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12 SURFACE WATER AND HYDROLOGY
The Angas River is a large stream in the southern Mount Lofty Ranges that rises northwest of
Macclesfield and flows in a southerly direction through Strathalbyn before discharging into Lake
Alexandrina. The Angas River water is used for irrigation for agriculture in the Lake Alexandrina region.
Lake Alexandrina is part of the Fleurieu catchment area and is a significant freshwater resource. The
land use of the region is mainly agricultural and there are many dams in the area. Strathalbyn and its
surrounds lie within the River Murray Protection Area tributaries zone as described by the River Murray
Act 2003. The proposed MPL is located in the Lower Angas River sub-catchment, part of the Angas River
catchment.
Water monitoring along the Angas River has been conducted by Terramin since 2006.

12.1 APPLICABLE LEGISLATION AND STANDARDS
12.1.1 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.

12.1.2 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).

12.1.3 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.
The proposed MPL lies within the Eastern Mount Lofty Ranges Prescribed Water Resource Area,
prescribed by the NRM Act.

12.1.4 RIVER MURRAY ACT 2003 (SA)
The following information is taken from the Department of Environment, Water and Natural Resources
fact sheet on the River Murray Act 2003 (SA).
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The River Murray Act 2003 (the Act) came into operation on 24 November 2003. The Act aims to
protect, restore and enhance the River Murray (the River) and its natural resources (including water,
soil, ecosystems and heritage associated with the River). It also aims to ensure that the River and natural
resources are used and managed in a sustainable way.
One way in which the Act helps to protect the River is through imposing a ‘duty of care’. The ‘duty of
care’ is a duty to take reasonable precautions to ensure that actions do not cause harm to the River.
The duty is to take all reasonable measures to prevent or minimise harm to the River. In determining
what measures are ‘reasonable’, certain things will be taken into account. These include:










The nature of the harm;
The sensitivity of the environment, and the potential impact of the harm environmentally,
socially and economically (for example, what is harmful to one part or aspect of the River
Murray may be relatively harmless to another);
The practicality and financial implications of alternative action, and the current state of
technical and scientific knowledge (for example, the costs and feasibility of undertaking the
action in a different way);
Any degrees of risk that may be involved (for example, a risk of irreversible damage to the River,
or of damage that might have an ongoing impact, would be likely to demand a higher level of
care);
The significance of the River to the State, and to the environment and economy of the State;
and
Whether the person holds a licence or other form of authorisation. If so, any assessment of
harm to the River that was carried out before issuing the authorisation, and any conditions to
protect the River, will be taken into account (however, simply undertaking an activity in
accordance with an existing authorisation is not of itself a right to breach the duty).

‘Harm’ to the River includes the risk of harm and future harm. When considering whether the River has
been or might be harmed, it is necessary to consider the very broad definition of the River under the
Act.
The Murray River includes the main stream and floodplain, and all anabranches, backwaters, wetlands,
estuaries, coastal areas (including the Coorong and Lower Lakes), and tributaries (including the
tributaries in the Eastern Mount Lofty Ranges). The Murray River also includes the natural resources
associated with the River (and floodplain, tributaries, etc, as above), including not only water, soil,
minerals, vegetation, air, animals and ecosystems, but also cultural heritage, natural heritage, amenity
and geological values.

12.1.5 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.

12.1.6 PROJECT SPECIFIC SURFACE WATER QUALITY OBJECTIVES
The surface water quality objectives and guidelines listed below (Table 12-1) have been adopted as
the surface water quality objectives for the APF, as advised by the EPA during 2014 and the
development of the AZM Care and Maintenance Plan. The T- Test methodology is in line with the
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ANZECC Before-After Control-Impact (BACI) approach. Only the potential pollutants of interest to APF,
as discussed in Chapter 3: Proposed Operations, have been included.
TABLE 12-1 | PROJECT SPECIFIC SURFACE WATER QUALITY OBJECTIVES
Indicator

Project Objective (Outcome Criteria)

Turbidity

A paired t-test will demonstrate that turbidity drainage points emanating from the proposed
MPL are not significantly different from the mean of the triplicate samples taken from a
control site in the Angas River (upstream of any drainage line emanating from the proposed
MPL).

pH, EC, SO42-

If the samples obtained at drainage points emanating from the proposed MPL are significantly
different from and greater than the mean of the triplicate samples taken at Hogben,
verification will be undertaken to determine whether water is in fact leaving the MPL, in order
to ascertain the source of the potential contamination.
A paired t-test will demonstrate that potential contaminants derived from the mean of the
samples taken at Croser (Figure 12-1) is not significantly different from the mean of the
samples taken at Hogben or higher than the values recorded at the upstream control site
(Hogben) at that point in time.
If the samples obtained at Croser are significantly different from and greater than the mean of
the triplicate samples taken at Hogben, verification will be undertaken to determine whether
water is in fact leaving the MPL, in order to ascertain the source of the potential
contamination.

