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Executive Summary
This report details the methodology and results of the groundwater modelling that was undertaken to
evaluate the potential long term groundwater related risks, which may be associated with the failure of
a number of mine closure strategies to be undertaken at the Angas Zinc Mine.
The groundwater modelling outcomes contained in this report form part of the risk evaluation
assessment undertaken for the Angas Zinc Mine Closure and Completion Plan, being completed by
Terramin Pty. Ltd.
A summary of the mine closure strategies, groundwater related risks and modelling predictions are
provided in Table E1 below.
Table E1: Summary of mine closure task, potential hazard and model predictions
Closure task

Potential Hazard

Model predictions

Evaporation of the remaining water
in the Tailings Storage Facility
(TSF), encapsulate remaining
tailings with a liner, apply capping
layer, revegetate and re-contour the
final land form to minimise
infiltration and leakage.

Degradation of TSF basal liner
leading to higher leakage rates
and groundwater
contamination.
Greatest risk of contamination
to the shallow groundwater
system will occur within the
first 6 months, prior to full
evaporation of TSF water

A range of scenarios were undertaken to
evaluate a range of contaminant fluxes.
Failure of the basal liner and
contamination of the groundwater
system will result in eventual break
through at the southern lease boundary
(within 140 - 160 years) and at the river
(within 424 years) at concentrations
consistent with baseline conditions.

Filling of the mine void space with
waste rock and waste tailings and
then flooding of the remaining void
space with groundwater (and some
surface water) to a target level of
25 m AHD to minimise oxidation
and subsequent contaminant
mobilisation.

Re-contouring of the boxcut, which
will serve as a wetland and allow
surface water to drain into the mine
(via the portal) for a period of 7
years. The Portal will be filled with
large rocks and capped with a
concrete plug.

Oxidation of sulphides in the
dewatering zone and backfill
material resulting in
contamination of surrounding
groundwater.

Failure of the portal cap
resulting in a sudden ingress
of stormwater from the boxcut
wetland, causing groundwater
mounding and movement of
groundwater contamination
further away from the mine

Groundwater levels in mine void space
will recover to the target level of 25 m
AHD within 400 days of flooding the
mine.
Aside from temporary contaminant
breakthrough at the northern boundary
of the mine lease, modelling revealed
little movement of groundwater outside
the mine lease and no foreseeable
contaminant threat to the Angas River
and surrounding users.
Risk of stormwater ingress will be
eliminated once groundwater levels rise
above wetland water elevation, at ~ 80
years.
Downward leakage can only occur whilst
groundwater sink remains in place.
Simulation of stormwater ingress
revealed a small but temporary rise of
GWL in the mine void, but no
groundwater mounding.
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1 Introduction
1.1 Background
This report has been prepared as a supporting document for the Angas Zinc Mine
Closure and Completion Plan, and details the results of the groundwater modelling
that was undertaken to evaluate the potential long term groundwater related risks,
which may be associated with the failure of a number of mine closure strategies.
A detailed description of all mine closure tasks and hazards are provided in the main
report document, however those relevant to this groundwater assessment are
summarised below.
Relevant mine closure strategies include:






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.
Evaporation of the remaining water in the Tailings Storage Facility (TSF),
encapsulate remaining tailings with a liner, apply capping layer, revegetate
and re-contour the final land form to minimise infiltration and leakage.
Re-contouring of the boxcut, which will serve as a wetland and allow surface
water to drain into the mine (via the portal) for a period of 7 years. The Portal
will be filled with large rocks and capped with a concrete plug.

After discussion with Terramin, the following groundwater model simulations were
undertaken:







Flooding of the mine void space with groundwater pumped from surrounding
wells, with a minor contribution of surface water drainage from the boxcut
wetland (addressed under Section 3.2 of this report).
Degradation of TSF basal liner leading to higher leakage rates and
groundwater contamination (addressed under Section 3.3 of this report).
Oxidation of sulphides in the dewatering zone and backfill material resulting in
the contamination of surrounding groundwater (discussed under section 3.4 of
this report).
Failure of the portal cap resulting in a sudden ingress of stormwater from the
boxcut wetland, causing groundwater mounding, and movement of
groundwater contamination (addressed under Section 3.5 of this report).

