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14 GEOCHEMISTRY
Terramin proposes to process BIH gold ore at the Angas Processing Facility (APF) and store tailings
material in the existing Angas Tailings Storage Facility (TSF). Ore material will be transported via road
trucks to the APF ROM pad for temporary storage, prior to being crushed, ground and then processed
via flotation. Tailings produced will be deposited into the existing tailings TSF, on top of the AZM tailings.
No cyanidation will be used in the process.
This chapter considers the element of the storage of waste material (tailings, PAF, water treatment
wastes etc) within the Tailings Storage Facility (TSF).
For details on the proposed management
strategies of other potential sources of geochemical impact within the MPL, please refer to the
associated chapters:






Chapter 11: Ground water
Chapter 12: Surface water
Chapter 13: Soil and Land Quality
Chapter 14: Geotechnical
Chapter 13 of the BIH Mining Lease Proposal includes a description of the assessment of the
BIH ore for Geochemical Impact.

14.1 APPLICABLE LEGISLATION AND STANDARDS
14.1.1 MINING ACT 1971
The South Australian Mining Act 1971 (Mining Act) regulates and controls mining operations. The
Mining Act provides for various mineral leases and licences, Programs for Environment Protection and
Rehabilitation (PEPR) and general provisions for environmental protection. The Mining Act’s definition
of ‘environment’ includes: land, air, water (including both surface, underground and sea water),
organisms, ecosystems, native fauna and other features or elements of the natural environment; and
public health, safety and amenity.

14.1.2 MINING REGULATIONS 2011
The Mining Regulations 2011 (Regulations) under the Mining Act prescribe the requirements of a
Miscellaneous Purposes Licence (MPL) management plan. Specifically, Regulation 49(1)(d) states ‘the
statement of the environmental outcomes under section 53(1)(a)(ii)(C) of the Act must include a set of
rehabilitation outcomes that at least address the following issues (assessed on a long-term basis):
(i)
(ii)
(iii)
(iv)

external visual amenity;
risks to the health and safety of the public and fauna;
physical, ecological and chemical stability;
surface and groundwater quality and quantity.’

14.1.3 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.
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14.2 ASSESSMENT METHOD
Metallurgical assessment of the BIH ore was undertaken by ALS Metallurgy, including a
recommendation on the likely processing strategy for the BIH ore, as well as determining the nature of
the tailing produced from that process. Results of this investigation are included in Appendix V1.
Further comment on the recommended processing strategy, as well as the possible impacts of
combining the AZM tails with the BIH tails, is included in the review undertaken by Mineralurgy Pty Ltd
in Appendix V2.
Terramin commissioned AECOM to assess the specific geochemical interactions between Zn/Pb
sulphide and gold oxide Tailings (Appendix M7).
The main objectives of the geochemical assessment were:




Evaluate the geochemical interactions over time between the existing tailings contained
within the TSF at Angas and the tailings produced by the Project.
Assess the potential environmental effects resulting from those geochemical interactions
and the interaction of the products on the TSF’s lining.
Assess how the net acid generating potential of the existing Angas tailings might change
due to the addition of BIH tailings.

Terramin commissioned ATC Williams to undertake a preliminary tailings and water management study
for the BIH tailings disposal at the TSF (Appendix I2). This also included a brief analysis and comment
on the ALS results on the potential impact of storing the two tailings materials within the same facility.
The scope of work covered by this ATC Williams study included:
·
·
·
·

Tailings laboratory testing,
Tailings beach slope predictions,
Preliminary tailings deposition modelling and strategies, and
Preliminary water balance and water management strategies.

14.2.1 BIH TAILINGS LABORATORY TESTING
A series of laboratory testing was undertaken by ATC Williams to understand how the tailings material
will behave within the TSF. The laboratory tests performed on the BIH tails by ATC Williams were:
·
·
·
·
·
·

Specific Gravity (Soil Particle Density);
Plasticity (Atterberg Limits);
Particle Size Distribution (by sieving and hydrometer);
Drained Settled Density Testing;
Shrinkage Limit Density; and
Rheology.

Dry tailings samples were received as individual sulphide and oxide materials which were blended at a
ratio of 3:1 (sulphide: oxide) by weight prior to testing. No flocculant was added to any samples prior
to testing. Settled density and shrinkage limit testing were performed at 55% solids concentrations
whilst rheology testing was performed at 55%, 60%, 65% and 70% solids concentrations (Appendix I2).
As part of the metallurgical test work for the Project undertaken by ALS (Appendix V1), two composite
tailings samples were generated using drill core material derived from the 2016 resource drilling
program. The mineralogy of the tailings samples was determined by X-ray diffraction (XRD).
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The potential for the tailings sample to generate acidity was assessed based on the Net Acid Producing
Potential (NAPP) and Net Acid Generation (NAG) testing. The NAPP is the difference between the
samples’ maximum potential acidy (MPA), based on total sulphur concentrations, and acid neutralising
capacity (ANC). In contrast, the NAG test directly measures the net amount of acid generated by a
sample because acid generating and acid neutralising reactions occur simultaneously in the assay
(Appendix M7).

14.2.2 AZM TAILINGS LABORATORY TESTING
The composition and acid and metalliferous drainage (AMD) potential of the existing tailings stored
within the Angas TSF has been previously assessed (EGi 2006 – Appendix M2). XRD analysis of two
tailings samples, collected on 27 August 2013, was undertaken as part of the broader AMD testing
program in preparation of Angas being placed under Care and Maintenance (Appendix M3).
ATC Williams conducted further tailings laboratory testing during 2009 of the following parameters:
•
•
•
•
•
•
•
•
•

pH, TDS, initial solids content
Atterberg limits (plasticity)
Particle density (specific gravity)
Particle size distribution (including hydrometer)
Segregation threshold
Shrinkage limit density
Tray settlement tests
Rheology
Rowe Cell Consolidation

This has been included in Appendix M6.

14.2.3 TAILINGS BEACH SLOPE PREDICTIONS
The ATC Williams laboratory testing results allowed beach slope predictions to be undertaken. Beach
slopes have been estimated assuming a tailings discharge solids concentration of 55% in order to
optimise filling of the Angas TSF.
Tailings typically form a concave slope when deposited, especially across large distances. To simulate
the expected concavity, a compound slope has been predicted and adopted for modelling purposes.
The beach slope values are estimated by using the tailings rheological properties of tailings (from
laboratory testing) and the expected discharge flowrate (Appendix I2).

14.2.4 DEPOSITION MODELLING
The tailings deposition strategy consists of tailings deposition at 55% solids concentration into the TSF
from two specified discharge points located at the north of the facility. Considering the shrinkage limit
density of 1.59t/m3 measured for the BIH tailings in the laboratory testing, a conservative value of
1.5t/m3 has been adopted as the final in-situ density of the deposited tailings at the TSF (Appendix I2).
The deposition strategy adopted focuses on two main objectives:
·
·

Maximising the available storage capacity within the TSF.
Optimising decant recovery through the existing decant recovery system.

In order to achieve both objectives, tailings shall only be deposited from one discharge point at any one
time. This will allow the tailings beach to establish at flatter slopes, better filling the available space.
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Discharge points should be alternated as required to ensure the decant pond is symmetrically formed
around the decant embankment and water recovery is always optimised.
For simplicity, the tailings deposition modelling has assumed a 5-year period instead of the current
forecast of 53 months. It is noted that the total tonnage deposited into the TSF has remained constant
and the deposition profiles are expected to still be representative (Appendix I2).