12.2 ASSESSMENT METHOD
12.2.1 BASELINE MONITORING
Surface water samples have been collected since 2006, as per AS/NZS 5667.1:1998 standards, at
potential discharge locations (Croser and Ford) and upstream control monitoring points (Bridge and
Hogben). Angas River monitoring locations are shown in Figure 12-1.
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FIGURE 12-1 | AZM WATER MONITORING LOCATIONS
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12.3 EXISTING ENVIRONMENT
The Angas River is a large stream in the southern Mount Lofty Ranges that rises northwest of
Macclesfield and flows in a southerly direction through Strathalbyn before discharging into Lake
Alexandrina. The major land uses are cattle grazing and cropping, with minor areas of orchards, and
the River helps to meet these water requirements. Dams are common in the area due to the land use
being mainly agricultural. Water is used for stock, domestic purposes and irrigation.
The existing ML and proposed MPL are located in the River Murray Protection Area as described by the
River Murray Act 2003 (SA), as well as the Eastern Mount Lofty Ranges Prescribed Water Resource Area
(EMLRPWRA), as described by the Natural Resource Management Act 2004 (SA). The MPL exists within
a EMLRPWRA surface water high demand zone.
Groundwater-Surface water interactions have been included in Chapter 11: Groundwater.

12.3.1 SURFACE HYDROLOGY
The MPL lies partly within two sub catchments of the Angas River (Figure 12-2), referred to as the
northern and southern catchments. The northern catchment is approximately 730ha. Within the MPL,
the northern catchment includes portions of Callington Road and the northern side of the ridge. The
northern catchment extends beyond the MPL for about 2.5km to the east and approximately 4km to
the north. The northern catchment has two drainage lines which drain into the swamp at the eastern
end of the Alexandrina Council STEDS lagoons and then flow into the Burnside Park catchment (occurs
outside of the MPL). These drainage lines are ephemeral and have been accessed and grazed by
livestock over the preceding decades and provide limited environmental value as a result.
The southern catchment covers an area of approximately 310ha and extends beyond the MPL by
approximately 2.5km to the east and 1.3km to the south. Within the MPL, the southern catchment
includes the southern side of the ridge in the centre domain and the TSF. There are no defined
watercourses within the southern catchment and runoff discharges to the broad flat area to the
southwest and into the same creek described for the northern catchment.
Water monitoring along the Angas River has been conducted by Terramin since 2006. Table 12-2
provides a statistical summary of the data collected between 2006 and 2013. Limited occurrences of
discharge into the Angas River from AZM operations occurred within this timeframe. Surface water
flows during storm and other high rainfall events occurred approximately once every three years but
the volumes exiting the silt retention dam were low and there is uncertainty whether it reached the
Angas River, as there is a further ephemeral wetland in the western paddock. There are no recorded
Angas River non compliances against existing ML 6229 measurable criteria due to the AZM operations.
The data will be considered reflective of baseline conditions for that reason.
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FIGURE 12-2 | NORTHERN AND SOUTHERN SUB-CATCHMENTS OF THE MPL
TABLE 12-2 | STATISTICAL SUMMARY OF ANGAS RIVER DATA (2006-2013)
Analyte

Units

Count

Count
<LOR

Minimum

10th
Percentile

Average

90th
Percentile

Std
Dev

Maximum

pH-L
EC-L
TDS-180
Turbidity
SO4-D
As-T
Cd-T
Cr-T
Cu-T
Ni-T
Pb-T
Zn-T
Mn-T
Se-T
Ag-T
Tl-T
Fe-T
NOX-N
TKN-N
N-T
P-T

pH
us/cm
mg/L
NTU
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

305
309
305
305
311
311
311
219
311
219
311
311
88
307
215
217
305
282
281
296
296

0
0
1
3
1
54
276
169
37
108
227
60
0
304
213
209
3
77
37
29
32

4.840
12
268
0.3
19
0.001
0.000
0.001
0.001
0.001
0.001
0.005
0.014
0.01
0.012
0.001
0.01
0.01
0.04
0.02
0.01

7.474
1558
946
1.6
48
0.001
0.000
0.001
0.001
0.001
0.001
0.007
0.025
0.01
0.012
0.001
0.15
0.02
0.20
0.30
0.03

