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11 GROUNDWATER
The proposed MPL is located within the Eastern Mount Lofty Ranges (EMLR) prescribed water resources
area (PWRA).
Hydrogeological company Australian Water Environments (AWE) undertook initial hydrogeological
investigations in 2006. This report is included in Appendix H11 for reference.
The investigations identified the presence of undifferentiated Quaternary aged sands, gravels and clays
underlain by discontinuous Tertiary aged sands, clays, limestone and gravels. Beneath the recent
sediments, Cambrian aged fractured basement rocks of the Kanmantoo Group are found to have a
highly weathered upper zone altered to a kaolin-rich clay up to 20 m thick overlying a zone of fractures
30 to 40 m thick (termed the fractured mantle), under which lies the unweathered crystalline basement
rock primarily comprising schistose rocks.
The proposed MPL is underlain by a fractured rock aquifer. A layer of horizontal fracturing (referred to
as the ‘fractured mantle’; Appendix H11) was observed to occur between the highly weathered and
kaolinized, near‐surface Cambrian rocks and the deeper, fresher Cambrian rocks that host the ore body,
and that essentially confine this aquifer. Groundwater hydraulics is considered to be influenced by
strong anisotropy, as the regional basement rocks hosting the ore body are preferentially fractured in
a north ‐ south orientation. The rocks dip to the east and plunge to the south. Surficial (Quaternary and
Tertiary age) sediments contain aquifers on a local and discontinuous basis only, and that, where
present, shallow aquifers are separated from the fractured rock aquifer by a thick layer of highly
weathered and kaolinized metasediments which forms a barrier to vertical flow.
AZM operations under ML 6229 involved mine dewatering and reinjection of groundwater allowing
access to the mine void, to both manage the excess water and minimise the area experiencing
groundwater drawdown impacts (cone of depression). As such, intensive groundwater studies, regular
reviews and modelling relating to the mine void and cone of depression have been undertaken to assess
the risk to local groundwater sensitive receptors during operation, care and maintenance and closure
of AZM under ML 6229.
AWE (2006) began a groundwater numerical model and this has been refined, further developed and
calibrated to aquifer responses to both the dewatering and recharging of the mine voids. Terramin
engaged Australian Groundwater Technologies (AGT) to undertake groundwater dewatering and reinjection modelling and a site water balance in 2007, see Appendix H12 and AGT undertook discharge
predictions and risk reviews under proposed re-injection of water for the AZM site in 2011 and 2012.
Reports from this work are included in Appendix H7 and H8.
AGT also undertook further groundwater modelling in 2013 (Appendix H2); Groundwater Risk
assessment in 2016 (Appendix H9), and a groundwater model recalibration in 2015 (Appendix H3) for
the AZM Closure and Completion Plan
Operation under the MPL will not involve any negative impacts on groundwater. Potential interaction
between MPL activities and groundwater is limited to potential infiltration of surface water from the
Run of Mine (ROM) pad and operational zone and any potential seepage from the Tailings Storage
Facility (TSF) which would be associated with a basal failure and possible impacts associated with the
operation of the Managed Aquifer Recharge (MAR) system (if utilised).
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As mine dewatering is not applicable during ML 6229 Care and Maintenance, Terramin’s current site
water management is solely focused on stormwater control and groundwater recovery/recharge of the
mine void. Groundwater recharge and movement during Care and Maintenance is relevant to the
impact assessment for MPL operations as it will indicate the modelled consequence of infiltration of
contaminated water from the APF and TSF. Whilst extensive groundwater information is available, the
summary presented in this chapter has been restricted to that relevant to proposed MPL activities.

11.1 APPLICABLE LEGISLATION AND STANDARDS
11.1.1 NATURAL RESOURCES MANAGEMENT ACT 2004
The South Australian Natural Resources Management Act 2004 (NRM Act) promotes sustainable and
integrated management of the State's natural resources, including: protection of the State's natural
resources; control of animals and plants for the protection of agriculture and the environment;
conservation and rehabilitation of the land; and management of water resources.

11.1.2 ENVIRONMENT PROTECTION ACT 1993
The South Australia Environment Protection Act 1993 (EP Act) provides the legislative framework for
environmental management and protection in South Australia. The objective of the act is to promote
the principles of ecologically sustainable development and to ensure that land development is managed
in a way that protects or enhances the natural environment.
The EP Act gives regulatory powers to make environmental protection policies to enhance or protect
South Australia’s environment. The most recent Environment Protection (Water Quality) Policy was
gazetted in 2015.

11.1.3 ENVIRONMENT PROTECTION (WATER QUALITY) POLICY 2015
The South Australian Environment Protection (Water Quality) Policy 2015 (EPP Water) was prepared
under Section 28 of the EP Act and applies in relation to all surface and underground waters (whether
or not on or below private land) including the water within a public stormwater system or an irrigation
drainage channel.
The EPP Water does not apply to the discharge of uncontaminated stormwater into any waters or onto
land in a place from which it is reasonably likely to enter any waters (including by processes such as
seepage or infiltration or carriage by wind, rain, sea spray or stormwater or by the rising of the water
table).

11.1.4 WATER QUALITY GUIDELINES
The trigger values adopted by the EPP Water are the Australian and New Zealand Guidelines for Fresh
and Marine Water Quality 2000 prepared by ANZECC and ARMCANZ. Applicable trigger values are
determined based on the type/location of waters and the environmental value associated with the use
of those waters.