14.2.5 TSF WATER BALANCE MODELLING
The aim of the water balance modelling is to evaluate the behaviour of the decant pond within the TSF
under different rainfall scenarios and to predict the average and maximum pond volume and surface
area. The water balance was run with real climate records on the basis of the conventional mass balance
approach:
Δ Storage Volume = Inputs – Outputs
Key objectives of the water balance were to:
·

·
·

Limit the decant pond extents to 15,000m2 so as to ensure a phreatic surface does not extend
past the double liner. Decant pond size was allowed to exceed this value temporarily, providing
that it was able to be brought back in a timely manner, and did not exceed 15,000m2 for a
period longer than 180 days;
Optimise the decant return water system and pumping rates; and
Provide a system where spillway flow does not occur.

Details on model input and output data are provided in Appendix I2.

14.2.6 GEOCHEMICAL MODELLING
To assess the potential risk of geochemical interactions over time between the existing tailings
contained within the TSF at AZM and those produced by the BIH project, a kinetic-geochemical model
was used to simulate the AZM TSF water - BIH tailings mineral system. Model input parameters are
provided in Appendix M7.
In the modelling, the unsaturated zone was considered to be the major reactive zone in the tailings
deposit and the main source of dissolved constituents in the groundwater. This zone was
conceptualised as a single, completely-mixed flow-through reactor.
The modelling simulates the oxidation and dissolution of BIH tailings mineral phases due to contact with
existing in-situ pore water in the TSF. The possible transport of soluble reaction products from the TSF
to downstream groundwater receptors is dependent on the migration of contaminated pore water
derived from the leaching of in-situ tailings material and subsequent movement of that contaminated
pore water through the unsaturated zone into the underlying saturated groundwater zone (Appendix
M7).

14.3 EXISTING ENVIRONMENT
14.3.1 GEOCHEMISTRY
EXISTING AZM TAILINGS
Existing AZM tailings is mainly composed of quartz, basanite, pyrite, pyrrhotite, and mica and chlorite
assemblages with minor to trace amounts of sphalerite and amphiboles. In comparison to the BIH
tailings, the existing tailings stored within the Angas TSF do not contain carbonates such as dolomite
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and/or calcite. The oxidation of sulphide minerals such as pyrite can result in the formation of secondary
mineral phases (e.g. jarosite and gypsum). Basanite (CaSO4•0.5H2O) was found to be present within the
exiting tailings possibly as a stable precursor phase to gypsum (CaSO4•2H2O) (Appendix M7).
AZM tailings samples were found to contain high NAPP, with total sulphur concentrations ranging
between 11.8% and 20.8% (Appendix M8). The NAG results confirm the high acid potential of the
tailings. Studies predicted that the AZM tailings would be highly reactive and have the capacity to
generate high sulphate and acid leachate if the solids are beached and exposed to atmospheric
conditions (Appendix M8). Tailings testing in 2016 showed that tailings material sampled at depth (0.4
to 0.7 metres below the surface of the deposited tailings) was more neutral in pH than at the TSF
surface. This is possibly due to a reduction in oxygen as a result of increased water saturation at depth
compared to the surface layer, and hence slower oxidation rates (Appendix M7).

14.3.2 GROUNDWATER MONITORING
Monitoring of six TSF embankment bores has been undertaken monthly since TSF construction in 2008
to test for the presence of water. If any water was present in the TSF embankment, quality would be
assessed and any leakage detected from the TSF that may report into the surrounding aquifer would
be assessed. Aquifer monitoring bore locations for any potential TSF leakage are presented in Figure
14-1. TSF groundwater monitoring data from TSF A, B, C and D is presented in Table 14-1. TSF
embankment bores (MB 1-6) have remained dry since the construction of the TSF in 2008 and no
indication of TSF leakage has ever occurred.
TABLE 14-1 | TSF BORE MONITORING DATA
Analyte
pH
EC-L
As-T
Cd-T
Pb-T
Zn
Fe-T

Units
pH
μS/cm
mg/L
mg/L
mg/L
mg/L
mg/L

Average
7.06
17252.5
0.0066
0.0011
0.0788
0.4109
40.1974
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Standard Deviation (SD)
0.43
5697.4
0.0048
0.0019
0.1133
1.2484
67.5296

Average + 2SD
7.93
28647.2
0.0161
0.0049
0.3053
2.9077
175.2565
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FIGURE 14-1 | TSF EMBANKMENT PIEZOMETERS AND GROUNDWATER MONITORING BORE LOCATIONS

14.4 SENSITIVE RECEPTORS
Sensitive receptors are presented in Table 14-2.
TABLE 14-2 | POTENTIAL SENSITIVE RECEPTORS
Sensitive Receptor

Summary

Impact ID

Groundwater and/or local groundwater
users

No identified groundwater users within
vicinity of proposed MPL.

PIE_14_1
PIE_14_2
PIE_14_3
PIE_14_6
PIE_14_9
PIE_14_19
PIE_14_20
PIE_14_23
PIE_14_25
PIE_14_26
PIE_14_27

Local community

Members of the community who access the
surrounding properties of the proposed MPL.

Native fauna populations

Native fauna, including wetland species,
migratory species and avifauna found in
revegetated and wetland habitats
Soil quality of both within and outside
proposed MPL. Can be either operational or
post-closure phase.

PIE_14_13
PIE_14_14
PIE_14_16
PIE_18_4

Soil quality
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Surface Water (Angas River)

Angas River

Surrounding agricultural land

Includes surrounding wheat cropping which
adjoins the proposed MPL.

PIE_14_21
PIE_14_5
PIE_14_8
PIE_14_11
PIE_14_15
PIE_14_18
PIE_14_22
PIE_14_24
PIE_14_12

14.5 POTENTIALLY IMPACTING EVENTS
Terramin have identified potentially impacting events by considering all potential risks associated with
the geochemistry of the TSF. Table 14-3 outlines specifically considered potential impact events.
This work builds on the identified impact events from the initial TSF risk assessment and design prior to
TSF construction and outlined in the ATC Williams TSF concept design report 2006, report number
105032.01 (Appendix V3).
In order to make the chapter more user-friendly, some identified potential impact events which have
the same source and pathway have been summarised together with multiple receptors, as the TSF
impact assessment analyses the design of the TSF in regards to the potential impact event. The
complete impact assessment table in Appendix E1 includes separate lines for all individual receptors
per potential impact event.
TABLE 14-3 | SPECIFICALLY CONSIDERED POTENTIAL IMPACT EVENTS
Potentially
Impacting Events

Source

Potential Pathway

Sensitive
Receptors

Confirmation
of S-P-R

Confirmati
on of S-P-R

Basal liner failure
(major) resulting in
major leak over short
time period
impacting
groundwater

TSF water

Basal liner failure,
leading to
groundwater seepage

Groundwater
and/or local
groundwater users

Yes

PIE_14_1

Basal liner failure
(minor) resulting in
slow leak over long
time period
impacting
groundwater
Discharge of
contaminated water
from return water
pipeline failure
impacting
groundwater quality

TSF water

Basal liner failure,
leading to
groundwater seepage

Groundwater
and/or local
groundwater users

Yes

PIE_14_2

Contaminated water
from return water
pipeline

Site water directional
flows

Groundwater
and/or local
groundwater users

Yes

PIE_14_3
PIE_14_4
PIE_14_5

Soil Quality (post
closure)
Surface water
(Angas River)
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Potentially
Impacting Events
Discharge of solids tailings pipeline
failure results in
impact to surface
water (Angas River),
groundwater and/or
soil quality

Source

Potential Pathway

Tailings (pipeline
failure)

Overland flow of
tailings / water

Sensitive
Receptors

Confirmation
of S-P-R

Confirmati
on of S-P-R

Groundwater
and/or local
groundwater users

Yes

PIE_14_6
PIE_14_7
PIE_14_8

Yes

PIE_14_9
PIE_14_10
PIE_14_11

Soil Quality (post
closure)
Surface water
(Angas River)