7.685
3056
1790
13.3
100
0.002
0.000
0.003
0.003
0.002
0.003
0.020
0.115
0.01
0.013
0.001
1.06
0.96
0.95
1.61
0.22

7.916
5122
2930
30.9
176
0.003
0.000
0.005
0.005
0.002
0.008
0.036
0.217
0.01
0.013
0.002
1.41
0.57
2.54
2.78
0.34

0.329
1577
933
27.4
69
0.001
0.000
0.005
0.003
0.002
0.004
0.026
0.200
0.00
0.001
0.001
2.84
5.09
0.98
4.62
0.70

8.23
11400
6450
198.0
669
0.02
0.00
0.03
0.02
0.02
0.03
0.28
1.36
0.01
0.01
0.00
32.60
38.00
6.60
40.30
9.02
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12.4 SENSITIVE RECEPTORS
Sensitive receptors to surface water impacts are the Angas River presented in Table 12-3 and Figure
12-3. The Angas River is located to the south-west of the proposed MPL. The APF and associated MPL
is not located in a Water Protection zone, as defined by the EP Act, and as such is defined as having an
environmental value of Inland surface waters, which includes values attributed to aquatic ecosystem,
recreation and aesthetics, as well as primary industries – irrigation and general water uses, livestock
and aquaculture and human consumption of aquatic foods (EP Act, Schedule 1). As a result, the
sensitive receptor for surface water has been defined as “Surface water quality (Angas River)”, as it
encompasses all environmental values.
TABLE 12-3 | POTENTIAL SENSITIVE RECEPTORS
Sensitive Receptor

Summary

Impact ID

Surface water quality (Angas River)

Surface water quality includes values
attributed to aquatic ecosystem, recreation
and aesthetics, as well as primary industries
– irrigation and general water uses, livestock
and aquaculture and human consumption of
aquatic foods (EP Act, Schedule 1)

Groundwater quality / Local
groundwater users

Sensitive receptors are groundwater users
downgradient of the APF and TSF.

PIE_12_1
PIE_12_2
PIE_12_3
PIE_12_4
PIE_12_5
PIE_12_6
PIE_12_7
PIE_12_8
PIE_12_9
PIE_12_10
PIE_12_11
PIE_12_12
PIE_12_13
PIE_12_14
PIE_12_15
PIE_11_1

Angas Processing Facility | 2019/0826

12-10

Angas Processing Facility
Miscellaneous Purposes Licence

FIGURE 12-3 | SURFACE WATER MONITORING POINTS AND SENSITIVE RECEPTORS (ANGAS RIVER)
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12.5 POTENTIALLY IMPACTING EVENTS
Terramin have identified potentially impacting events by considering all potential interactions between
proposed MPL activities and surface water. Potential impacts involving surface water and groundwater
interactions have been covered in Chapter 11 – Groundwater. Table 12-4 outlines specifically
considered potential impact events.
Potentially impacting events are generally linked to contamination of surface water from the
operational PAF zone, discharge from the TSF, or from chemicals and/or hydrocarbons used onsite
being washed into the environment during a rainfall event. The site has been constructed and utilised
in previous operations and therefore alterations to the surface water flow regimes due to the operation
of the APF has not been considered as a potentially impacting event.
TABLE 12-4 | SPECIFICALLY CONSIDERED POTENTIAL IMPACT EVENTS
Potentially
Impacting Events
Onsite storage and
handling of waste
and hazardous
materials has the
potential to spill
and impact on
surface water
quality.
ANFO spill in
magazine impacts
surface water
quality (Angas
River)
Earthworks during
the refurbishment
phase results in
increased sediment
loads entering the
surface water
system impacting
surface water
quality (Angas
River)
Flood event results
in contaminated
water from the
operational zone
impacting surface
water quality
(Angas River)
Contamination of
surface water flows
due to failure of
monitoring system
impacts surface
water quality (i.e.
water treatment
monitoring has
failed at all points)

Potential
Pathway

Sensitive
Receptors

Confirmation of
S-P-R

Impact ID

Onsite storage
and handling of
waste and
hazardous
materials

Mobilisation
(surface water
flows) of spilled
contaminants

Surface water
(Angas River)

No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.

PIE_12_1

ANFO in
magazine

Surface water
flows

Surface water
(Angas River)

Yes

PIE_12_2

Earthworks and
disturbed soils

Surface water
flows

Surface water
(Angas River)

Yes

PIE_12_3

Operational zone

Surface water
flows

Surface water
(Angas River)

No,
even
if
surface
water
infrastructure
fails, still drains to
boxcut.
No
credible pathway.