11.1.5 PROJECT SPECIFIC GROUNDWATER QUALITY OBJECTIVES
The groundwater quality objectives and guidelines listed below in Table 11-1, have been adopted as
the groundwater quality objectives for the APF. Only the potential pollutants of interest to the APF, as
discussed in Chapter 3, have been included.
TABLE 11-1 | PROJECT SPECIFIC GROUNDWATER QUALITY OBJECTIVES
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Indicator

Project Objective (Outcome Criteria)

Leading Indicator

Pb, Zn, As, Cd, Fe, Se, pH, EC,
TDS

No exceedance of maximum control
data values

Two standard deviations of the mean control
data values

11.2 ASSESSMENT METHOD
11.2.1 BASELINE MONITORING
Hydrogeological consultants Australian Water Environments (AWE) undertook baseline groundwater
investigations in 2006. During the investigation, Terramin installed or converted exploration drill holes
and pump or slug tested 5 bores. A further bore, AN146, was drilled and pump tested. This began the
data accumulation and assessment process that allowed the development of groundwater modelling
in 2006 (Appendix H11). Following this work, a further eight bores were installed, of which six had
groundwater present. Groundwater monitoring bores (RG1, RG2, RG3, RG4, RG7 and RG8, shown in
Figure 11-1) are still used to monitor groundwater quality for arsenic, cadmium, iron, lead, manganese,
zinc, TDS, electrical conductivity (EC) and pH during the Care and Maintenance period. The monitoring
bores are described in Table 11-2. All bores except RG3 and RG7 were installed within either weathered
or unweathered Cambrian basement rocks. RG3 is installed within the shallow Quaternary sediments
that overlie the basement rocks and RG7 is installed within the Tertiary sediments.
The model was further updated in 2012 using data from additional re-injection bore pump testing and
regional monitoring bore data, including shallow monitoring wells AWE1, RG1 and LG2 (<30 m deep)
(Appendix H8), and a mine closure model under natural recovery conditions was completed (Appendix
H2).
Monitoring bores LG01, LG02 (installed at the same time as the RG bores), DH02 and PF140 are
monitored for AZM mine void closure purposes and are not required for MPL monitoring but are
included in this document for completeness.
The above model was further updated with tertiary bore permeability data and used to simulate the
groundwater impacts during mine closure and the risks associated. A number of potential failure in
mine closure strategies, identified in the ‘Failure Mode Affects Analysis’ risk assessment were analysed
(2017 approved PEPR for ML 6229, including the Mine Closure Plan (MCP) (appendix C) FMEA included
as Appendix BX of the MCP). The FMEA has been included in appendix H9 of this document.
The 2015 model was recalibrated using groundwater levels collected during the mine closure (recovery)
phase from the mine void and much deeper wells (i.e. DH02, DH03) located closer to the mine void
than those wells mentioned above. 2015 modelling includes geochemistry scenarios from the tailings
used in the pastefill used to backfill the mine and the potential AMD evolution of tailings in the TSF and
how this affects any potential contaminant plume in failure scenarios (Appendix H2).
The 2016 Summary Report – Groundwater Risk Assessment for the AZM Closure Plan (Appendix H6)
presents the results of the groundwater modelling undertaken to evaluate the potential groundwater
risks following mine closure. The assessed risks were derived from a Failure Modes Effects Analysis,
undertaken to identify potential failures in closure design (2017 approved PEPR for ML 6229, including
the Mine Closure Plan (MCP) (appendix C) FMEA included as Appendix BX of the MCP). The FMEA has
been included in appendix H9 of this document.
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FIGURE 11-1 | LOCATION OF WELLS RELEVANT TO THE MPL OPERATION
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TABLE 11-2 | GROUNDWATER MONITORING BORES DESCRIPTION
Bore ID
RG1

RG2

RG3

RG4

RG7

RG8

PF 140

DH02

LG1

LG2

Site Description
North of the ML boundary near the Victor
Harbour–Adelaide railway line and completed in
the weathered Cambrian basement.
West of the ML boundary near Burnside Creek
and completed in the shallow weathered
Cambrian basement.
West of the ML boundary near Burnside Creek
and completed in Quaternary sediments that
overlie the unweathered Cambrian basement.
South of the ML boundary near Summerhill Road
and completed in the unweathered Cambrian
basement.
North-eastern corner of the mine near the
Callington Rd and completed in Tertiary
sediment.
North-eastern corner of the mine near the
Callington Rd and completed in unweathered
Cambrian basement.
During underground mining during operations
the drillhole was used to supply paste fill for
underground stopes to the 140 relative level.
The bore is slightly inclined at 5 degrees and is
open into the 140 relative level mining drive. The
total depth beneath surface is 142m.
Drilled in 2007 and equipped as a mine
dewatering well, located between the boxcut
and Callington Road.
Located in Tuckers swamp to the north of
Callington road, Cambrian schist is intersected
from 2m
Located in tuckers swamp, to the north of
Callington road, 27m deep, and screened
between 16.5m – 22.5m in hard Cambrian schist.

Depth
(m bgl)

Aquifer monitored
Cambrian

21
Tertiary
14.8
Tertiary
45
Cambrian
50
Tertiary
10
Cambrian
45
Mine void
142

Cambrian
116
Tertiary
4.3
Tertiary
27

11.2.2 GROUNDWATER CLOSURE MODELLING
Australian Groundwater Technologies (AGT) recalibrated the Mine Closure Numerical Modelling Report
in April 2015 (Appendix H3). The numerical model was constructed using the United States Geological
Survey (USGS) groundwater flow modelling code MODFLOW and associated solute transport code
MT3DMS via the graphic user interface Processing Modflow for Windows (PMWIN). A number of model
simulations were undertaken to evaluate the groundwater related impacts for each mine closure task
and hazard scenario.
More information on the development of the groundwater model is located in section 2.0 of Appendix
H2, and subsequent updates are described in Appendix H6.
The locations of the underground mine workings, TSF and the groundwater monitoring and injection
wells are shown which have been used to develop the groundwater model for ML 6229 closure is
included below in Figure 11-2.
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FIGURE 11-2 | ML 6229 MODEL DEVELOPMENT WELLS

Angas Processing Facility | 2019/0826

11-10

Angas Processing Facility
Miscellaneous Purposes License

11.3 EXISTING ENVIRONMENT
11.3.1 HYDROGEOLOGY
The baseline investigation identified the presence of undifferentiated Quaternary aged sands, gravels
and clays underlain by discontinuous Tertiary aged sands, clays, limestone and gravels. Beneath the
recent sediments, Cambrian aged fractured basement rocks of the Kanmantoo Group are found to have
a highly weathered upper zone altered to a kaolin-rich clay up to 20 m thick overlying a zone of fractures
30 to 40 m thick (termed the fractured mantle), under which lies the unweathered crystalline basement
rock of primarily comprising schistose rocks with a strong north south anisotropy due to fracture
orientation
Groundwater was intersected at varying depths across the site, due in part to variations in topography.






