining
groundwater concentrations were between 1600 - 2600 mg/L
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Yours sincerely

Jason van den Akker
Principal Hydrogeologist
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