PIE_12_4

Stormwater from
the "operational
zone"

Surface water
flows

Surface water
(Angas River)

Yes

PIE_12_5

Source
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Potentially
Impacting Events

Source

Potential
Pathway

Sensitive
Receptors

Confirmation of
S-P-R

Impact ID

Erosion of
landforms onsite
results in increased
sedimentation and
impacts surface
water (Angas River)
Stockpiled topsoil
becomes
contaminated,
impacting
rehabilitation
success and surface
water run off,
impacting the Angas
River
Stormwater from
MPL operational
area ("operational
zone") has the
potential to impact
surface water
quality (Angas
River)
Infiltration of
contaminated
surface water
within the AZM
"operational zone"
has the potential to
contaminate
groundwater and
impact on local
groundwater users
Gold ore on ROM
pad impacts surface
water quality
(sulfide hosted ore)
(Angas River).

Surface water
erosion of onsite
landforms

Surface water
flows

Surface water
(Angas River)

Yes

PIE_12_6

Surface water
erosion of
contaminated
topsoil

Surface water
flows

Surface water
(Angas River)

Yes

PIE_12_7

Stormwater from
the "operational
zone"

Surface water
flows

Surface water
(Angas River)

No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.

PIE_12_8

Contaminated
water within the
"operational
zone" infiltrates
to groundwater

Groundwater
flow

Local
groundwater
users

No, groundwater
modelling has
demonstrates no
credible impact
based on
hydrogeology.

PIE_11_1

Gold ore
stockpiles

Stormwater run
off

Surface water
(Angas River)

No, groundwater
modelling has
demonstrates no
credible impact
based on
hydrogeology.

PIE_12_9

Rupture of process
tanks/pond at the
APF has the
potential to impact
surface water
quality (Angas
River)
Wastewater
(ablution)
generated on site
has the potential to
be accidently
released and impact
local water sources
Spill of processing
chemicals (copper
sulfate, cibex, etc)
results in impacts to

Rupture of APF
process tank

Surface water
flows

Surface water
(Angas River)

No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.

PIE_12_10

Unplanned
release of
wastewater
(ablution)

Groundwater or
surface water
flows

Surface and
groundwater
quality

No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.

PIE_12_11

Chemicals stored
in operational
area

Surface water
flows

Surface water
(Angas River)

No, EPA
constructed and
approved facility.

PIE_12_12
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Potentially
Impacting Events

Source

Potential
Pathway

Sensitive
Receptors

Confirmation of
S-P-R

Impact ID

surface water
(Angas River)
Spill of RO
chemicals results in
impacts to surface
water (Angas River)

Chemicals stored
in RO area

Surface water
flows

Surface water
(Angas River)

PIE_12_13

Spill of agricultural
chemicals results in
impacts to surface
water (Angas River)

Agricultural
chemicals stored
in core sheds

Surface water
flows

Surface water
(Angas River)

Hydrocarbon spills
from diesel tank
results in impacts to
surface water
quality (Angas
River)

Diesel tank

Surface water
flows

Surface water
(Angas River)

No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.
No, not of
significant
enough volume
or concentration
to impact surface
water (Angas
River)
No, even if
surface water
infrastructure
fails, still drains
to boxcut. No
credible pathway.

PIE_12_14

PIE_12_15

12.6 CONTROL MEASURES
Control measures associated with surface water and the TSF have been included in Chapter 14:
Geochemistry and Chapter 15: Geotechnical Hazards.