Discharge through
spillway (buffer
storage capacity /
water level not
managed / storm
event overtops
through spillway)
impacts groundwater
quality outside TSF

TSF decant water

Spillway

Groundwater
and/or local
groundwater users

Dust deposition from
TSF impacts
negatively upon
neighbouring
productive land
Dust deposition from
TSF results in
nuisance impacts on
local community
Dust deposition from
TSF results in health
impacts on local
community
Flood - Erosion of
embankments from
flooding in River
leading to exposed
tailings and results in
impact to surface
water (Angas River)
Geochemical reaction
between BIH and
AZM tailings causes
air quality impacts on
local community

Tailings - Total
Insoluble Matter

deposition system
(wind)

Surrounding
agricultural land

Yes, however,
beach kept
moist through
operations

PIE_14_12

Tailings - Total
Insoluble Matter

deposition system
(wind)

Local community

PIE_14_13

Tailings – PM10

deposition system
(wind)

Local community

Tailings

Flood

Surface water
(Angas River)

Yes, however,
beach kept
moist through
operations
Yes, however,
beach kept
moist through
operations
No, TSF built
>100m from
1:100m ARI
flood plain.
Not credible.

TSF

chemical reaction
causing airborne
particulates

Local community

No – See
Appendix M7
for analysis of
geochemical
reactions

PIE_14_16

Overtopping of TSF
due to
underestimation of
sg/ore
volumes/beach

Tailings

Overland flow

Groundwater
and/or local
groundwater users

Yes, however
very unlikely
based on
significant
work

PIE_14_17
PIE_14_18
PIE_14_19

Soil Quality (post
closure)
Surface water
(Angas River)
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Potentially
Impacting Events

Source

Potential Pathway

disposition due to
poor management
practices/etc. results
in impact on surface
water (Angas River),
groundwater and/or
soil quality.

Sensitive
Receptors

Confirmation
of S-P-R

Soil Quality (post
closure)

undertaken to
ascertain fit.
9% extra
capacity. See
section
14.7.6.2.5 and
Chapter 3:
section
3.6.2.2.
No, not of
sufficient
volume or
water quality
as to credibly
impact
receptors. See
section
14.7.6.7 and
14.7.6.10.

Surface water
(Angas River)

Overflow of seepage
pit from either pump
failure or increased
pressure above
double liner results in
overflow of seepage
pit impacting on
surface water (Angas
River), groundwater
and/or soil quality.

Seepage pit water

The mixing of 2 types
of tailings causes a
chemical reaction
that causes leaks
through the liner or
impact/stops the
designed seepage
system from
operating and that
cascades into forcing
a leak impacting the
groundwater table.
TSF water have the
potential to impact
native fauna if
allowed access to the
tailings
material/water

TSF

Sediment deposition

Groundwater
and/or local
groundwater users
Soil Quality (post
closure)
Surface water
(Angas River)

chemical reaction
causing liner to fail

Surface water
(Angas River)
Groundwater
and/or local
groundwater users

tailings
material/water

Angas Processing Facility | 2019/0826

Poisoning of animals
accessing TSF

Native fauna
populations

Confirmati
on of S-P-R

PIE_14_20
PIE_14_21
PIE_14_22

No – See
Appendix M7
for analysis of
geochemical
reactions

PIE_14_23
PIE_14_24

No, site is
security
fenced to
prevent
unfettered
access for
large native
mammals,
however,
birds may
access. No
evidence of
harm from
primary
contact during
operation of
ML 6229
(2007-2013).
Not expected
through MPL.
See section
14.7.6.8. Also
included in
Chapter 18:
Fauna and
Pests

PIE_18_4
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Potentially
Impacting Events

Sensitive
Receptors

Confirmation
of S-P-R

Confirmati
on of S-P-R

Groundwater flows

Groundwater
and/or local
groundwater users

No, not of
sufficient
volume or
water quality
as to credibly
impact
receptors. See
section
14.7.6.10.

PIE_14_25

TSF tailings

cap failure bathtubbing, etc

Groundwater
and/or local
groundwater users

Yes – however
TSF capping
materials
tested for
required
properties –
Appendix M1

PIE_14_26

TSF - increased
pressure head on
liners

Seepage

Groundwater
and/or local
groundwater users
and/or local
Groundwater
and/or local
groundwater users
users

Yes

PIE_14_27

Source

Potential Pathway

Increased decant
pond size (>15000m2
for more than 180
days) results in
increased pressure
head over double
liner, resulting in
seepage into aquifer
beneath TSF
impacting the
groundwater quality

TSF Water

Unsuitable material
for the ET cap
redesign results in
cap failure, water
ingress into tailings
and seepage into
groundwater
impacting
groundwater quality
Water balance - RO
reject more than
expected results in
too much water in
TSF, increasing
pressure upon liner
and results in
seepage into
groundwater

14.6 CONTROL MEASURES
14.6.1 DESIGN MEASURES
Design measures relevant to TSF geochemistry are presented in Table 14-4. Discussion of TSF design is
included below in section 14.6.1.1.
TABLE 14-4 | TAILINGS STORAGE FACILITY DESIGN MEASURES
Design Measures

Impact ID

The TSF is designed to meet the site specific “Guidelines for the Management of Tailings at the
Proposed Angas Zinc Project, Strathalbyn, South Australia” as issued by DMITRE (now DEM) in April
2006, Appendix M10. This guideline incorporates the draft EPA guidelines for landfill management.
The five broad themes required by this guideline are listed in section 14.7.6.1.
TSF constructed to ANCOLD guideline specifications
The TSF is located at least 100m from modelled 1:100 ARI flood levels and is designed to contain
runoff from a 1:1000 year 120-hour rainfall of 280mm. (Figure 14-5).

PIE_14_1
PIE_14_2
PIE_14_9
PIE_14_10
PIE_14_11
PIE_14_12
PIE_14_13
PIE_14_14
PIE_14_15
PIE_14_16
PIE_14_17
PIE_14_18
PIE_14_19

The TSF is lined with a 1.5 mm thick HDPE liner with a lower section double lined to the 68RL. A
leakage detection and leachate recovery system was designed and installed to EPA standard. These
systems are designed to draw water through the top liner into the drains (located between the two
liners) and water is eventually returned to the decant pond. These systems remove the pressure head
from the bottom liner, significantly reducing the potential for leakage through this liner.
The TSF meets the relevant standards in relation to seismic activity (e.g. Operating Basis Earthquake 1
in 100 Annual Exceedance Probability; Maximum Design Earthquake 1 in 1000) and reactive soils.
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The return water line from the TSF and the feed lines to the distributor points to the TSF are bunded
so as to contain any potential spills.

The TSF will be rehabilitated at closure. A capillary break and engineered soil phytocap 1.6 m deep will
be placed over the remaining tailings. The angle of the TSF outer wall batters will be reduced to 1 in 3
and the TSF capping will be designed to ensure that all surface water flows off the capping layer, with
no ponding.`

The post-closure concept landform has been designed to minimise the amount of stormwater runoff
onto the TSF by directing water away and around the TSF.