The locations of the underground mine workings, TSF and the groundwater
monitoring and injection wells are shown on Figure 1.
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2 Numerical model construction
2.1 Previous versions of the numerical groundwater flow model
Comprehensive numerical groundwater modelling was undertaken by AGT in support
of the Terramin Angas Zinc Mine closure plan and was reported in Angas Mine
Closure Numerical Modelling – report 1122d-12-TAB (AGT, 2012). The main focus of
this modelling report was to investigate the groundwater recovery time in the fractured
Cambrian bedrock containing the Angas Zinc Mine underground workings and to
investigate the solute transport of key parameters (salinity, lead, zinc, copper and
cadmium) in the deep fractured rock associated with the mine recovery scenarios.
The numerical model used in the AGT 2012 Angas Mine closure numerical modelling
study was constructed using the USGS groundwater flow modelling code MODFLOW
and associated solute transport code MT3DMS via the graphic user interface
Processing Modflow (PMWIN).
The details of the numerical model used in the AGT 2012 Angas Mine groundwater
recovery numerical modelling study are reported in detail in AGT (2012) but can be
summarised as:















Four layer, three dimensional flow, hydraulic (groundwater level) and solute
transport model.
Layers 1 to 4 represent (in order):
o Quaternary and Tertiary sediments (Layer 1).
o Weathered bedrock of low permeability (Layer 2).
o Fractured Cambrian bedrock, containing the underground workings
(Layer 3).
o Deeper bedrock below the underground mine workings (Layer 4).
The numerical model domain covered an area of 25.7 km2, extending from
Easting/Northing (308000, 6100020) to (313113, 6094995) with the Angas
Zinc Mine lease located essentially centrally.
Model aquifer hydraulic properties were generalised in the first two and the
fourth model layers in keeping with the text-book values for the lithology
encountered.
Layer 3 model aquifer properties were highly zoned, including representation
of bedrock fractures and the mine void (both done with cell zones of
increased hydraulic conductivity, specific yield, specific storage and effective
porosity).
The model mine void was represented by a strip of cells in the third model
layer of dimension (X, Y, Z) of 12.5 m x 480 m x 290 m; with the applied
Specific Yield and effective porosity of 0.142 the resulting model mine void
volume was 240,780 m3 (4% greater than the estimated void space supplied
by Terramin, allowing for some additional porosity in the mine fill materials).
Seven different mine recovery scenarios were investigated, involving a range
of different injection scenarios (including no injection) with different source
waters (rainfall runoff, River Murray water, groundwater and TSF water).
Solute transport modelling was reported as salinity transport for injection
scenarios involving rainfall runoff only (Scenario 1), rainfall runoff/TSF
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water/River Murray water (Scenario 3) and rainfall runoff/TSF
water/groundwater (Scenario 6).
Solute transport modelling was reported as selected heavy metals transport
for a scenario involving injection of TSF water (Scenario 6).

2.2 Updates made to the numerical groundwater flow model
The model developed for this project is primarily based on the model that was used in
the 2012 Angas Mine closure groundwater assessment (AGT, 2012). This model,
through a number of upgrades had been improved from the original 2006 model
(AWE, 2006) developed in support of the mine approvals.
Hydraulic property data obtained from a number of wells in the area were used to
improve the current model in terms of the hydraulic parameters of the Tertiary
sediments (Layer 1). This has resulted in an improved simulation of groundwater flow
and contaminant transport in Layer 1, which was required to evaluate a number of
TSF leakage scenarios.
The following summarises the updates that were made to the numerical model since it
was last reported in AGT, 2012:








Update of horizontal hydraulic conductivity properties in model Layer 1 to be
consistent with permeability data taken from testing conducted by Australian
Tailings Consultants (ATC) – distribution is shown on Figure 2.
Update of horizontal and vertical hydraulic conductivity properties in Model
Layer 2 to be consistent with permeability data taken from testing conducted
by ATC. The result was a decrease of horizontal hydraulic conductivity from
0.012 to 0.005 m/day to reflect the hydraulic property data for the highly
weathered bedrock zone above the Cambrian bedrock of the mine void. The
vertical hydraulic conductivity was assigned as 0.1 of the hydraulic
conductivity.
Reduction in the size of the model mine void in line with updated estimates of
end of mining (EOM) void volume from Terramin. The revised EOM mine void
volume was 155,958 m3. This is substantially smaller than the initial figure
used in the previous modelling report, 237,429 m3. To accommodate this, the
specific yield was updated to 0.093 (reduced from 0.142), resulting in a model
mine void volume of 161,820 m3 maintaining the 4% over estimation of void
volume from original report that allowed for porosity within the fill material.
Update of groundwater and surface water injection volumes to reflect the new
mine closure injection strategy.