12.6.1 DESIGN MEASURES
Design measures to protect surface water are currently in place at AZM (Table 12-5).
The TSF and process ponds are designed to meet the criteria for zero discharge of contaminated waste.
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.
Detail regarding the design, construction and operation of the TSF is included in Chapter 3, section
3.6.2.2. Detail associated with the potential impact to surface water from the TSF is included in Chapter
14: Geochemistry
The most significant change to the stormwater design is that the water from the operational area which
was previously directed to the boxcut, will be collected in a purpose built concrete sump, before being
piped to the process water dams and water treatment plant. Excess treated water from the water
treatment plant will be piped to a riprap drain and wetland located in the south-eastern portion of the
MPL, as shown in Figure 12-4. The southern point of the constructed wetland will be connected with
piping and riprap drain to the existing artificial wetland and sediment dam to the south west of the TSF.
The location for the wetland was chosen to take advantage of the natural topography, as water
naturally drains to this point, and will form an ephemeral infiltration basin with some potential for
passive aquifer recharge (by use of Water Sensitive Urban Design or ‘raingarden’ principles) through
the winter months.
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FIGURE 12-4 | SUMP, PIPE AND WETLAND TO BE INSTALLED
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12.6.1.1 ONSITE STORMWATER MANAGEMENT
The AZM under ML 6229 was divided into two zones, the clean zone (non-operational) and the dirty
zone (operational) – shown in Figure 12-5. Similarly, the MPL area further defined these areas into
Operational zone and non-operational zones,(Figure 12-6). The operational zone is the area consisting
of the majority of the proposed MPL operations including the ROM Pad, Mill, TSF and Workshop and
laydown yards, and is identified as a potentially pollutant generating area. Any surface water from the
operational zone containing PAF, eg ore, scats or concentrate or other measurable pollutants will be
directed to the process pond, subsequently entering the mill processing water circuit. Any surface water
that has not come into contact with PAF (i.e. within the non-operational zone) will be directed to bypass
contaminated areas through an upgraded storm water management system to maintain the quality of
natural waters.
The AZM site utilised the underground operation in the management of stormwater on the site. As
the operations for the MPL do not include underground mining infrastructure from AZM, the strategy
for the MPL storm water management has been to exclude this infrastructure and revert away from
being dependent on it being in place. Thus, the existing system in place at AZM has been altered slightly
to facilitate the separation of the two operations.
AECOM were engaged to undertake the upgrade and design of the stormwater management system
for the MPL. This work is included in Appendix K1.
Stormwater diversion infrastructure has been designed to cope with the largest known historical storm
event. To prevent potentially contaminated water from leaving the operational area, Terramin has
adopted a zero discharge policy for potentially contaminated water and has incorporated the following
design aspects as control measures:
•
•
•
•
•
•
•

All stockpiles will have sufficient bunding to capture and contain stormwater runoff;
An overflow dam and silt traps have been installed on the ROM (Figure 12-4);
Clean stormwater will report to sumps and be directed to an artificial wetland swale system
prior to entering the overflow dam;
Engineer all water holding structures to withstand a 1:100 ARI storm event;
Operate two water circuits – process water and stormwater – which will be kept separate from
each other to ensure that stormwater is not contaminated;
Implement a monitoring program to ensure the control measures operate to design
specifications; and
Water collected from zones where PAF material may exist is directed to the process water
circuit (to prevent it from entering storm water) (Figure 12-7).

The TSF has been designed so all rainwater runoff which comes in contact with tails beach remains
within the TSF and eventually drains to the decant pond if not evaporated from the area. Clean water
runoff (no contact with tails) will be diverted around the TSF and into the wetland system to the South
of the TSF.
Capture of rainwater from available roof areas, will provide additional sources of water suitable for
ablutions in the offices, for irrigation, and dust suppression, for supplying water for firefighting and as
a potential source of water for wheel wash/wash down bays, and ore processing should it be required.
Further details regarding the design of the site water balance, water resources, stormwater
management are all discussed in Chapter 3.

Angas Processing Facility | 2019/0826

12-16

Angas Processing Facility
Miscellaneous Purposes Licence

FIGURE 12-5 | AZM “CLEAN” (NON-OPERATIONAL) AND “DIRTY” (OPERATIONAL) ZONES WHICH EXISTED AS PART OF
AZM OPERATION (ML 6229)
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FIGURE 12-6 | PROPOSED MPL “OPERATIONAL” AND “NON-OPERATIONAL” ZONES
12.6.1.2 WETLAND AND SWALE DESIGN
In order to maintain a high quality of water discharge from the site, an additional wet land system has
been designed by AECOM for construction within the eastern paddock (Figure 12-8).
This area will also aid in providing additional surge capacity in the event of a high rainfall event, should
the TSF not be available for storage capacity and the water is of appropriate quality.
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Swales are designed drainage lines that are placed to intercept surface water flows and control water
velocity. Swales constructed using Water Sensitive Urban Design (WSUD) principles will enhance the
settling characteristic of the flow channels through the use of surface treatments (rock lining) and
beneficial vegetation planting. Swales provide the following benefits:





Remove course to medium sized sediments by the vegetated surface;
Improves infiltration into the soils and hence reduces surface run-off;
Delaying run-off peaks by reducing flow velocities; and
Reduces sediment from high velocity erosion.

The swales will require occasional maintenance to ensure that they are operating effectively. This
includes:





Removal of sediment build up;
Repairing localised areas of erosion, scour or damage;
Removal or management of invasive weeds; and
Mowing or slashing of vegetation (cut grass to be removed from riparian zone).