In the southern section of the ML (TSF), regional groundwater within the fractured basement
was found at depths as shallow as 9 m below ground level (bgl), with overlying Quaternary and
Tertiary sandy clays, clayey gravels and sands being unsaturated.
In the central part of the ML (APF), regional groundwater was encountered at depths greater
than 10m bgl to over 25 m bgl within the fractured mantle. Overlying Quaternary and Tertiary
aged sediments encountered below the ridge were also found to be unsaturated.
In the northern portion of the ML occupied by the Septic Tank Effluent Disposal Scheme (STEDS)
lagoons (just north, outside of the MPL), which are partially located over a local freshwater
wetland area, groundwater was encountered at depths less than 3m bgl. The presence of
lacustrine clays in excavations in this area suggest that groundwater may be perched in the
shallower Quaternary sediments overlying the clays for at least part of the year, as well as
permanent groundwater existing in the underlying basement rocks.

In general, groundwater beneath the site is found within the Cambrian aged basement rocks. Seasonal,
shallower aquifers may occur in the Quaternary and Tertiary aged sediments in the northern part of
the MPL.
Pre-mining groundwater flow was in a southerly direction (Figure 3). This was based on limited
monitoring records obtained at the time of drilling (between 2005 and 2007). Mine dewatering
occurred from 2008 to 2013 which created a cone of depression around the mine. Since the AZM was
put into care and maintenance in 2013, groundwater levels have recovered to near pre-mining
elevations based on post-mining monitoring.
Groundwater salinity of the fractured Cambrian FRA ranges from 13,000 mg/L to 25,000 mg/L. There
are no current groundwater users in the area, owing to high salinity which is also deterrent to future
users of groundwater in this area. The environmental value of the groundwater, as defined by the
Environment Protection (Water Quality) Policy 2015, is classified as Primary industries— livestock
drinking water and/or Primary industries – aquaculture and human consumption of aquatic foods,
depending on the location and depth of the bore, with background TDS averaging 13,722mg/L. There
are very limited instances of TDS returning concentrations below 3,000mg/L.. These wells have an
environmental value of groundwater of Primary industries— irrigation and general water uses, as well
as Primary industries— livestock drinking water and/or Primary industries – aquaculture and human
consumption of aquatic foods. Baseline statistics are shown above in Table 11-3.
The Angas River is located ~1.5 km to the south east of the AZM (Figure 1). There is no conclusive
evidence to suggest that the River receives groundwater at this location (Green et al, 2008).
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Cross sections of the well lithology and drilling details were created by Australian Groundwater
Technologies and have been included in Appendix H14.

11.3.2 GROUNDWATER SUMMARY FROM MINING OPERATIONS
A number of groundwater investigations and long-term groundwater monitoring have been
undertaken to support the operation of the AZM and more recently for the closure of the mine
(Terramin, 2017). As such, characterisation of the underlying aquifer and understanding of
groundwater related risks which are also relevant to this project has already been performed.
During the base line investigation, Terramin installed six groundwater monitoring bores (RG1, RG2,
RG3, RG4, RG7 and RG8) to monitor groundwater quality for arsenic, cadmium, iron, lead, zinc, TDS,
electrical conductivity (EC) and pH. All wells except RG3 and RG7 were installed within either
weathered or unweathered Cambrian basement rocks. RG3 is installed within the shallow Quaternary
sediments that overlie the basement rocks and RG7 is installed within the Tertiary sediments.
Bores referred to are shown in Figure 11-1. Appendix T shows the summary results of the baseline
groundwater quality data and Appendix U shows the baseline standing water level results.
The following provides a summary of the relevant groundwater related risks that were monitored
during the mining operation and closure phases.

11.3.2.1 MINE DEWATERING: 2007 TO 2013
 The onset of mine dewatering in 2007 (development of the box cut) and 2008
(commencement of the mine decline) caused a small cone of drawdown in the Cambrian FRA
to develop around the mine, altering the groundwater flow direction toward the mine. The
Tertiary Aquifer, where present above the mine, became dry during the mining phase.
 Average mine dewatering rates were in the order of 0.74 ML/d (8.5 L/s) over the mine life.
 The cone of depression was not detected in the outer regional ‘RG’ series monitoring wells
(which target the uppermost water bearing zone of the FRA) and therefore the extent was
inferred to be < 1 km from the mine.
 There are no groundwater users in the area.
11.3.2.2 REINJECTION: 2008 TO 2013
 The MAR system was commissioned in 2008 and was utilised until 2013.
 Injection rates of up to 1.3 ML/d (15 L/s) was achieved over the mine life using up to 6
injection wells.
 There were no observed groundwater impacts resulting from MAR. Of particular interest was
the risk of groundwater mounding from MAR and the thereby potential discharge of saline
groundwater to the Angas River. Groundwater level monitoring undertaken at paired
monitoring wells (RG2 - Tertiary aquifer and RG3 – Cambrian FRA) positioned between the
closest distances between the injection wells and Angas River did not show any discernible
groundwater level response (Figure 11-3) to MAR in this area, indicating that the MAR
operation is unlikely to have resulted in groundwater level changes at Angas River and
thereby additional groundwater discharge into the river. Instead injection water had a
tendency to flow towards the underground mine and was maintained by the cone of
drawdown (Appendix H8).
 No adverse groundwater quality impacts were detected.
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FIGURE 11-3 | HYDROGRAPHS - REGIONAL MONITORING WELLS
11.3.2.3 MINE CLOSURE: 2013 TO 2018
 The mine was put into care and maintenance in September 2013. To reduce the effects of
oxidation on wall rock and backfill (and subsequent contaminant mobilisation), groundwater
recovery was accelerated during the first year (October 2013 to October 2014) by flooding
the mine void with groundwater pumped from the surrounding injection wells into the
decline. After this time, groundwater in the mine continued to rise from natural groundwater
inflows.
 The quality of water in the mine void was monitored at a number of underground sampling
points (including the paste line (‘PF140’), DH2 and DH3) to detect the risk of acid mine
drainage (Appendix H13). Water quality parameters (pH, sulphate and key metals) were used
as an indicator for this and have remained stable, indicating no detrimental change to water
quality.
 Over time, groundwater levels recovered back to near pre-mining levels (Figure 11-4) and as
such, the groundwater flow direction is expected to have generally returned back to premining groundwater flow direction towards the south.
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FIGURE 11-4 | POST-MINING GROUNDWATER LEVEL RECOVERY