The model domain and the distribution of aquifer transmissivity for Layer 1 are shown
on Figure 2.
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Layer 1 Transmissivity values

Figure 2 Groundwater model set up
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3 Groundwater model predictions
3.1 Overview of numerical model scenarios and results
A number of model simulations were undertaken to evaluate the groundwater related
impacts for each mine closure task and hazard scenario. A brief description of each
hazard scenario, model simulation and the results of each simulation are provided in
Table 1, with additional detail provided in the following sections of this report.
Groundwater modelling was undertaken using a two-step sequential physical –
chemical coupling method to solve solute transport equations. In this approach,
modelling was split into a hydraulic step to simulate groundwater flow, followed by a
chemical step to simulate the transport of solutes and potential groundwater
contamination.
The scenario 1 model is a hydraulic model which included the update of mine injection
recovery volumes. The scenario 1 hydraulic model then formed the basis for the
subsequent contaminant transport models (scenarios 2 to 4).
Groundwater level modelling results are discussed in this report as groundwater
elevation with reference to Australian Height Datum (AHD). This is an industry
standard practice but does not indicate the predicted groundwater level with reference
to the land surface. The land elevation is variable across the Angas Zinc Mine lease,
ranging from approximately 55 – 75 m AHD.
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Table 1: Summary of mine closure, hazard scenario and model predictions
Potential
Hazard
Simulated

Details of scenario

Assumptions

Model Predictions

Update of mine
injection
recovery
(accelerated
recovery)

Pumping from 4 bores
and injecting into mine
workings via 1 injection
well for 400 days (until
GWL reaches 25 m
AHD) + stormwater from
boxcut (0.5 L/s) for the
first 7 years

4 bores pumping at 4L/s x 24hrs
day x 5 day/w for 60 weeks (400
days) to reach target elevation of
25 m AHD + stormwater infiltration
of 0.5L/s over the first 7 years.

Modelling predicted that groundwater
level will recover to 10 m AHD within 180
days and 25 m AHD within 400 days of
flooding.

Worse case: 250 mm/y x
[Zn] 200 mg/L over the
first 6 months

Disruption of
TSF basal liner
leading to
higher leakage
rates

Best case: 10 mm/y x
[Zn] 5 mg/L over the first
6 months
Mid case: 100 mm/y x
[Zn] 100 mg/L over the
first 6 months
Intervention: 250 mm/y x
[Zn] 200 mg/L over 1
month

Disruption of
TSF cap
leading to
higher
infiltration rates

Leakage values
considered to be lower
than those modelled
above

Oxidation of
sulphides in
dewatering
zone

[SO42-] = 5,507 mg/L
supplied by URS.
Concentration applied to
dewatering zone by
applying concentration to
injected groundwater
over the first 6 months of
flooding

Oxidation of
sulphides in
backfill material

[SO42-] = 1,538 mg/L
supplied by URS.
Concentration applied to
backfill area by applying
concentration to injected
groundwater over the
first 6 months of flooding

Failure of portal
cap and ingress
of stormwater
into mine void
resulting in,
mounding and
further
mobilisation of
AMD.

Failure of portal cap, and
groundwater mounding
represented by injection
of water (14 ML) into
mine workings.

[Zn] and leakage rates supplied by
URS for all of TSF footprint.
Leakage rate was converted to
volume based on the internal
surface area of the TSF (14 ha)
and applied to layer 1 via 4
injection wells which represent 4
failure points in the basal liner.
TSF water will evaporate within 36 months, therefore duration of
max leakage limited to 6 months.
The intervention scenario
assumes leakage is detected and
minimised by pumping (removal of
source) from TSF within 1 month.
Stormwater will be diverted away
from TSF thereby reducing
infiltration and leakage. Potential
leakage and contamination rates
are considered to be lower than
the scenarios evaluated above.

[SO42-] is a key water quality
indicator for AMD.
Generation of AMD will occur
throughout the first 6 months of
flooding.
Background [SO42-] = 2,000 mg/L

All water in the wetland (14 ML)
drained into mine within 5 days,
followed by an ongoing
stormwater contribution of 0.5L/s
for 360 days.
The mobilisation of AMD from the
ingress of stormwater will be
negligible, due to small drainage
volume.