A detailed description of the proposed wetland and swale is included in Chapter 3, section 3.7.7.4.
The wetland and swale design is included in Appendix K1.
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FIGURE 12-7 | CATCHMENT AREAS USED IN THE ESTIMATIONS FOR SITE STORM WATER MANAGEMENT (APPENDIX K1)
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FIGURE 12-8 | PROPOSED STORM WATER SYSTEM FOR THE APF (APPENDIX K1)
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12.6.1.3 EXISTING SEDIMENT DAM/SILT RETENTION DAM
The swale system described above is designed to discharge to an existing silt retention dam/sedimentation
dam and associated pre-entry area located in the south-western corner of the proposed MPL – shown in
Figure 12-9. The dam is 2m deep and holds up to 1250m3, while the associated pre-entry area is shallow in
comparison (0.25m) and designed to hold an additional 650m3. The associated pre-entry zone is designed
to capture run off from the associated areas and slow the velocity to further reduce sedimentation.
The area also receives flow from catchment Area 14 (Figure 12-7) which is on the west side of the TSF and
remains unaffected by processing activity.

FIGURE 12-9 | STORM WATER MANAGEMENT SYSTEM – SILT RETENTION POND AND SWALES SOUTH WEST OF THE TSF
12.6.1.4 POST-CLOSURE
With regard to surface water management post-closure, the concept landform has been designed to
minimise the amount of stormwater runoff onto the TSF by directing water away and around the TSF. All
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contaminated soil will be removed and disposed of in the mine voids or TSF, therefore removing the risk of
stormwater contamination. The post-closure stormwater flow direction is shown in Figure 12-10.
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FIGURE 12-10 | FINAL RE-CONTOURED POST-MINING LANDFORM CONTOURS AND STORMWATER FLOWS
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TABLE 12-5 | SURFACE WATER PROTECTION DESIGN MEASURES
Design Measures
Directing of non-contaminated surface waters around operational areas (referred to as
the clean/non-operational zone).
If the water treatment control system fails and pumps contaminate water there is a
number of controls in place - silt removal tanks, silt ponds, wetlands, infiltration trenches
and the silt pond and sampling points located at the boundaries
Surface runoff from the non-operational zone that does not exit through to the
Callington Rd drainage system is directed to the silt retention dam constructed south west
of the TSF. The drain to the silt retention dam is designed to slow minor surface flows and
allow sediments to drop out of the water. The dam reduces the velocity of runoff water
during high rainfall events and capture sediments not settled out in the drains.
Collection of water that has been in contact with potentially contaminated surfaces
(referred to as the dirty or operational zone) and divert to tine mine process water circuit
or onsite water treatment facilities as needed. Excess water of approved quality from
water treatment plant (i.e what cannot be used elsewhere on site – dust supression,
irrigation etc) to be directed to wetland located in south-western corner of MPL, as per
Figure 12-4.
Bunding, storage and handling of chemicals and fuels to appropriate Australian Standards
and legislation.
The TSF is located at least 100m from modelled 1:100 ARI flood levels of the Angas River
and is designed to contain runoff from a 1:1000 year 120-hour rainfall of 280mm.

Impact ID

PIE_12_1
PIE_12_2
PIE_12_3
PIE_12_4
PIE_12_5
PIE_12_6
PIE_12_7
PIE_12_8
PIE_12_9
PIE_12_10
PIE_12_11
PIE_12_12
PIE_12_13
PIE_12_14
PIE_12_15

Closed circuit for all process water to ensure no cross-contamination with natural waters.
Bunding of stockpiles to direct any contaminated water into the process water or water
treatment circuit.
The revegetation of all soil surfaces where ever possible, to reduce soil water erosion
potential and hence surface water turbidity

12.6.2 MANAGEMENT STRATEGIES
Management strategies to protect surface water are currently in place at AZM (Table 12-6).
TABLE 12-6 | SURFACE WATER PROTECTION MANAGEMENT STRATEGIES
Management Strategies

Impact ID

Implementation of Waste Management Plan.