11.3.3 GROUNDWATER QUALITY
Salinity data reviewed in baseline investigations indicates that the uppermost part of the aquifer varies
markedly in salinity within and in proximity to the site. The reasons for the variations in salinity are
unclear, but is typical of fractured rock aquifers where fractures containing water are poorly connected,
have low permeability and hence frequently have differing signatures. This is discussed in detail in
Appendix H12. The variations may be related to the high (regional) salinity of the basement rocks at
depth, overlain by relatively shallow groundwater, which is enhanced with relatively fresh, lower salinity
water from the STEDS lagoons and the wetland adjacent to the lagoons, and with possible additional
infiltration recharge of rainfall in the existing quarry area (Appendix H10 & H12).
The variation in salinity (relatively saline at depth; relatively fresh near surface) and Total Dissolved
Solids (TDS) results suggests there are variations in fracture density and fracture connectivity in the
fractured mantle, and that surface water and near-surface groundwater may not be everywhere
hydraulically connected to deeper parts of the fractured rock aquifer.
Investigations and monitoring of regional groundwater quality over the period 2006 - 2018 from RGs 1,
4 and 8 show that water quality parameters vary widely, providing high variability around mean values
(Table 11-3).
TABLE 11-3 | STATISTICAL SUMMARY OF AZM BASELINE GROUNDWATER DATA (2006-2018)
Analyte

Units

Count

Minimum

10th
Percentile

Average

90th
Percentile

Std Dev (SD)

Maximum

Mean + 2SD

pH

pH

263

6.6

6.86

7.2033

7.644

0.3077

8.7

7.7853
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Analyte

Units

Count

Minimum

10th
Percentile

Average

90th
Percentile

Std Dev (SD)

Maximum

Mean + 2SD

EC
TDS
Sulfate
As-T
Cd-T
Pb-T
Zn-T
Se-T
Fe-T

us/cm
mg/L
Mg/L
NTU
mg/L
mg/L
mg/L
mg/L
mg/L

263
146
186
287
287
287
287
287
290

2980
5660
101
0.001
0.0001
0.001
0.002
0.005
0.006

10600
5975
488
0.001
0.0001
0.001
0.005
0.01
0.050

17836
10844
1072.6
0.002
0.0003
0.018
0.045
0.0209
6.038

30880
19850
2125
0.004
0.0003
0.011
0.047
0.0376
12.720

9872.7
6279
720.85
0.006
0.0007
0.117
0.283
0.0153
17.485

68500
25000
2980
0.090
0.0100
1.270
4.400
0.13
232.000

31545
19318
2145.2
0.013
0.0016
0.236
0.574
0.0505
35.605

11.3.4 GROUNDWATER RECHARGE
INTERACTIONS)

AND

MOVEMENT (GROUND

AND

SURFACE WATER

Potentiometric contours based on groundwater elevation data from the monitoring wells constructed
within the Cambrian basement regional aquifer indicate groundwater flows across the site from north
to south, with a relatively gentle hydraulic gradient of around 0.014. Groundwater recharge is likely to
be occurring via precipitation and appears enhanced in the vicinity of the STEDS. Local groundwater
flow direction is consistent with regional groundwater and topographic gradients.
Recharge to groundwater in the AZM area is mostly from rainfall, either from rain that falls locally or
from precipitation in the hills to the north. Rainwater that survives evaporation, transpiration and
surface runoff infiltrates through the soil and contributes to the groundwater.
Burnside Creek periodically flows from its catchment in the north into Tuckers Swamp, located in Figure
11-1, where the bores LG1 and LG2 are located and recharges the Swamp from surface. Any water that
is contained in the Swamp is thought to recharge the subsurface, however there is a substantial clay
zone, minimising the recharge amounts. AWE undertook a study of the swamp infiltration in 2006, see
Appendix H10.
Mine Closure Numerical Modelling (appendix H2 and H3), which involved the modelling of the
groundwater recharge rates, shows that the mine void acts as a sink (due to the cone of depression) to
the surrounding Cambrian aquifer for an extended period of time, with the complete removal of the
cone of depression anticipated to occur in approximately 85 to 100 years from when underground
mining ceases.
Preliminary solute transport modelling shows that there is very little movement of groundwater out of
the project area and no foreseeable threat to the integrity of the river to the west and south west of
the mine site. Terramin completed extensive groundwater modelling through the closure planning
process for ML6229 and even in an extremely unlikely scenario where there is a failure of both the TSF
basal liner and the mine void solute transport (cumulative impacts of TSF leakage and AMD to the
Tertiary Aquifer), there is very limited movement of groundwater over 1000 years. See section 4.3 of
Appendix H6 for a detailed description of the modelling undertaken and outcome. Government studies
of the Angas River and groundwater interactions indicate limited evidence for connectivity of
groundwater to the Angas River downstream of Strathalbyn township ( (Zulfic & Barnett, 2003) and
(Greene, 2008)). Terramin monitoring data for the Angas river (sampled in April 2018 when rainfall flow
in Angas river was low, and if present the groundwater inflows are maximised) and groundwater within
the proposed MPL shows distinct differences in salinity levels as well as the ratios of anions and cations
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between surface and groundwaters, indicating that they are poorly connected, (Figure 11-5). Similarly,
groundwater data from prior to mining shows the same ratios of anions and cations (Figure 11-6) giving
confidence that connectivity with surface water appears limited and that there are no observable
impacts to groundwater quality from ML 6229.
Resultantly, there have been no identified Groundwater Dependent Ecosystems within or surrounding
the application area from 2005 to 2018.
Salinity in Angas River in April 2018 was between 5,600 and 5,800 uS/cm whereas the groundwater
bores were recording salinities (electrical conductivity) of between 10,000 and 29,800 uS/cm. Results
published in ML 6229 Quarterly Environmental report, Q2 2018.