PIE_14_20
PIE_14_21
PIE_14_22
PIE_14_23
PIE_14_24
PIE_14_25
PIE_14_26
PIE_14_27
PIE_14_3
PIE_14_4
PIE_14_5
PIE_14_6
PIE_14_7
PIE_14_8
PIE_14_1
PIE_14_2
PIE_14_9
PIE_14_10
PIE_14_11
PIE_14_15
PIE_14_16
PIE_14_20
PIE_14_21
PIE_14_22
PIE_14_23
PIE_14_24
PIE_14_26
PIE_14_26

TAILINGS STORAGE FACILITY
14.6.1.1.1 SUMMARY
The Angas TSF was built and commissioned in 2008 to store tailings from the Angas Zinc Concentrator
(Mill). The mine ceased operation in 2013 and the TSF has since been under care and maintenance.
The design storage capacity for the TSF was approximately 2 Mt of tailings at a density of 1.8 t/m3, with
allowance for an additional water storage of 155,000 m3. The current remaining storage capacity in the
TSF is estimated to be around 675,000 tonnes of tailings (dry solids) or 375,000 m3 at 1.8 t/m3. Storage
allocation within the TSF is required for 70,000 m3 of a potentially acid forming waste rock currently
stored within AZM as well as approximately 4,900m3 of material to create a causeway for tails
deposition management (Appendix I2).
Terramin intend to process 557,000 tonnes of ore from the BIH project through the APF over a period
of 53 months, producing approximately 522,000 tonnes of tailings. A summary of the values at the end
of the BIH operations are included in Table 14-5 and illustrated graphically in Figure 14-2.
The TSF is located at least 100m from modelled 1:100 ARI flood levels (Figure 14-5) and is designed to
contain runoff from a 1:1000 year 120-hour rainfall of 280mm.
The TSF is lined with a 1.5 mm thick HDPE liner with a lower section double lined, to include a leachate
recovery system. A leakage detection and leachate recovery system was designed and installed to EPA
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standard. These systems are designed to draw water through the top liner into the drains (located
between the two liners) and water is eventually returned to the decant pond. These systems remove
the pressure head from the bottom liner, significantly reducing the potential for leakage through this
liner.
The TSF meets the relevant standards in relation to seismic activity (e.g. Operating Basis Earthquake 1
in 100 Annual Exceedance Probability; Maximum Design Earthquake 1 in 1000) and reactive soils.
An updated TSF Operations and Maintenance Manual to be completed during PEPR development will
outline the operating specifications for both tailings levels and decant pond water level for the life of
the project.
TABLE 14-5 | BREAKDOWN OF TSF STORAGE BY CONTENTS TYPE
Storage type

Volume (m3)

% of total capacity

Design capacity
Total AZM tails
AZM PAF storage
TSF causeway construction
Total BIH tails
Stormwater water storage
Unused TSF capacity

1,112,000
437,000
70,000
4,900
348,000
155,000
97,100

100%
39%
6%
0.4%
31%
14%
9%
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FIGURE 14-2 | BREAKDOWN OF TSF STORAGE BY CONTENTS TYPE ANT THE END OF BIH OPERATIONS

14.6.1.1.2 EMBANKMENT
The Angas TSF consists of a horse-shoe shaped geomembrane lined embankment with a crest level at
RL 76.6 m. The embankment was constructed from borrowed materials with designated zones of clay,
sandy clays and limestone. The TSF has a consequence (hazard) category of High C in accordance with
ANCOLD Guidelines on Tailings Dams. The Embankment structural integrity was reviewed in 2008 by
ATC Williams following a heavy rainfall and surface water pooling event at the exterior toe of the TSF,
the report found no structural or stability issues are caused by surface water and hence no AMD
material loss from the TSF, as the embankments were designed to still contain tailings when fully
saturated, see Appendix M9.
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14.6.1.1.3 GEOMEMBRANE LINER
A 1.5 mm thick HDPE liner has been installed over the embankment upstream slope and across the
entire facility with a double lined section existing at the southern end of the facility in the area of the
decant pond Figure 14-3. The double liner covers an area of approximately 68,000 m2 and enables leak
detection and collection over the area of the decant pond.
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FIGURE 14-3 | EXTENT OF DOUBLE LINERS ON THE TSF
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14.6.1.1.4 DECANT RECOVERY SYSTEM
The TSF was initially constructed with a decant recovery structure including:
1. A decant embankment formed by a 1.2 m diameter slotted concrete well surrounded and
supported by free draining filter and embankment materials;
2. A decant pond overflow culvert placed on the decant embankment to allow control of the pond
level by use of lid sections with a pipe from the base of the culvert to the slotted concrete well;
3. A pump at the bottom of the well to remove the accumulated decant and seepage water and
return to the process plant.
The slotted decant well is still operational and allows free drainage of the decant water and tailings
pore water into the well. A pontoon pump was installed in 2011 to increase the water recovery for the
feed to a water treatment (RO) plant. The existing decant recovery pumps are still operational and have
a capacity of greater than 60 m3/hr. Additional pumps will be installed to maximise water recovery, as
required.
14.6.1.1.5 EMERGENCY SPILLWAY
An emergency spillway has been constructed on the western abutment to covey a design flow resulting
from a 1:10000 years Average Recurrence Interval (ARI) rainfall event. The emergency spillway has an
invert level at RL 75.8m, a base width of 5m, and a maximum flow capacity of 3.6m3/s. This spillway
reports to a limestone lined drain that then reports to the swale and sedimentation dam at the base of
the TSF, which overflows to a paddock, the ‘buffer’ domain, to the west. The emergency spillway is not
expected to ever be used as the TSF operations manual will be followed, and this allows adequate
freeboard to the spillway for a 1:1000 rainfall event. More details on the swale and sedimentation dam
are included in Chapter 11: Surface Water.
14.6.1.1.6 DIVERSION BUND
A surface water diversion bund exists on the north-western side of the TSF to divert surface runoff from
upstream of the TSF. Collected surface waters is diverted along the north-west diversion bund to the
emergency spillway outlet location, limiting the effective catchment of the TSF (Appendix I2).
14.6.1.1.7 TSF CLOSURE DESIGN
A TSF Cap Options Assessment, TSF Dam Wall Geotechnical Investigation and Proposed Phytocap
Conceptual Design Report have been completed by URS (Now AECOM) (Appendix S9, Appendix M1 and
Appendix S6 respectively). In 2015, after feedback and discussion with O’Kane Consultants, AECOM
have updated the modelling associated with the Proposed Phytocap Conceptual Design. The design has
been included in an addendum to the Conceptual Phytocap Design (Appendix S6 and is presented in
Appendix S7.
Reports which were recently completed as part of the approved Mine Closure Plan for ML 6229 (located
in the Mine Closure Plan (appendix C) of the ML 6229 2017 approved PEPR) include:



Detailed erosion assessment;
- AZM Soil Erodibility Assessment (Included as Appendix I1 of this document);
Consolidation assessment of tailings using site specific material properties;
- TSF Tailings Beach Subsidence – survey analysis (section 6.6.5.1.3.3 of the MCP); and
- Australian Tailings Consultants “Report on Laboratory Testing of Tailings for the Angas
Zinc Project” Ref: 105032R12, December, 2010 – included as Appendix M6 of this
document
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A cover model that address performance of the system using continuous climate data set over
the long term;
- Conceptual Phytocap Design 2016 (incorporates O’Kane feedback as of September
2016) (Appendix S6 and memo (Appendix S7)
 Documentation of vegetation field trials;
- COOE AZM TSF cap vegetation trial (Appendix S8)
- Landfill trial cap presentation (Appendix S16)
 Developing and referencing conservative cover models:
- Updated phytocap memo (Appendix S7)
Details of the capping option process and subsequent modelling has been presented in Chapter 3:
Section 3.9.
To ensure that the TSF closure works have been undertaken to design, an audit inspection will be
undertaken once complete. The TSF closure report will be conducted by an independent chartered
professional post-closure to demonstrate that the TSF and associated infrastructure has been
rehabilitated as per the approved TSF closure design and will function as designed for the foreseeable
future.
Reports which were recently completed as part of the approved Mine Closure Plan for ML 6229 (located
in the Mine Closure Plan (appendix C) of the ML 6229 2017 approved PEPR) include:


Detailed erosion assessment;
- AZM Soil Erodibility Assessment (Included as Appendix I1 of this document);
 Consolidation assessment of tailings using site specific material properties;
- TSF Tailings Beach Subsidence – survey analysis (section 6.6.5.1.3.3 of the MCP); and
- Australian Tailings Consultants “Report on Laboratory Testing of Tailings for the Angas
Zinc Project” Ref: 105032R12, December, 2010 – included as Appendix M6 of this
document
 A cover model that address performance of the system using continuous climate data set over
the long term;
- Conceptual Phytocap Design 2016 (incorporates O’Kane feedback as of September
2016) (Appendix S6 and memo (Appendix S7)
 Documentation of vegetation field trials;
- COOE AZM TSF cap vegetation trial (Appendix S8)
- Landfill trial cap presentation (Appendix S16)
 Developing and referencing conservative cover models:
- Updated phytocap memo (Appendix S7)
Details of the capping option process and subsequent modelling has been presented in Chapter 3:
Section 3.9.
To ensure that the TSF closure works have been undertaken to design, an audit inspection will be
undertaken once complete. The TSF closure report will be conducted by an independent chartered
professional post-closure to demonstrate that the TSF and associated infrastructure has been
rehabilitated as per the approved TSF closure design and will function as designed for the foreseeable
future.
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14.6.2 MANAGEMENT STRATEGIES
TSF OPERATIONS AND MAINTENANCE MANUAL VERSION 2
This Manual outlines the requirements and methodology for operation, inspection, monitoring and
reporting for the Tailings Storage Facility (TSF).
The Manual presents the procedures to be implemented so that the TSF is operated and developed in
accordance with the objectives of the design, and the associated approvals.
These guidelines may at times refer to procedural requirements, either specific to this tailings storage
facility or a general procedure, such as an emergency procedure. The areas where supplementary
specific procedural information is presented may include, but not be limited to:
•
•
•

Hazard/incident reporting
Emergency response
Environmental management

During the PEPR development phase, the Operations and Maintenance Manual will be reviewed and a
new version developed for approval which will become the primary management strategy for the TSF
as it becomes filled with tailings from the BIH gold ore.
TABLE 14-6 | TAILINGS STORAGE FACILITY MANAGEMENT STRATEGIES
Management Strategies

Impact ID
TSF Operations and Maintenance Manual

Annual TSF audit

TSF decant water can be reduced or removed by RO treatment or advanced evaporation.

Traffic Management Plan (inc. management of the TSF causeway)

Stormwater Management Plan

Groundwater Management Plan

PIE_14_1
PIE_14_2
PIE_14_9
PIE_14_10
PIE_14_11
PIE_14_12
PIE_14_13
PIE_14_14
PIE_14_15
PIE_14_16
PIE_14_17
PIE_14_18
PIE_14_19
PIE_14_20
PIE_14_21
PIE_14_22
PIE_14_23
PIE_14_24
PIE_14_25
PIE_14_26
PIE_14_27

14.7 IMPACT ASSESSMENT
14.7.1 BIH ORE
The results of the geochemical analysis of the BIH ore zone (Table 14-7), indicates that lead is the only
element that occurs at average concentrations above Health based Investigation Levels (HILs) for
commercial and industrial sites as described under Schedule B(1) of the National Environmental
Protection Council (NEPC) Guideline on Investigation Levels for Soil and Groundwater. The HIL for lead
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at commercial or industrial sites is 0.15% lead; the average concentration of lead of the BIH ore is
estimated to be 0.27% lead. Although the lead in Bird-in-Hand ore is elevated, the average lead content
is an order of magnitude less than that of the Angas (Bird-in-Hand 2,700ppm lead versus Angas
33,700ppm lead). No elevated uranium or thorium assays have been recorded at Bird-in-Hand and
petrological studies indicate that there are no asbestiform minerals or minerals that have the potential
to produce respirable silica.
TABLE 14-7 | COMMERCIAL/INDUSTRIAL HILS COMPARED TO BIH MINERALISATION
Bird-in-Hand

Angas Zinc Mine

Commercial/industrial
HIL (mg/kg)

Peak individual
grade peak
(mg/kg)

Average block
model (mg/kg)

Peak individual
grade peak (mg/kg)

Average block
model (mg/kg)

3,000

869

27

89,600

216

500

9

7.83

0.67

300,000

Below detection

40

20

Cadmium

800

228

1,047

283

Chromium

3,000

348

53

Cobalt

4,000

398

104

47

Copper

250,000

15,900

390

10,835

1,900

Lead

1,500

478,000

2,700

363,000

33,700

Manganese

40,000

10,968

13,700

1,973

200

13

16.6

0.19

Nickel

4,000

1,033

117

Selenium

10,000

43

2.6

Zinc

400,000

136,000

Metal
Arsenic
Beryllium
Boron

Mercury

3,100

484,000

76,800

14.7.2 BIH TAILINGS
Investigations were undertaken by AECOM, ATC Williams and Mineralurgy into the potential
interactions between the existing AZM tailings and the introduction of the BIH tailings into the TSF.
The findings of these investigations are included in Appendix M7, I2 and Appendix V2 respectively.
As part of the metallurgical test work for the Project, two composite tailings samples were generated
using drill core material derived from the 2016 resource drilling program. Table 14-8 shows the intervals
selected to produce flotation tailings derived from both the oxidised and sulphide parts of the orebody.
These samples will be reviewed prior to operation when more core is available to produce tailings
samples.
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TABLE 14-8 | CORE INTERVAL SAMPLES USED TO GENERATE SULPHIDE AND OXIDE TAILINGS

The geology and mineralisation of the BIH orebody play an important role in determining the
geochemical characteristics of the new BIH tailings material. The exposure of sulphide minerals, most
commonly pyrite (FeS2), to atmospheric oxygen and water can result in the acid generation. The
oxidation of pyrite is in itself a complex process; however, it can be represented by the following overall
reaction:
𝐹𝑒𝑆2 + 15/4𝑂2 + 7/2𝐻2 → 𝐹𝑒(𝑂𝐻)3 + 2𝑆𝑂42− + 4𝐻+ [1]
As acidic (H+) water migrates through tailings it further reacts with minerals in the tailings, and may
dissolve a range of metals and salts. As a result, acid drainage is characterised by low pH and elevated
dissolved metals. In general, tailings generated from oxide ore material are expected to be non-acid
forming (NAF), whereas, those derived from sulphide ore are potentially acid-forming (PAF) depending
on the inherent amount of carbonate assemblages present (Appendix M7).
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The XRD analyses indicate that the sulphide and oxide BIH tailings consist predominantly of quartz with
minor muscovite, calcite, goethite, pyrite (for sulphide tailings) and trace apatite and chlorite. The
absence of sulphide minerals such as galena (PbS), pyrite (FeS2) and sphalerite ((ZnFe)S) is characteristic
of oxide tailings (Appendix M7).
The NAPP and NAG results are consistent, with both sulphide and oxide tailings having sufficient ANC
that can neutralise all the acid that could be theoretically generated by the sample. The oxide and
sulphide tailings are considered potentially acid consuming (ACM) and NAF, respectively, based on the
geochemical classification system adopted by the Department of Industry, Innovation and Science
(2016) (Appendix M7).
Mineralogy of BiH sulphide and oxide tailings has been included in Table 14-9.
TABLE 14-9 | MINERALOGY OF BIH SULPHIDE AND OXIDE TAILINGS