PIE_12_1
PIE_12_2
PIE_12_3
PIE_12_4
PIE_12_5
PIE_12_6
PIE_12_7
PIE_12_8
PIE_12_1
PIE_12_2
PIE_12_3
PIE_12_4
PIE_12_5
PIE_12_6
PIE_12_7
PIE_12_8
PIE_12_9
PIE_12_10
PIE_12_11

Handling and storage of chemicals and fuels restricted to the “operational” zone, where
possible.
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PIE_12_12
PIE_12_13
PIE_12_14
PIE_12_15
Implementation of spill response plans, including use of clean up kits and procedures.
Selection and maintenance of fixed and mobile equipment based on potential for
contamination risks

PIE_12_15
PIE_12_4
PIE_12_8
PIE_12_15

12.7 IMPACT ASSESSMENT
Impacts associated with surface water and the TSF have been included in Chapter 14: Geochemistry
and Chapter 15: Geotechnical Hazards.
Impacts to the Angas River from the operational zone have been prevented, as the entire operational
site is designed to drain to the boxcut. Even in the event of the proposed surface water management
system overtopping, the water still drains to the boxcut. This prevents a pathway to the Angas River.
The risk considered to have the highest consequence would be if the water treatment monitoring
systems failed at all three points (the raw water pond, the water treatment plant tanks and the prewetland location), and contaminated surface water entered the swale and wetland system to the east
of the operational area and TSF. Terramin have proposed three monitoring points for this reason, to
reduce the likelihood of this occurrence significantly. If the control system fails and pumps
containment water there is a number of controls in place - silt removal tanks, silt ponds Wetlands,
infiltration trenches and the sedimentation/silt retention dam and sampling points located at the MPL
boundary also. This reduces the overall worst case consequence to low, due to the likelihood being
considered rare.
Credible worst case impact of spills outside of the “operational” zone is considered low. A worst case
scenario would be a large volume spill of a hazardous chemical during, or followed by, a major rainfall
event. A spill outside of the “operational” zone may occur, and the consequence of a worst case spill
may result in a local minor short term reduction or change in surface water quality, however it is very
unlikely that chemicals and fuels spilled onsite will reach the Angas River.

12.8 PROPOSED OUTCOME(S) AND MEASUREMENT CRITERIA
In accordance with the methodology presented in Chapter 6, an outcome has been developed for
surface water impact events with a confirmed linked between source, pathway and receptor (see
Table 12-4).
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).
Surface water related outcomes and criteria are presented in Table 12-7. Outcomes for the entire
project are presented in Appendix D1.
TABLE 12-7 | 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.

If a spill of fuel, oil or hazardous
chemical occurs outside bunded
areas, it will be reported and
remediated within 48 hours. Any

Monthly review of weekly waste
management site inspections records,
focusing on storage of waste and
hazardous materials, will indicate less
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No adverse impacts on soil quality or
quantity caused by mining operations.

No adverse impact to the supply or
quality of water caused by the mining
operations to existing users and water
dependant ecosystems.
No adverse impacts on soil quality or
quantity caused by mining operations.

No adverse impact to the supply or
quality of water caused by the mining
operations to existing users and water
dependant ecosystems.
No adverse impacts on soil quality or
quantity caused by mining operations.

No adverse impact to the supply or
quality of water caused by the mining
operations to existing users and water
dependant ecosystems.
No adverse impacts on soil quality or
quantity caused by mining operations.

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

remediated spills out of the
operational zone will be soil tested as
per AS 4482.1,1997 standards, and
tested for As, Cd, Cu, Pb, Mn, Hg, Ni
and Zn to ensure no levels higher than
the topsoil stockpile baseline
maximum .
During high rainfall events which
generate runoff, turbidity will be
measured at the Front Entrance (prewetland), visitors viewing area,
overflow point of the sediment dam,
and exit point at the Evaporation Pan
(Figure 12‑11) as per sampling
method AS/NZS 5667.1:1998
standards to ensure the NTU does not
exceed ANZECC/ARMCANZ (2000)
guidelines of 50NTU.
During high rainfall events which
generate runoff, turbidity, pH and
salinity will be measured at the preswale location (Figure 11‑5), as per
sampling method AS/ NZS
5667.1:1998 standards to ensure the
NTU does not exceed
ANZECC/ARMCANZ (2000) guidelines
of 50NTU, and demonstrate that
water quality remains within historical
control data for pH 8.23 and EC of
11,400 uS/ cm.
Triplicate samples to be taken when
water is running from the Front
Entrance (pre-wetland), visitors
viewing area, Pre-Swale, overflow
point of the sediment dam, and exit
point at the Evaporation Pan (Figure
12-11). Samples to be measured as
per AS/NZS 5667.1:1998 standards. A
paired t-test will demonstrate that
turbidity at these sites is not
significantly different from the mean
of the triplicate samples taken at
Hogben or greater than the mean of
the triplicate samples taken at
Hogben. If the samples obtained at
the pre-wetland location, visitors
viewing area or silt dam overflow are
significantly different from and
greater than the mean of the
triplicate samples taken at Hogben,
verification will be undertaken to
determine whether water is in fact
leaving the Mineral Lease/MPL, in
order to ascertain the source of the
potential contamination.
Triplicate surface water samples will
be taken during rain events where
there is a potential for discharge into
the Angas River from MPL. Samples
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than 5 occurrences a month of
incorrectly disposed or stored waste.