FIGURE 11-5 | PIPER PLOT OF ANGAS RIVER SITES HOGBEN AND CROSER COMPARED TO GROUNDWATER BORES AT AZM
IN APRIL 2018
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FIGURE 11-6 | PIPER PLOT OF ANGAS RIVER SITES HOGBEN AND CROSER AND GROUNDWATER BORES SAMPLES IN 2006

11.3.5 EXISTING USERS
To Terramin’s knowledge, there are no other local groundwater users located in the downgradient of
the APF who utilise the groundwater, owing to the elevated salinity of the water. The environmental
value of the groundwater, as defined by the Environment Protection (Water Quality) Policy 2015, is
classified as Primary industries— livestock drinking water and/or Primary industries – aquaculture and
human consumption of aquatic foods, depending on the location and depth of the bore, with
background TDS averaging 13,722mg/L. There are very limited instances of TDS returning
concentrations below 3,000mg/L.. These wells have an environmental value of groundwater of Primary
industries— irrigation and general water uses, as well as Primary industries— livestock drinking water
and/or Primary industries – aquaculture and human consumption of aquatic foods. Baseline statistics
are shown above in Table 11-3.

11.3.6 SITE WATER BALANCE – CARE AND MAINTENANCE OF ML 6229
All stormwater from the “operational” zone catchment area and water pumped from supply bores
(outlined in section 3.10.3) reports to either the raw or process water ponds. This water has been used
for on-site dust suppression and used for maintenance and wash down of the processing plant. Once
water enters into the operational zone it remains in that zone and ultimately reports to the boxcut or
the TSF to avoid potential impacts of the surrounding environment. The site has been designed to
ensure as far as is practical that no “dirty” water comes into contact with “clean” zones, shown in
Appendix N1.
The majority of the water currently reporting to the TSF is rainwater runoff from the 14ha tailings beach
catchment area. Water from the processing plant used for maintenance and washing purposes also
reports to the TSF, however, this only equates to approximately 100m3 per annum.
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See Chapter 3 for proposed Site Water Balance design changes.

11.4 SENSITIVE RECEPTORS
Sensitive receptors to groundwater impacts are presented in Table 11-4. To Terramin’s knowledge,
there are no other local groundwater users located in the downgradient of the APF who utilise the
groundwater. Local groundwater users have been included as a conservative measure however.
TABLE 11-4 | POTENTIAL SENSITIVE RECEPTORS
Sensitive Receptor

Summary

Impact ID

Surface water quality (Angas River)

Angas River

Groundwater
quality
groundwater users
Native vegetation

Sensitive receptors are groundwater users
downgradient of the APF and TSF.
Native vegetation is defined as the remnant
Dryland Teatrees Melaleuca lanceolata onsite
as well as the SEB areas.

PIE_11_1
PIE_11_2
PIE_11_3
PIE_14_1
PIE_14_2
PIE_11_4

/

Local

PIE_11_5

11.5 POTENTIALLY IMPACTING EVENTS
Terramin have identified potentially impacting events by considering all potential interactions between
proposed MPL activities and groundwater. Table 11-5 outlines specifically considered potential impact
events.
Potentially impacting events are generally linked to contamination of groundwater from the operational
zone and the managed aquifer recharge system.
Detailed discussion of potentially impacting events linked to the TSF and groundwater are included in
Chapter 14: Geochemistry, however have been briefly covered in this chapter for completeness.
TABLE 11-5 | SPECIFICALLY CONSIDERED POTENTIAL IMPACT EVENTS
Potentially
Impacting Events
Infiltration
of
contaminated water
within
the
APF
operational
zone
(from hydrocarbons)
has the potential to
contaminate
groundwater
and
impact
on
local
groundwater users.

Infiltration
of
contaminated water
within
the
APF
operational zone" has
the
potential
to

Source
Contaminated
water within
the
"operational
zone"
infiltrates to
groundwater

Potential
Pathway

Sensitive
Receptors

Groundwater
flow

Local
groundwater
users

Confirmation of S-P-R
No,
groundwater
monitoring indicates that
groundwater flows towards
the cone of depression for
the life of the MPL, not
offsite, therefore there is no
credible pathway.

Impact ID
PIE_11_1

Also
no
identified
groundwater users.

Contaminated
water within
the
"operational
zone"

Groundwater
flow
and
discharge to
surface waters
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Surface water
quality (Angas
River)

Terramin will commit to
spills
reporting
and
remediation regardless.
No, see section 10.3.2 for
discussion. Not credible
pathway.

PIE_11_2
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contaminate
groundwater
and
impact
on
groundwater
recharged
watercourses (Angas
River).
Surface
water
–
flooding
of
operational
area
results
in
contaminated water
infiltrating into the
groundwater
impacting
local
groundwater users.

infiltrates to
groundwater

Contaminated
water within
the operational
area

Groundwater
or
surface
water flows

Local
groundwater
users

Re-injection of water
back into the aquifer
(MAR) infiltrates to
groundwater
impacting
local
groundwater users.

water
reinjected during
MAR operation
which does not
meet
water
quality
parameters
Unsustainable
reinjection
rates

MAR
injection
system

Local
groundwater
users

TSF water

Groundwater
seepage

Re-injection of water
back into the aquifer
(MAR) results in
artesian conditions,
leading to impacts on
vegetation
(water
logging).

TSF basal liner failure
results in impacts to
groundwater
impacting
local
groundwater users

Terramin will continue
groundwater
monitoring
program
to
confirm
regardless.