Temporary max [Zn] of 4 mg/L at
southern boundary at 140 years and 0.8
mg/L at river by 424 years
Temporary max [Zn] of 0.036 mg/L at
southern boundary at 140 years and
0.004 mg/L at river by 424 years
Temporary max [Zn] of 0.8 mg/L at
southern boundary at 140 years and
0.16 mg/L at river by 424 years
Temporary max [Zn] of 0.6 mg/L at
southern boundary at 160 years and 0.3
mg/L at river by 424 years

As above, modelling not warranted

Aside from a breakthrough of limited
duration at the northern boundary,
modelling revealed little movement of
groundwater out of the mine lease area
and no foreseeable contamination threat
to the Angas river.

Risk of stormwater ingress will be
eliminated once groundwater levels rise
above wetland water elevation, at ~ 80
years.
Downward leakage can only occur whilst
groundwater sink remains in place and
therefore no potential for groundwater
mounding.
Simulation of stormwater ingress
revealed a small but temporary rise of
groundwater in the mine void, but no
mounding.
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3.2 Model Scenario 1: Update of mine injection recovery
3.2.1 Overview
The main objective is to accelerate the groundwater recovery of mine void space to
minimise oxidation and subsequent contaminant mobilisation from the dewatering
zone and backfill material. This will be achieved by flooding the remaining mine void
space with groundwater such that the mine void groundwater levels recover to 25 m
AHD (~40 m BGL1) as rapidly as possible.
Groundwater will be pumped from four wells which surround the mine, and reinjected
into the mine void via a pipeline that runs to the bottom of the mine workings, filling
the mine from the bottom up. The pipeline is represented in the model by a model
injection well which targets the mine underground workings.

3.2.2 Methodology
The flooding of the mine void space was simulated in the model by injecting
groundwater and some surface water into a single injection well which targeted the
mine void space in Layer 3.
Groundwater will be pumped from four surrounding wells and reinjected into the mine
void via a single pipeline. Surface water will drain from the box cut wetland and be
directed through a pipeline down the decline for the first seven years post mine
closure.
The flooding of the mine void space was simulated in the model as follows:




Pumping groundwater from 4 wells (R1, R2, R3 and R6), each with an
assigned pumping rate of 4 L/s x 24 h/d x 5 days/week (1.73 ML/b/w), and the
subsequent injection (of 6.9 ML/w) into the mine void space via a single
injection well. Pumping and injection was terminated once groundwater levels
within the mine void recovered to the target level of 25 m AHD.
Injection of surface water at a rate of 0.5 L/s (0.3 ML/w) into the same
injection well (as above) for a period of seven years post mine closure, to
represent the drainage of surface water from the box cut wetland via a
pipeline down the decline.

The model simulation time was 1000 years.

3.2.3 Results
The simulated groundwater level recovery for Angas Zinc Mine wells DH02, LG2 and
AWE1 is shown on Figure 3. Also shown is the elevation of the bottom of each
drillhole (end of hole) and the target groundwater recovery elevation of 25 m AHD
(Figure 3).

1

BGL = below ground level

8

Groundwater modelling for the Angas Zinc Mine Closure and Completion Plan

Mine void recovery

Model Time (days)
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1: EOH = end of hole