14.7.3 GEOCHEMICAL MODEL PREDICTIONS
Static geochemical testing indicates that the BIH tailings have moderate to high ANC, with the oxide
tailings containing considerable excess neutralising capacity (Table 14-10). Mass-balance calculations
suggest that the deposition of 456,000 tonnes of BIH tailings into the AZM TSF would result in the
addition of ~31,180 tonnes of equivalent CaCO3 for acid neutralisation (Appendix M7). Updated
production and processing figures since this work was initially undertaken have increased the tails
deposition to 522,000t over the life of the project, providing further capacity for acid neutralisation.
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TABLE 14-10 | ACID GENERATING POTENTIAL OF BIH TAILINGS (APPENDIX M7)

The addition of BIH tailings streams would reduce the NAPP value of the existing tailings in the TSF from
348 kg H2SO4/t to 333 kg H2SO4/t, which represents ~4% reduction in the net acid generating potential.
Therefore, the BIH tailings are expected to have a positive impact on the acid forming characteristic of
the exiting tailings in the AZM TSF (Table 14-11) (Appendix M7).
TABLE 14-11 | ACID GENERATING POTENTIAL OF EXISTING ANGAS TAILINGS (APPENDIX M7)

Based on REACT kinetic-geochemical simulations under the assumptions and conditions of the
modelled systems, the addition of the BIH tailings streams into the existing AZM TSF is expected to:




Improve the TSF pore water in terms of pH, EC, TDS, sulphate, Fe and Mn concentrations, while
recognising that further improvement may be attained in the field considering natural
attenuation processes such as sorption onto particle surfaces (e.g. hydrous ferric oxide).
Form reaction products or secondary minerals that are considered geochemically benign and
are not predicted to have adverse impacts to the existing Angas tailings over time.

The geochemical assessment shows that the deposition of BIH tailings into the TSF will not adversely
impact or increase the geochemical risk profile of the existing tailings, or result in conditions that would
cause degradation of the TSF liner and associated seepage drain systems from a geochemical context.
Rather, the addition of BIH tailings is expected to reduce the net acid generating potential of the exiting
tailings in the TSF and help improve pore water quality (in terms of pH, EC, TDS, sulphate, Fe and Mn
concentrations under the simulated conditions) (Appendix M7).
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Throughout operations, validation of the geochemical modelling of the tailings will occur, in order to
review and update the closure plan (as part of the PEPR).

14.7.4 RHEOLOGY TESTING
A steeper beach slope has been predicted in the location of the decant pond to simulate expected subaqueous conditions in which tailings typically beach at a steeper angle. This steeper slope of 4% was
obtained from bathymetry survey of the tailings beach beneath the existing AZM decant pond
(Appendix I2).
Predicted tailings deposition tonnages per year are provided in Table 14-12. A total of 522,000 tonnes
of tailings, using the adopted in-situ density of 1.5t/m3, equates to a total required storage volume of
348,000 m3 (Appendix I2). The tailings surface at the end of year 5 is shown in Figure 14-4.
TABLE 14-12 | TAILINGS DEPOSITION TONNAGES (APPENDIX I2)
Year

Tonnage of discharged tailings
Discharge Point 1

Discharge Point 2

64,400
40,000
Year 1
64,000
40,000
Year 2
10,000
94,400
Year 3
6,000
95,400
Year 4
0
104,400*
Year 5
144,400
374,200*
Total
*A small amount of tailings will also be deposited from the southern embankment in Year 5 to provide a sufficient capping
layer over the potentially acid forming waste rock.
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FIGURE 14-4 | TAILINGS DEPOSITION YEAR 5
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14.7.5 WATER BALANCE MODEL PREDICTIONS
The water balance model highlighted the requirement for additional return water pumping capacity
compared to that originally used at the Angas Zinc TSF of 500 m3/day. This is largely because of the fact
return water pumping only occurs 11 days each month due to ore processing not being a continuous
operation. Modelling undertaken by ATC Williams on the TSF water balance under significant rainfall
events (Appendix I2) recommends for each operational day, whenever the decant pond is above the
minimum volume of 1,000 m3, pumping will be required at the maximum capacity of 60 m3/hour for up
to 24 hours per day, or until the pond volume is less than 1,000 m3.
Despite a maximum pumping rate of 1440 m3/day (operation at 11 days/month), the decant pond may
occasionally exceed the maximum allowable size of 15,000 m2 during significant rainfall events.
Statistics of the decant pond exceeding this critical level over the entire water balance model based on
110 years of data are presented in Table 14-13.
TABLE 14-13 | ENTIRE WATER BALANCE CRITICAL DECANT POND RESULTS
Number of times
decant pond area
Exceeded 15000 m2

Average number of
days
per
year
decant pond area in
exceedance
of
15000 m2

Maximum number of
days in a single year
decant pond area in
exceedance of 15000
m2

Maximum amount
of days to reduce
decant pond area
below 15000 m2

Average amount of
days to reduce
decant pond area
below 15000 m2

9

0.5

15

15

6

As the decant pond does not exceed 15,000 m2 for a period longer than 15 days, the modelled
configuration is deemed acceptable (Appendix I2). Furthermore, the area for the double liner is 68,000
m2 and the maximum pond area recorded in modelling was 23,400 m2, which provides a substantial
buffer. These results do however highlight the need for a dedicated return water pump throughout the
entire life of the Project capable of operating at maximum capacity (60 m3/hour) 24 hours per day
continuously for the 11 operational days each month to manage modelled water levels (Appendix I2).

14.7.6 EXISTING RISK ASSESSMENT OF TSF DESIGN SPECIFICATIONS
A risk assessment of the AZM TSF was undertaken by TSF experts ATC Williams in 2010 regarding
specific impact events associated with the design, construction and operation of the TSF.
The TSF is designed to meet the site specific “Guidelines for the Management of Tailings at the
Proposed Angas Zinc Project, Strathalbyn, South Australia” as issued by DMITRE (now DEM) in April
2006. This guideline incorporates the draft EPA guidelines for landfill management, as well as ANCOLD
guidelines which include:






ANCOLD “Guidelines on Assessment of Consequences of Dam Failure”;
ANCOLD “Guidelines for Design of Dams for Earthquake”;
ANCOLD “Guidelines on Selection of Acceptable Flood Capacity for Dams”;
ANCOLD “Guidelines for Dam Safety Management”; and
AGS “Landslide Risk Management Concepts and Guidelines”

The ATC Williams report, Appendix V3 sets out the Concept Design for a tailings storage facility for
the Angas Mine, in accordance with the 2006 mining regulator (then PIRSA) guidelines, see
Appendix M10. Undertakings given by Terramin in consultation with the Mining Regulator
regarding tailings storage at the site were that;
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1) a full base geomembrane liner will be used, and
2) a thickened discharge scheme will be adopted.
Key provisions of the PIRSA (now DEM) Guidelines and Terramin undertakings were:
1.
2.
3.
4.

The design should be for zero release of contaminants, for both operation and closure;
The storage will be fully lined with a geomembrane liner;
The tailings disposal system will be based on a risk management approach;
The tailings disposal system will be based on the use of a thickened discharge scheme to limit
the amount of water stored on the tailings;
5. The design should include consideration of closure and rehabilitation as well as operations.

METHODOLOGY
The methodology adopted complies with AS 4360 Risk Management (superseded by AS/NZS ISO
31000:2009) and Standards Australia “Risk Management Guidelines”.
A matrix based approach to the assessment and treatment of risk was adopted.
This risk assessment has been reviewed and updated by AECOM by using Terramin’s current risk
framework, including updated expected impact table, as well as the consequence, likelihood and overall
risk matrix table of a worst case credible impact event. These tables are included in Chapter 6.
The resulting matrix cells for a credible worst case event have been classified low to extreme. The
completed impact assessment is included in Chapter E1.
A detailed description of the risk methodology used for this application is located in Chapter 6.
Risk has been considered in relation to two fundamental failure scenarios:


Discharge (failure to contain) of solids, as a result of:
-



Tailings pipeline failure;
Failure or excess deformation of the embankment (embankment instability and settlement);
Dust emissions;
Overfilling or overtopping of the storage; and
The effects of flood.