MAR
injection
system
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re-

re-

Native
vegetation

Groundwater
and/or local
groundwater
users

No, even if surface water
infrastructure fails, still
drains to boxcut.
Groundwater modelling
completed for mine void
recharge included in ML
6229. Source not adding
credible concentration or
volume to impact existing
AMD mine void. Modelling
completed and included in
Appendix H6 (includes
updated mine void source
term).
No credible pathway.
Yes, live monitoring of water
treatment and discharge
points to ensure compliance
with well drainage permits.
No identified groundwater
users. S-P-R conservative.
Not credible. No artesian
conditions occurred through
operation of mine water
MAR scheme under ML
6229 (which was much
higher volumes). Much less
water proposed for MPL.
Existing Pressure gauges and
controls on well heads
ensures re-injection rates
are sustainable.
Even if there is unforeseen
water logging, will not
impact
vegetation
(receptor) as it is wetland
vegetation near the flood
zone.
Yes, however groundwater
modelling indicates impacts
to Angas river (surface
water) is not a viable
pathway – concentrations at
baseline levels by time could
impact
Angas
River.
Modelling
included
in
Appendix H6. TSF is double
lined with HDPE. (design
included in Appendix V3).
Discussion included in detail
in Chapter 14: Geochemistry.

PIE_11_3

PIE_11_4

PIE_11_5

PIE_14_1
PIE_14_2
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11.6 CONTROL MEASURES
11.6.1 DESIGN MEASURES
Design measures to protect groundwater are currently in place at AZM and are proposed to continue
under the MPL (Table 11-6).
The TSF and process ponds are designed to meet the criteria for zero discharge of contaminated waste.
HDPE double liners and compacted clay beneath the liners have been used to ensure no seepage from
the TSF and process ponds is possible; therefore no contamination of groundwater. The TSF is designed
to hold the volume of water falling on the site catchment area from a 1:1000 year 120-hour storm
event. The TSF decant pond Relative Level (RL) is maintained so the facility can contain a 1:1000 rainfall
event without a risk of overtopping the TSF spillway. The TSF includes an internal drainage system, as
well as six embankment monitoring bores (MB1 to MB6) which are located on the TSF main
embankment. These bores are monitored monthly for the presence of water. The TSF also has an
additional 4 groundwater monitoring bores (TSF A, B, C and D) which are located downstream of the
TSF.
For more detailed description of the TSF design, see Chapter 3: Proposed Operations or Chapter 14:
Geochemistry.
TABLE 11-6 | GROUNDWATER PROTECTION DESIGN MEASURES
Design Measures

Impact ID

The entire operational area reporting to the boxcut in the event of a containment failure.

PIE_11_1
PIE_11_2
PIE_11_3

Directing of non-contaminated surface waters around operational areas (referred to as the
non-operational zone). i.e. through drains and sumps, which report to the purpose
designed wetland, which is proposed to the east of the processing plant.

PIE_11_1
PIE_11_2
PIE_11_3

Collection of water that has been in contact with potentially contaminated surfaces
(referred to as operational zone) and diversion to mine process water circuit or onsite
water treatment facilities (clarifiers, filters, Reverse Osmosis).

PIE_11_1
PIE_11_2
PIE_11_3

Clarifiers, filters, Reverse Osmosis onsite as water treatment.

PIE_11_4
PIE_11_5

Closed circuit for all process water to ensure no cross-contamination with natural waters.

PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_6

Bunding of ore stockpiles to direct any contaminated water into the process water or water
treatment circuit.
The return water line from the TSF and the feed lines to the distributor points to the TSF
will be bunded so as to contain any potential spills.
Design of TSF to comply with rigour to withstand 1:100 Average Recurrence Interval (ARI)
rainfall events.

PIE_11_6

11.6.2 MANAGEMENT STRATEGIES
Management strategies to protect groundwater are currently in place at AZM and proposed to continue
for the operation of the APF (Table 11-7.
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Ground and surface water monitoring will continue as per an updated Environmental Monitoring Plan
(EMP) to confirm design and management strategies are operating as anticipated.

TABLE 11-7 | GROUNDWATER PROTECTION MANAGEMENT STRATEGIES
Management Strategies

Impact ID

Annual testing of topsoil for contaminants

PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_4
PIE_11_6
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_6
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_4
PIE_11_5
PIE_11_6
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_1
PIE_11_2
PIE_11_3
PIE_11_4

Waste Management Plan inc. Spill of hazardous materials procedure

Implementation of Waste Management Plan.

TSF Operations and Maintenance Manual
Groundwater monitoring plan (part of EMP to be updated through PEPR)

Surface water monitoring plan (part of EMP to be updated through PEPR)

Water treatment water quality monitoring points

11.7 IMPACT ASSESSMENT
There are limited viable S-P-R relationships identified and in accordance with Chapter 6 Assessment
Methodology, potential impact events were not considered further where no receptors of concern
were identified for an environmental element or where the source/hazard was of such low intensity or
concentration that it could not reasonably be expected to cause harm to a receptor. The potential for
failure of the TSF basal liner has been conservatively included as a viable S-P-R, however unlikely, owing
to the limitations of a credible receptor and pathway. This has been discussed in more detail below.
The pathway of impact on groundwater from hydrocarbon infiltration is not credible based on the
knowledge of the hydrogeology and the timeframe required for groundwater to become impacted.
Additionally, the proposed Waste Management Plan outlines design measures and control strategies
to reduce the likelihood of hydrocarbon spillage, however, spill kits, procedures and reporting are
proposed to further remove the likelihood of un-remediated hydrocarbon spills to a point where any
impact is not credible as there is an insufficient concentration.
MAR was successfully undertaken during the operation of ML 6229 (included in appendix H7 and H8),
with no observed or recorded impacts to potential receptors. The system includes the use of pressure
gauges, valves on injection well heads, etc., and operated in conjunction with the site groundwater
monitoring plan.
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AGT were commissioned in 2012 to assess whether there would be any impacts to the groundwater
system and the Angas River as a result of groundwater reinjection. This assessment concluded that
there was no indication of any impact due to the additional injection of mine drainage water. Any
reinjection of stormwater will be far less in volume than the previous mine dewatering and reinjection
system, and thus this report is considered to be significantly conservative. Modelling also shows that if
there is an eventual breakthrough of any injected plume at the lease boundaries, the concentration of
the pollutants in the plume is not expected to be greater than the average ambient groundwater
concentrations by the time it reaches the proposed MPL boundary (described in detail in Appendix H6).
As required and approved by DEW, any water to be reinjected will be of the required water quality as
outlined by each individual well drainage permit. Resultantly, there is no credible pathway to impact
either the Angas River or any unidentified groundwater user.