Figure 3: Predicted groundwater for Angas Zinc Mine wells DH02, LG2 and
AWE1
The model predicts that it will take about 400 days of pumping (equating to an
injected volume of 393 ML) to flood the mine void to the target level of 75 m bgl.
The rate of groundwater level recovery in the mine void drastically reduces after about
180 days of pumping. Figure 3 shows that whilst it only takes about 180 days (179
ML) to flood the mine to a depth of 90 m bgl, an additional 220 days of injection
(requiring an additional 214 ML) is required to flood the mine to the target depth of 75
m bgl. This is considered to be a function of the higher aquifer storage coefficient that
was allocated to the surrounding rock in the upper layers of the model, thereby
requiring more water to re-pressurise the aquifer than the lower model layers.
Due to the regional groundwater depression, it is likely that upon reaching the target
level, the mine void will be regularly topped up to maintain the groundwater level at
the target elevation.
Monitoring of water levels in the mine void and surrounding deep wells will be
undertaken regularly during injection, so that the actual rate of groundwater recovery
can be compared against the model predictions (Figure 3). The monitoring of
groundwater level will also ensure that over-injection does not occur, as this could
result in temporary groundwater mounding at the mine site, which could force water
(and potential contaminants) outwards from the mine voids.
Regional groundwater contours are presented on Figure 4 for recovery time periods of
6 months, 1 year, 10 years and 100 years. Figure 4 shows that under the revised
mine flooding regime, the mine void behaves as a groundwater sink for some time
(~75 years). This groundwater sink will ultimately contain any contaminant plume
within the mine lease until which time the groundwater levels recover. Once the
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groundwater levels around the mine have recovered, the remanent contaminant
plume will disperse southward along the natural groundwater flow path. It should be
noted that the accelerated recovery operation will not generate a contaminate plume.
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3.3 Model Scenario 2: Failure of the TSF basal liner and cap
cover leading to higher leakage rates
3.3.1 Overview
Failure of the TSF basal liner
The greatest risk of contamination to the water table would occur if there was
(chemical) degradation of the TSF basal liner at a time when tailings are saturated.
The remaining TSF water will be removed including any remaining process water
present at time of closure using the existing sprinkler system to disperse the water
over the tails beach where it would then be evaporated.
Based on evaporation figures from the Strathalbyn Bureau of Meteorology it is
estimated that it will take 3 to 6 months (depending on the season and the level of
rainfall) for the estimated 20 ML of TSF water to evaporate. Timely removal of water
from the TSF would allow earthworks to proceed, covering tails material in the TSF as
quickly as possible.
The worst case scenario represents failure of the basal liner at some time in the first 6
months, when the saturation head in the TSF (and therefore leakage potential) is
greatest. In this case, the head of the basal liner system would correspond to the
thickest tailings inside the TSF. Leakage through the basal liner would be controlled
by the permeability of the clay only, which assumes the plastic liner has degraded and
would not be acting as a hydraulic barrier. Under these conditions URS have
calculated leakage rates of between 100 mm/year and 250 mm/year, which represent
moderate and worst case scenarios. A leakage rate of 10 mm/y was recommended by
URS as the best case scenario.
The Zn concentrations of TSF leachate provided by URS were 5, 50, 100 and 200
mg/L.
Failure of the TSF Cover
It is also recognised that disruption of the TSF cover (i.e. via penetration of tree roots
etc) and subsequent flooding of the TSF could also result in higher infiltration/seepage
rates and the subsequent contamination of groundwater.
The final land form of the TSF would be shaped to ensure no surface water will enter
the TSF area.
Increase leakage resulting from the failure of the TSF cap was not modelled as it was
considered that the potential leakage rates (and therefore groundwater contamination)
under this scenario would be lower than the leakage rates that were evaluated above
(degradation of the basal liner under full saturation).
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3.3.2 Methodology
The TSF leachate resulting from the degradation of the TSF basal liner was simulated
using the MODFLOW well package. Four injection wells were used to simulate the
leakage and contaminate flux to model cells below the TSF (Layer 1).
The injection wells were placed at nominal locations within the boundary of TSF to
reflect the failure of the basal liner at a number of places.
The leakage (injection) rates were calculated based on the leakage rates provided by
URS (10 mm/y, 100 mm/y and 250 mm/y), multiplied by the internal area of the TSF
(14 ha). These rates, along with Zn concentrations were assigned to each of the four
wells to evaluate a range of contamination fluxes. The range of contaminant fluxes
simulated is presented in Table 2.
Table 2: TSF basal liner leakage scenarios

Scenario

Leakage rate

Duration of
leakage

Total volume
leaked from
TSF

TSF source
[Zn]

mm/y

L/s

months

ML

mg/L

Worst case

250

1.1

6

17.1

200

Moderate case

100

0.4

6

6.2

100

Best case

10

0.04

6

0.6

5

Intervention

250

1.1

1

2.9

200

Based on the estimated time to evaporate the water in the TSF, the greatest risk of
contamination to the shallow groundwater system will occur within the first 3 to 6
months of mine closure, when the leakage potential is greatest. In our model we
simulated a constant contaminate flux for the first 6 months following mine closure.
This is considered to be highly unlikely as:



The TSF basal liner would need to fail on day one and continue to leak for 6
months with no intervention.
In reality, the potential leakage rate would reduce with time, as the water in
the TSF is evaporated and the saturated (‘driving’) head in the TSF is
reduced.