Discharge (failure to contain) TSF water, as a result of:
- Tailings or return water pipeline failure;
- Discharge through the spillway;
- Leakage through the liner;

Loss of water could also be possible due to embankment failure or excess deformation, but this is
covered by consideration of loss of solids, and is not dealt with separately for the case of water.
Other impact events considered include seismic impacts, geochemical reactions between the two
tailings produced, potential impacts from construction materials during closure activities and
increased water pressure above the double liner system.
All risks associated with geotechnical failure of the TSF have been included in Chapter 15:
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Geotechnical hazards.
LOSS OF SOLIDS
14.7.6.2.1 PIPELINE FAILURE
The failure of pipelines is not unknown, but the magnitude of the spill is usually limited to the
immediate failure zone and able to be readily remediated. The expected impact is considered
negligible, and a credible worst case includes possible, but of minor consequence. Management
includes instrumentation of the pipeline to indicate rupture, bunding to contain spills where the
pipeline is located on embankment crests and regular inspections. Overall, the risk ranking of
contaminating soil and water from burst pipelines is considered to be low.
14.7.6.2.2 EMBANKMENT FAILURE
This impact is included in Chapter 15: Geotechnical hazards.
14.7.6.2.3 FLOOD
The siting requirements for the TSF are such that damage to the embankment, or erosion of solids
from within the storage, due to flood, are considered to be rare or extremely low to not credible
events. Beyond the completion of the required flood studies, no additional treatment is considered
necessary. See Figure 14-5 which shows the 1:100 year ARI event floodplain relative to the TSF
location.
14.7.6.2.4 DUST
The storage is designed to have a beach, so that under high wind conditions, some dust/wind blown
particle movement is almost certain. The area exposed, and the volumes involved are small. The
initial hazard has been assessed as minor effect, and as such the expected impact is negligible, and
the worst case credible impact event is considered to be low. Management will include dust
monitoring to define conditions where dusting/particle migration is proposed to continue. Dust
suppression sprays will be operated during these conditions.
14.7.6.2.5 OVERFILLING OF STORAGE
Overfilling of the tailings storage could lead to some discharge of solids, but the amount would be
limited due to the solids not being as mobile as liquid, such as water. The severity is expected to be
of Medium consequence if it was to occur. Possible reasons for overfilling include excess tonnage
sent to the TSF, incorrect assessment of tails density and failure to attain the design beach slope.
AECOM (Appendix M7) considered a credible worst case impact of overtopping the TSF is of
moderate consequence to soil and water quality, which is considered possible.
Resultantly, Terramin commissioned TSF experts ATC Williams to further investigate the feasibility
of utilizing the existing TSF for the tailings produced from the processing of BIH ore.
The Preliminary Tailings and Water Management Study report is included in Appendix I2.
Reviewing the results of this preliminary study, the following conclusions can be derived:


The existing Angas TSF has sufficient capacity to safely store the 70,000 m3 of the potentially
acid forming waste rock. This waste rock will be covered with a minimum depth of 0.5m of
the BIH tailings by the final (5th) year of operation. This is expected to limit the oxidation
process and minimize acid generation.



The existing Angas TSF can adequately accommodate the storage of 522,000 tonnes of
tailings from the BIH gold mine which is planned to be processed over a 53 month period.



The addition of the BIH carbonate rich tailings to the Angas TSF is expected to improve the
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acid buffering condition for rehabilitation and closure as the new tailings will provide
reduced acid forming potential compared to the Angas tailings and waste rock.


The results from the preliminary water balance model (included in Appendix I2) can be
summarised as below:
o

The water stored in the TSF decant pond is to be used as the main source of process
water supply to the plant.

o

The raw water supply source will only be required when the decant pond volume is
reduced to less than 1000m3 (1m depth). The raw water source should have a
potential capacity to supply 785m3/day for some of the drier days during the life of
the operation when no return water from the TSF is available.

o

The minimum and maximum values of return water to the process plant from the
TSF will vary between 0m3/day and 785m3/day.

o

Adequate quantity of the TSF water needs to be pumped to the RO plant for
treatment and disposal (i.e. Managed Aquifer Recharge, etc.) of 50m3/day,
whenever the decant pond volume is greater than the 1,000m3 volume (1m depth)
during the life of the project.

o

For the life of the project, the average decant pond size will remain significantly
smaller than the 15,000m2 limit and hence in compliance with the requirement of
the Operation and Maintenance Manual of the TSF (Appendix I3).

o

The maximum decant pond size will occasionally exceed the maximum allowable
size of 15,000 m2 but only for a short period of time which is noticeably shorter than
the allowable design limit of 180 days (Appendix I3) and hence is not expected to
create any design or operational concerns for the TSF.

TABLE 14-14 |SUMMARY OF WATER BALANCE MODEL

The proposed management for the first two risks is primarily directed towards management and
control of the beach, and includes monitoring of slurry rheology, and surveillance of the achieved
beach slope (refer Section 5 of Operation and Maintenance Manual, Appendix I3). Resultantly, while
the consequence of overtopping the TSF remains severe, the likelihood of a credible worst case
event occurring due to the increased information reduces to unlikely.
DISCHARGE OF CONTAMINATED WATER
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14.7.6.3.1 PIPELINE FAILURE
The failure of pipelines is not unknown, but the magnitude of the spill is usually localised and able
to be remediated. The expected impact is considered negligible, and a credible worst case includes
possible, but of minor consequence. It is considered unlikely that water or slurry from a burst pipe
could reach the Angas River owing to the fact the silt retention dam would need to fill and overflow
first, and then water would need to travel over 1km. Treatment includes instrumentation of the
pipeline to indicate rupture, bunding to contain spills where the pipeline is located on embankment
crests and regular inspection and maintenance practices. Overall, the risk ranking of contaminating
soil and water from burst pipelines is considered to be low. It should be noted that the return water
pipeline is to be located on the upstream side of the embankment to keep it within the TSF storage
area.
14.7.6.3.2 DISCHARGES THROUGH THE SPILLWAY
The minimum design criteria of a storage classified as Hazard Category High C, (Appendix I3), is an AEP of
1 in 10,000.
The discharge of water through the spillway (most likely in conjunction with a major storm event) is
considered to be a Minor effect (B). The water balance calculations (remodeled in 2017 in Appendix I2
(Appendix B)) indicate that during normal operations this will be a rare event. Water balance model Runs
3 and 4 present the critical cases. Run 3 contains the single highest daily and the single highest 5-day
rainfall events. Run 4 contains the highest total annual rainfall. The water balance runs show no spillage
to the downstream of the TSF in any of the rainfall scenarios. Details regarding rainfall input data is
located in Appendix I2 (Appendix B).
Under the combined conditions of high rainfall, high initial pond level, and high stored tailings level, discharge
may be conservatively assessed as unlikely. If the contaminated water was released in a credible worst case
impact event, the consequence is considered minor to moderate on soil and water quality.
The proposed treatment includes provision of catchment diversion drains, and monitoring / surveillance of
the water balance and pond level.
14.7.6.3.3 LEAKAGE THROUGH THE LINER
The risk associated with leakage through the liner has been assessed in terms of the effect of major and minor
defects.
Major defects would be items including:




imperfection in seam seals over many metres of length, that are undetected during construction;
major tears or holes (undetected) during construction; and
breakdown of the liner and loss of water holding capacity.