11.7.1 POTENTIAL IMPACTS: TSF
A groundwater model for the area surrounding the TSF was completed by AGT in the 2013 Mine Closure
Report (Appendix H2). The methodology is detailed in this report, as well as results of the groundwater
modelling undertaken to evaluate the potential long term groundwater related risks. Additional
geochemistry and scenarios have been included in an additional 2015 AGT report for the Mine Closure
plan (Appendix H6). The model includes:




Modelling over a period of 1,000 years minimum
Assessing the acid generating potential of the AZM tailings and chemical impact on the HDPE
liner
Assessing natural degradation of the liner over time

The test results quantifying water qualities (outlined in Appendix H1) were used in conjunction with
operational long term water data relating to the TSF collected over the life of the AZM project to model
all potential failure scenarios identified during the Failure Modes and Effects Analysis (FMEA) risk
assessment workshops ((2017 approved PEPR for ML 6229, including the Mine Closure Plan (MCP)
(appendix C) FMEA included as Appendix BX of the MCP).). The FMEA has been included in Appendix
H9. Incorporated into the modelling were the following aspects that could impact the groundwater
contaminant modelling:





HDPE liner information regarding breakdown rates;
evaporation rates for TSF water;
descriptions of the water flows, paths and qualities associated with different sections of the
TSF; and
surrounding environmental conditions.

The modelling was undertaken with the assumption that the greatest risk of contamination to
groundwater could be if there was degradation (physical or chemical) of the TSF basal liner at a time
when tailings are saturated.
The 2013 AGT report (Appendix H2) outlined the consequences of this worst case scenario (failure of
the TSF basal liner at a time when the saturation head in the TSF is large and therefore the greatest
leakage potential, using AZM tails being greater in AMD potential than the BIH tails, thus providing
conservatism in the approach). The scenario modelled 17ML of free standing water in the decant pond,
the HDPE liner had degraded and was not functioning as a hydraulic barrier, and there was no
intervention for six months. The scenario was modelled using water quality obtained from the TSF
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decant pond, rather than water quality values obtained from the TSF seepage drains over time (seepage
drain quality is much less concentrated)).
A brief discussion on regional groundwater quality as compared to seepage drain and TSF decant pond
water quality is included in Appendix H4.
In order to simulate the worst case, the modelling does not take into consideration the ability of the
surrounding soils, nor the BIH tailings to neutralise some acidity and adsorb metals (the former being
discussed in ARD Management Review of Mine Materials from the AZM, EGi, 2009, Appendix M5). The
2013 model also used leakage rates calculated by URS of between 100mm/year and 250mm/year,
representing moderate and worst case scenarios (Appendix S6).
This modelling was updated in 2015, and included modelling leakage occurring through both capping
layer and base liner. In this case, it is likely that ongoing seepage through the base will occur. This impact
of this event on the identified sensitive receptors is not expected to ever reach the Angas River and
modelled water quality remaining near background levels at the lease boundary after 100 years. The
report has been included in Appendix H2.
Figure 11-7 shows the groundwater quality impact of TSF water leakage due to failure the basal HDPE
liner. A very high leakage rate was applied for the first six months to simulate complete drainage of the
TSF (based on the conductance of the underlying clay layer), followed by a long term vertical leakage
rate of 0.3 mm/y from the capping layer. This simulation is essentially the same as the simulation
presented in Figure 5 of the AGT, 2013 report but with an updated source term for SO42- and an ongoing
long term leakage rate of 0.3 mm/y.
Groundwater modelling undertaken on fate transport associated with the potential failure of the TSF
basal liner indicates that a complete failure of the TSF basal liner (250mm/year) and a long term leakage
rate would take approximately 100-140 years to reach the ML 6229 boundary, and at that point would
be at rates similar to background groundwater sulfate levels. More information on this potential impact
event is provided in Appendix H2, H3 and H4. Furthermore, analysis of the Angas River water indicates
no similarity with the regional groundwater, indicating that the Angas River is not fed from the aquifers
surrounding the APF. Considering all available information it can be concluded that groundwater
recharged watercourses (Angas River) is not a credible receptor.
Overall, the expected impact of a complete failure of the TSF basal liner is considered to be negligible
to low, and even as a credible impact even, considered rare, and the impact to be low. This is due to
the analysis of water quality, modelling of plume migration and groundwater flows, and the absence of
sensitive receptors. At a modelled 1000 year time scale the plume is contained within the MPL and AZM
ML boundary.
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FIGURE 11-7 | SO4 2- PLUME MIGRATION – COMPLETE DRAINAGE OF THE TSF WATER DUE TO FAILURE OF THE HDPE LINER
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11.8 PROPOSED OUTCOME(S) AND MEASUREMENT CRITERIA
In accordance with the methodology presented in Chapter 6, an outcome has been developed for
groundwater impact events with a confirmed linked between source, pathway and receptor (see
Table 11-5).
All outcomes are supported by proposed measurable criteria which will be used to assess compliance
against the proposed outcomes during the relevant phases (operation, closure and post-closure).
Groundwater related outcomes and criteria are presented in Table 11-8. Outcomes for the entire
project are presented in Appendix D1.
TABLE 11-8 | PROPOSED OUTCOMES AND MEASUREMENT CRITERIA
Proposed Outcome

Proposed Measurement Criteria

Proposed Leading Indicator Criteria

No adverse impact to the
supply or quality of water
caused by the mining
operations to existing users
and
water
dependant
ecosystems