We have also simulated an ‘intervention’ scenario, whereby leakage from the TSF is
detected and controlled by pumping water out of the TSF (thereby removing the
source), within 1 month.
The native Zn concentration of the surrounding groundwater was set at 0 mg/L so that
net increases as a result of contamination from the TSF and full extent of the plume
can be clearly observed.
The model simulation time was 1000 years.
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3.3.3 Results
The extent of Zn contaminant plume is presented for various time periods as Figure 5
(worst case), Figure 6 (best case), Figure 7 (moderate case) and Figure 8
(intervention).
For all scenarios, the initial migration of the plume is in a northwest direction, towards
the mine void. In this area, aquifer depressurisation from mine dewatering has
resulted in the lowering of the water table within the Tertiary aquifer (Layer 1), creating
a temporary groundwater sink.
Once groundwater levels in the mine area have recovered, the contaminant plume
migrates in a south to south westerly direction, with natural groundwater flow direction
and disperses across the southern boundary of the mine lease.
Breakthrough concentration curves are presented for a number of observation points
on Figure 9. Of particular importance are model observation points ‘TSF-D’ and ‘Conc
Obs S’, which are located in areas where the plume eventually migrates across the
southern boundary of the mine lease.
In all cases there was a breakthrough of the Zn plume across the mine lease within
~140 years (160 years for intervention). Whilst the remanent plume can be seen to
disperse across well TSF-D, the concentrations of the plume at this location are
predicted to remain very low (<0.008 mg/l). Higher Zn concentrations were predicted
to occur at observation point ‘Conc Obs S’, which is located on the south west corner
of the mine lease.
The maximum breakthrough concentrations observed at ‘Conc Obs S’ are
summarised in Table 3. Baseline and EPA guidelines values are also shown for
reference.
Table 3: Maximum predicted [Zn] for model observation well ‘ConcObsS’

Worse case: 250mm
x [Zn] 200 mg/L over
the first 6 months

mg/L

years

mg/L

mg/L

mg/L

mg/L

mg/L

4

140
Groundwater
0.003 - 4.4
Ave = 0.44
Angas River
0.006 - 0.28
Ave = 0.02

0.05

N/A

2

20

Mid case: 100mm x
[Zn] 100 mg/L over
the first 6 months

0.8

Best case: 10mm x
[Zn] 5 mg/L over the
first 6 months

0.036

140

Intervention: 250mm
x [Zn] 200 mg/L over
the first1 month

0.6

160

140

livestock

irrigation

Time of
breakthrough

Potable

Max [Zn]
at 'Conc
obs S'

aquatic

TSF basal liner
leakage scenarios

Baseline

EPA guideline values
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In all cases there was an eventual breakthrough of the Zn plume at the river in about
424 years, at which time the Zn concentration of the remnant plume will be much
lower, ranging from 0.004 mg/L (best-case) to 0.8 mg/L(worst case).
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Figure 5 | Zn Plume - TSF Leakage 250 mm/year, Zn conc. = 200 mg/L, 6 months leakage.

October, 2013 | P:\(TAB)_Terramin_Aust_Ltd\Project\1272-Risk assessment\GIS\Maps\1272-TAB Scenario2_ver01_TSF.mxd
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Figure 6 | Zn plume - TSF Leakage 10 mm/year, Zn conc. = 5 mg/L, 6 months leakage.
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Figure 7 | Zn plume - TSF Leakage 100 mm/year, Zn conc. = 100 mg/L, 6 months leakage.
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Figure 8| Zn plume - TSF Leakage 250 mm/year, Zn conc. = 200 mg/L, 1 month leakage.
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Groundwater modelling for the Angas Zinc Mine Closure and Completion Plan

Figure 9: Predicted [Zn] versus time
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3.4 Model Scenario 3: Oxidation of sulphides in the dewatering
zone and backfill material
3.4.1 Overview
Predicting the evolution of Acid Mine Drainage (AMD) is of high importance due to its
potential for long term environmental damage. AMD is formed when sulphide minerals
in rocks are exposed to oxidising conditions.
At the mine, the greatest risk concerns the oxidation of sulphides in both the
dewatering zone and of the backfilled material, leading to the potential of elevated
groundwater parameters beyond the mine lease boundary.
The remaining mine void space will be flooded with water as quickly as possible to
minimise oxidation and subsequent contaminate mobilisation. The faster the
remaining mine void is filled with water, the less time sulphides are exposed to
oxidising conditions, hence slowing the acidification process.
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 levels.
In this assessment, the simulation of AMD was undertaken by using the concentration
of aqueous oxidation products such as SO42-, which has been commonly used in
numerous studies as a water quality indicator for the transport of the AMD plume.
URS undertook an assessment for the potential of AMD and provided AGT with
contaminant source concentrations for SO42- and other metals (URS 2013).
The initial background concentrations of SO42- range from 1,800 mg/L to 2,600 mg/L
and the source concentrations for the dewatering zone and backfill material were
predicted by URS to be 5,507 mg/L and 1,538 mg/L, respectively.