After high rainfall events which
generate runoff, records from visual
inspections of silt traps, the silt
retention dam and surface drainage
systems on the proposed MPL
demonstrate that silt volume is no
more than 50% of trap capacity
volume and there is no breach in walls

Quarterly surface water monitoring
will occur if water is flowing into the
pre-swale location (Figure 11‑5) as per
sampling method AS/ NZS
5667.1:1998 standards to ensure the
NTU does not exceed
ANZECC/ARMCANZ (2000) guidelines
of 50NTU, and demonstrate that
potential contaminants (pH, EC) less
than two standard deviations of the
mean control data values control
values of pH 8.39 and EC of 6,441.93
uS/cm.

After high rainfall events which
generate runoff, records from visual
inspections of silt traps, the silt
retention dam and surface drainage
systems on ML 6229 and MPL (Figure
12-11) demonstrate that silt volume is
no more than 50% of trap capacity
volume and there is no breach in
walls.
After high rainfall events which
generate runoff, visual inspections of
all sloped areas, ore and topsoil
stockpiles will occur to ensure no
evidence of sediment loss through
erosion (formation of rills and gullies)

Triplicate surface water samples will
be taken quarterly, as per AS/NZS
5667.1:1998, where the Angas River
flows at one potential discharge
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No adverse impacts on soil quality or
quantity caused by mining operations.

No adverse impact to the supply or
quality of water caused by the mining
operations to existing users and water
dependant ecosystems.
No adverse impacts on soil quality or
quantity caused by mining operations.

will be taken, as per AS/NZS
5667.1:1998, where the Angas River
flows at one potential discharge
location (Croser) and one upstream
control sample point (Hogben). A
paired t-test will demonstrate that
potential contaminants (Pb, Zn, Cd,
pH, TDS, SO4, EC and turbidity) at
Croser are not significantly different
(p-value ≤ t-test value) from the mean
of the samples taken at Hogben at
that point in time over a consecutive
period no less than 5 years.
If the samples at Croser are
significantly different and greater than
the mean of the triplicate samples
from Hogben, verification will be
undertaken to determine whether
surface water is leaving the proposed
MPL.
Sampling will cease if closure criteria
has been satisfied and when the TSF
has been rehabilitated as per the
approved TSF closure design.
Sampling will be undertaken once if
possible within a 24 month period
prior to Mineral Lease surrender
document submission.
Triplicate surface water samples will
be taken during rain events where
there is a potential for discharge into
the Angas River from MPL. Samples
will be taken, as per AS/NZS
5667.1:1998, where the Angas River
flows at one potential discharge
location (Croser) and one upstream
control sample point (Hogben). A
paired t-test will demonstrate that
potential contaminants (Pb, Zn, Cd,
pH, TDS, SO4, EC and turbidity) at
Croser are not significantly different
(p-value ≤ t-test value) from the mean
of the samples taken at Hogben at
that point in time over a consecutive
period no less than 5 years.
If the samples at Croser are
significantly different and greater than
the mean of the triplicate samples
from Hogben, verification will be
undertaken to determine whether
surface water is leaving the proposed
MPL.
Sampling will cease if closure criteria
has been satisfied and when the TSF
has been rehabilitated as per the
approved TSF closure design.
Sampling will be undertaken once if
possible within a 24 month period
prior to Mineral Lease surrender
document submission.
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location (Croser) and one upstream
control sample point (Hogben). A
paired t-test will demonstrate that
potential contaminants (Pb, Zn, Cd,
pH, TDS, SO4, EC and turbidity) at
Croser are not significantly different
(p-value ≤ t-test value) from the mean
of the samples taken at Hogben at
that point in time .

None proposed.
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FIGURE 12-11 | PROPOSED STORMWATER MONITORING LOCATIONS (REFERENCED IN MEASUREMENT CRITERIA)

12.9 FINDINGS AND CONCLUSIONS
MPL operations cannot reasonably be expected to impact on surface water receptors. Baseline
monitoring between 2006 and 2013 shows that AZM surface water did not discharge contaminates into
the Angas River during this period, whilst surface water monitoring shows that the current site design
effectively manages stormwater onsite, as failures of the surface water management system drain to
the boxcut, preventing a pathway to the Angas River.
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