Groundwater will be sampled and analysed
quarterly (where land access obtained), as
per AS/NZS 5667.1:1998 standards and EPA
Guidelines: Regulatory Monitoring and
Testing, Groundwater Sampling, 2007, at
bores RG1, RG2, RG3, RG4, RG8, RG11 and
RG12 (note RG5 & RG6 are dry) located on
and adjacent to the ML 6229 and proposed
MPL boundary (Figure 11-8) to demonstrate
that the concentration of potential
contaminants (Pb, Zn, As, Cd, Fe, Se, pH, EC
and TDS) do not exceed maximum baseline
values.
Survey markers (pegs) installed on the
upstream slope of the TSF main
embankment for estimation of pond area
and Reduced Level (RL) indicators on the
external wall (stair side) of the decant
chute will be read monthly to ensure no
head of water on the area of single lining,
i.e. RL not to exceed 68m AHD or surface
area not to exceed 15,000m2 for a period of
more than 180 days (or as per updated and
approved TSF Operations and Maintenance
Manual).
RL will be measured until the 15,000m2
area is reached and from then, all
monitoring will be based on surface water
area.
Reduced Level (RL) indicators on the
external wall (stair side) of the TSF decant
chute will be read monthly to ensure that
the TSF maintains adequate capacity to
manage a 1:1000 year storm event. The TSF
shall be managed to ensure the following
decant pond RL (m) are not exceeded if the
surface area is less than 15,000m2:
·
74.2 as of Aug 2015
·
(or as per updated and approved TSF
Operations and Maintenance Manual).
RL levels will be monitored monthly.

Groundwater will be sampled and analysed
quarterly (where land access obtained), as
per AS/NZS 5667.1:1998 standards and EPA
Guidelines: Regulatory Monitoring and
Testing, Groundwater Sampling, 2007, at
bores RG1, RG2, RG3, RG4, RG8, RG11 and
RG12, (note RG5 & RG6 are dry) ) located
on and adjacent to the proposed MPL
boundary (Figure 11-8) to demonstrate
that analytes (Pb, Zn, As, Cd, Fe, Se, pH, EC
and TDS) are less than two standard
deviations of the mean baseline values.

Standing Water Levels (SWL) will be
monitored monthly as per AS/NZS
5667.1:1998 standards at groundwater

As per TSF operations manual, Six
embankment monitoring bores (MB1 to
MB6) located on the TSF main

No contamination of natural
water drainage systems,
streams
and
rivers,
groundwater, land and soils
occurs either on or off site
resulting from permanent
disposal
or
temporary
storage of mine ore or waste
material

No contamination of natural
water drainage systems,
streams
and
rivers,
groundwater, land and soils
occurs either on or off site
resulting from permanent
disposal
or
temporary
storage of mine ore or waste
material.

No contamination of natural
water drainage systems,
streams
and
rivers,

Angas Processing Facility | 2019/0826

Monthly inspections of the survey markers
(pegs) installed on the upstream slope of
the TSF main embankment for estimation
of pond area will demonstrate surface area
is <12,000m2 (80% of the 15,000m2 limit)
(or as per updated and approved TSF
Operations and Maintenance Manual).

None proposed.
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groundwater, land and soils
occurs either on or off site
resulting from permanent
disposal
or
temporary
storage of mine ore or waste
material.

monitoring bores TSF B, C and D (Figure
11-8) An independent expert will verify
through annual analysis of the monthly
data that no leakage from the TSF into the
surrounding aquifer has been detected.

No contamination of natural
water drainage systems,
streams
and
rivers,
groundwater, land and soils
occurs either on or off site
resulting from permanent
disposal
or
temporary
storage of mine ore or waste
material.

Groundwater monitoring bores TSF A, B, C
and D (Figure 11 5) will be sampled and
analysed monthly as per AS/NZS
5667.1:1998 standards for pH, EC, TDS, As,
Cd, Pb, Zn, Mn and Fe. An independent
expert will verify, through annual analysis
of the monthly data that no leakage from
the TSF into the surrounding aquifer has
been detected.
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embankment will be monitored monthly
to ensure no water is detected. If water is
detected, it will be sampled for pH, EC, TDS,
As, Cd, Pb, Zn, Mn and Fe, as per AS/NZS
5667.1:1998 standards, and results
submitted to an independent expert for
analysis.
Groundwater monitoring bores TSF A, B,C
and D will be sampled and analysed
monthly as per AS/NZS 5667.1:1998
standards for pH, EC, TDS, As, Cd, Pb, Zn,
Mn and Fe, to demonstrate no change in
quality beyond 2 standard deviation of the
mean (Figure 11 5). If a change from the 2
standard deviation occurs, results are to be
submitted to an independent expert for
analysis.

11-26

Angas Processing Facility
Miscellaneous Purposes License

FIGURE 11-8 | PROPOSED GROUNDWATER MONITORING LOCATIONS (REFERENCED IN MEASUREMENT CRITERIA)

Angas Processing Facility | 2019/0826

11-27

Angas Processing Facility
Miscellaneous Purposes License

FIGURE 11-9 | PROPOSED SURFACE WATER MONITORING LOCATIONS (REFERENCED IN MEASUREMENT CRITERIA)

11.9 FINDINGS AND CONCLUSIONS
Overarchingly, activities proposed as part of this MPL do not pose a credible S-P-R relationship which
results in impacts to groundwater quality, as infiltration of contaminated water is very well
understood on this site.
Solute transport modelling for the mine void recharge shows that there is very little movement of water
out of the mine lease area and the proposed MPL boundary and no foreseeable threat to the integrity
of the river to the west and south west of the mine site. Any pollutant resulting from the operation of
the proposed MPL would be of such low intensity or volume as to pose no credible impact pathway
(excluding the TSF which is included in Chapter 14: Geochemistry). Even if there is an eventual
breakthrough of injected plume from the mine void, recharge from ML 6229 at the lease boundaries or
from the existing MAR system, the concentration of the pollutants in the plume will be no greater than
ambient groundwater concentration.
The risks to groundwater sensitive receptors during MPL operations have been reduced to as low as
reaonably practical (ALARP), owing to the design and management strategies regarding waste
management, operational and non-operational areas onsite for water collection, water treatment
plants located onsite and the extensive monitoring program which will continue to be conducted in
accordance with the approved PEPR for ML 6229.
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