3.4.2 Methodology
A contamination event from the oxidation of the dewatering zone and the backfill
material was simulated by undertaking two separate model runs, and assigning SO42concentrations of 5,507 mg/L and1,538 mg/L to the groundwater that occupied the
mine void space and backfill material, respectively.
Conceptually, the period of greatest AMD risk was considered to be from the
beginning of groundwater level recovery until the majority of the mine workings is
submerged due to the planned mine flooding. It was considered that the majority of
the underground mine workings would have had exposure to air and could thus have
experienced sulphide oxidation along the mine walls. It was considered that as
groundwater levels rose, the oxidised sulphide minerals would enter solution,
generating AMD, but also preventing further oxidation of the mine walls.
The best way to simulate this in the existing model was by assigning the above
concentrations to the water injected into the void space, which will simulate the
release of the contaminant with time, as groundwater floods the mine void, passing
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over the oxidised minerals (within Layer 3). The assumption here is that the vast
majority of the mine void space will be subject to oxidation and generation of AMD
during the first 6 months. Groundwater levels were predicted to recover substantially
over the first 6 months, meaning that after this time the risk of mine wall oxidation will
be far lower due to the inability for air to penetrate far into the water column within the
flooded mine.
The SO42- background concentration applied to the native groundwater was 2,000
mg/L and the source concentrations for the dewatering zone and backfill material
were 5,507 mg/L and 1,538 mg/L, respectively. For the case where the source
concentration was 1,538 mg/L, applying a higher background concentration of 2,000
mg/L to the native groundwater would mask the extent of the plume. Therefore it was
decided to run extra simulations with a native [SO42-] concentration of 0 mg/L so that
the net influences of the solute can be observed.
The following model runs were undertaken:




Native groundwater [SO42-]= 0 mg/L and source [SO42-] concentration = 5,507
mg/L (Figure 10)
Native groundwater [SO42-] = 0 mg/L and source [SO42-] concentration = 1,538
mg/L (Figure 11)
Native groundwater [SO42-] = 2,000 mg/L and source [SO42-] concentration =
5,507 mg/L + 2,000 mg/L (Figure 12)

The model simulation run was 1000 years.

3.4.3 Results
The extent of the SO42- contaminant plume in the Cambrian fractured rock (Layer 3)
as a result of oxidation in the dewatering zone and backfill material are presented for
different time periods in Figures 10 to 12.
Breakthrough concentration curves are presented for observation points ‘Conc Obs N’
and ‘Conc Obs S’ on Figure 13. The observation points are located in the areas where
the remnant plume disperses across the northern and southern boundaries of the
mine lease.
Aside from a temporary breakthrough of the plume across the northern boundary, the
model results show that for both scenarios there is little movement of the contaminant
plume out of the mine lease area and no foreseeable threat to the integrity of the river
to the west and south west of the mine site.
It is worth noting that the maximum extent of the SO42- plume (shown by the 0 mg/L
contour line on Figure 10) temporarily extends over the northern boundary (by a
distance of 35 m), but contracts as the groundwater levels recover (diluting the plume)
and the plume disperses southward. The Zn concentrations of groundwater at the
northern lease boundary is predicted to temporarily rise to a maximum concentration
of 2,324 mg/L within 1 year (representing a net [SO42-] increase of 324 mg/L).
Modelling shows that there is an eventual breakthrough of the remnant plume, at near
background concentrations across the southern boundary of the mine lease, some
280 years later.
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The maximum breakthrough concentrations observed at ‘Conc Obs N’ and ‘Conc Obs
S’ are summarised in Table 4. Baseline values and EPA guidelines values are also
shown for reference.
It should be noted that due to the high native groundwater salinity of the Cambrian
Fractured rock, groundwater from this source is not fit for use (either for irrigation or
domestic) without any prior treatment, which would further minimise any unforseen
risks to the potential users of this source.
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280
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native = 0 mg/L
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Table 4: Maximum predicted change of [SO42-] at the boundary of the mine lease
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Figure 10 | Plume migration- Oxidisation of mine void walls, SO4 conc. = 5500 mg/L

October, 2013 | P:\(TAB)_Terramin_Aust_Ltd\Project\1272-Risk assessment\GIS\Maps\1272-TAB Scenario3_ver01_MineVoid_move.mxd
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Figure 11 | Plume migration - Oxidisation of mine void walls, SO4 conc. = 1540 mg/L

October, 2013 | P:\(TAB)_Terramin_Aust_Ltd\Project\1272-Risk assessment\GIS\Maps\1272-TAB Scenario3_ver02_MineVoid_move.mxd
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Background concentration = 2000 mg/L

Figure 12 | Plume migration - Oxidisation of mine void walls , SO4 conc. = 5500 mg/L
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Figure 13: Predicted [SO42-] versus time
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3.5 Model Scenario 4: Transport of mine void solutes from
‘surface ingress’ due to portal cap failure
3.5.1 Overview
The boxcut will be re-contoured and turned into a shallow ephemeral wetland
collecting surface water flows. The area will be 1 ha (10,000 m2) and will contain up to
14.26 ML of water for about 6 months of the year.
A drainage point will be maintained at the lowest point and surface water will drain to
the mine portal and directed through a pipe line down the decline (discussed under
scenario 1). The portal will be filled with large rocks and capped with a concrete plug.
Disruption of the cap (i.e. via an earth quake) could cause a sudden ingress of surface
water into the decline. Depending on the volume, the sudden ingress of water has the
potential to cause groundwater mounding, which could push any contaminants (i.e.
those generated in the mine void) further outside the mine lease boundary.
For the wetland to leak into the mine void, the water level of the wetland must be
higher than the groundwater elevation in the mine void. The floor of the wetland will be
at 59 m AHD and based on the volume, the elevation of the water level in the wetland
is estimated to be 60.4 m AHD.
The rate of downward leakage from the wetland to the mine void (via the portal) will
depend on the head difference of the surface water elevation and the groundwater
elevation in the mine void, as well as the conductance of the portal cap.
Whilst the groundwater sink is in place, the leakage rate from the wetland to the mine
void will be independent of the groundwater elevation and the wetland is essentially
perched. The rate of leakage will be proportional to the head of water in the wetland
only (1.4m) and the conductance of the portal cap. A sudden ingress of surface water
into the mine void at this time would not result in groundwater mounding due to the
existing cone of depression (Figure 14).
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Figure 14: Conceptual model of leakage potential from wetland at 6 months
Once the groundwater level in the Cambrian rock rises above the floor of the wetland
(59 m AHD), the rate of downward leakage will then become proportional to the head
difference between the surface water elevation and groundwater elevation, and the
conductance of the portal cap (Figure 15).

Figure 15: Conceptual model of leakage potential from wetland at 55 years
Scenario 1 modelling revealed that groundwater levels in the Cambrian rock will
eventually rise above the elevation of the wetland (> 60.4 m AHD) and the potential
for downward leakage (and a secondary contamination event) will cease (Figure 16).
Prior to this time, the rate of leakage will be driven by the head difference of the
surface water level and recovering groundwater levels, and as such, downward
leakage can only occur whilst the groundwater sink remains in place.
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Figure 16: Conceptual model of leakage potential from wetland after 80 years

3.5.2 Methodology
This model simulation essentially involved taking the scenario 1 model and injecting
an additional volume of water into the mine void space (Layer 3) to simulate drainage
from the wetland.
As explained above, drainage from the wetland to the mine void can only occur in the
event that the disruption of the portal cap occurs at some time within the first 80 years
(prior to the groundwater level rising to the elevation of surface water). For simplicity,
we have assumed a worst case scenario, where the entire volume of the wetland (a
14 ML ‘slug’) drains into the mine void, over a period of 5 days, followed by the
ongoing drainage of stormwater at a rate of 0.5 L/s into the mine void over the next
360 days (thereby allowing 1 year for repairs to be undertaken).
This was simulated to occur at t = 30 years, a time when the groundwater elevation is
predicted to be some 4 m below the floor of the wetland.
The mobilisation of AMD as results of oxidation within the mine void was not modelled
as part of this scenario. It was considered that the contaminant flux generated from
such a small volume of water (14 ML) is insignificant in comparison to the contaminate
flux’s simulated as part of scenario 3.

3.5.3 Results
The simulated groundwater level response of the mine void following a sudden
stormwater drainage event is shown on Figure 17. The groundwater level recovery
without the drainage event (taken from the scenario 1 model results) is also shown for
reference.
Figure 17 shows that the failure of the portal cap and sudden ingress of stormwater
into the mine void, will result in a small and temporary groundwater level rise of only
2.2 m.
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The results also confirm the theory that groundwater mounding, resulting from the
failure of the portal cap is highly unlikely.
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Figure 17: Groundwater level response from the ingress of stormwater
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