To reduce the potential for impacts associated with basal liner failure, the TSF is designed with a double liner
with a leakage collection system beneath the decant pond, a leakage collection zone behind the liner in the
Main embankment, good installation practice and quality monitoring, plus monitoring to indicate the
presence of leaks and the need for remedial measures. It is considered that these measures reduce the
expected impact to Low. This also reduces a worst case credible impact event of leakage past these systems,
leading to a modified rating of minor – but possible for a small leak over a long time span, and moderate but
unlikely for a large leak over a short time span.
A detailed discussion on “breakdown of the liner and loss of water holding capacity” has been included in
section 14.7.6.10.
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FIGURE 14-5 | 100 YEAR FLOOD PLAIN EXTENT
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IMPACTS ASSOCIATED WITH EARTHQUAKES/SEISMIC ACTIVITY
This impact is included in Chapter 15: Geotechnical hazards.
GEOCHEMICAL REACTIONS BETWEEN EXISTING LEAD/ZINC TAIL AND BIH ORE TAIL
To assess the potential risk of geochemical interactions over time between the existing tailings
contained within the TSF at AZM and those produced by the BIH project, a kinetic-geochemical model
was used to simulate the AZM TSF water - BIH tailings mineral system. Model input parameters are
provided in Appendix M7.
The modelling simulates the oxidation and dissolution of BIH tailings mineral phases due to contact with
existing in-situ pore water in the TSF. The possible transport of soluble reaction products from the TSF
to downstream groundwater receptors is dependent on the migration of contaminated pore water
derived from the leaching of in-situ tailings material and subsequent movement of that contaminated
pore water through the unsaturated zone into the underlying saturated groundwater zone (Appendix
M7).
Resultantly, the expected impact from any reaction is considered negligible, however, a credible worst
case impact event considered the potential impact to soil and/or water quality to be rare, and of minor
to moderate impact.

CAPPING FAILURE EXPOSING TAILINGS DUE TO UNSUITABLE MATERIAL
Capping materials have been tested (Geotechnical Investigation, Appendix M1) and confirmed for the
correct parameters for capping. Successful conceptual capping design has been completed for an
evapotranspiration cap/phytocap as part of the approved ML 6229 Mine Closure Plan (Appendix C of
the 2017 ML 6229 PEPR).
The Conceptual TSF Evapotranspiration Cover (Phytocap) Design is included in Appendix S6.
The expected impact of the proposed TSF cover design materials is negligible, however, in the event of
unsuitable materials, the consequence would be minor, and is unlikely to occur.
IMPACTS TO WATER FROM SEEPAGE DRAIN OVERFLOW
Water quality from the seepage drain system is of better quality than the existing regional groundwater
quality compliance criteria (see Table 14-15). This means that there is no potential impact on the
groundwater system if the seepage drain was to overflow and infiltrate the groundwater system.
TABLE 14-15 | GROUNDWATER QUALITY COMPLIANCE CRITERIA VALUES VS AVERAGE TSF SEEPAGE DRAIN VALUES (20082011)
ID
Compliance Criteria
- Regional
Groundwater wells
Pre-mining
AVERAGE Seepage
drain values (drains
1-5)

pH
Value

Electrical
Conductivity
@ 25°C

8.70

68500

Total
Dissolved
Solids
@180°C
25000

6.9

31527.5

21501
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As
Mg/L

Cd
mg/L

Pb
mg/L

Zn
mg/L

Se
mg/L

Fe
mg/L

No
criteria
exists

0.090

0.010

0.820

4.400

0.130

232.
000

3464

0.008

0.007

0.019

0.838

0.024

0.92
6

SO24-
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TSF WATER QUALITY HARMS NATIVE FAUNA POPULATIONS
No fauna mortalities have been associated with the geochemical properties of the TSF throughout ML
6229 operations. The risk of poisoning animals accessing the TSF is of such low intensity that it could
not reasonably be expected to impact on local fauna populations. Birds are often seen on the TSF
decant pond. No deaths to migratory/native birds have occurred onsite to date and therefore unlikely
to occur (2008-2018), however native bird deaths (if any) will be recorded during the daily visual
inspections of the TSF. Pre-mining fauna surveys undertaken by Natural State in 2006 (included in
Appendix P1) indicated no species of state or commonwealth significance observed in the green field
where the processing plant and TSF were ultimately built. For this reason it is not considered a
credible impact event for these reasons.
More information on fauna and pest populations is located in Chapter 16.
RISK ASSESSMENT OF STORM EVENTS – 2017 UPDATE
Water balance model completed by ATC Williams presents the critical cases (Appendix I2). Run 3
contains the single highest daily and the single highest 5-day rainfall events. Run 4 contains the highest
total annual rainfall. It is important to note that both these runs assumed an operational north-west
runoff diversion bund. This scenario would add an additional 1.5 ha to the catchment area reporting to
the TSF which corresponds to a maximum additional 3,300 m3 of runoff for the 5 day rainfall event in
1941 (Run 3). The water balance runs show no spillage to the downstream of the TSF in any of the
rainfall scenarios.
GROUNDWATER MODELLING – GROUNDWATER RISKS
Water contamination from the TSF has been assessed through the ML 6229 FMEA risk process
(Appendix H9). The likely failure modes were identified as groundwater contamination via infiltration
and surface water contamination via exposure to tailings. The probability, pathway and risk is
associated with failure of the ET Cap/Phytocap (erosion), a failure of the basal liner and/or the
degradation of TSF embankments. The impacts of each failure are assessed through the use of the
water modelling.
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 Appendix M4.
Terramin consider this groundwater modelling to be a conservative reflection of the proposed MPL
activities (addition of the BIH tail), as the BIH tail is less acidic when compared to the AZM tail and of
similar processing characteristics. The impact to the existing AZM tail is considered to be negligible, as
analysed by AECOM in the geochemical assessment (Appendix M7).
The groundwater model includes:




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

The test results quantifying water qualities were used in conjunction with operational long term water
data relating to the TSF collected over the life of the project to model all potential failure scenarios
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identified during the FMEA risk assessment workshops (Appendix H9)). For this reason, the
groundwater modelling figures do not have the proposed MPL boundary on them.
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 and therefore leakage potential). 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 decant pond, rather than water quality values
obtained from the TSF seepage drains over time (TSF seepage water quality has been analysed against
TSF decant water quality in section 6.6.5.1.6 of the ML 6229 Closure Plan (Appendix C of the 2017 ML
6229 PEPR)).
In order to simulate the worst case, the modelling does not take into consideration the ability of soils
to neutralise some acidity and adsorb metals (as was discussed in ARD Management Review of Mine
Materials from the AZM, 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) (Table 14-14).
14.7.6.10.1 2013 MODELLING USING TSF DECANT POND WATER QUALITY
The initial migration of the TSF water plume (during the first 10 years) under the worst case scenario
progresses in a northwest direction, towards the mine void (Figure 14-6). In this area, aquifer
depressurisation from mine dewatering has resulted in the lowering of the water level within the
Tertiary aquifer, creating a temporary groundwater sink.
Once groundwater levels in the mine area have recovered, as can be seen in Figure 14-6, the
contaminant plume starts to migrate in a south to south westerly direction. This is the natural
groundwater flow direction and along with the existing groundwater, disperses the plume across the
southern boundary of the mine lease (Figure 14-6). The 2013 modelling estimated that the mine void
will behave as a groundwater sink for approximately 75 years.
Breakthrough concentration curves are presented for a number of observation points on Figure 14-7.
Of particular importance are model observation points ‘TSF-D’ and ‘Conc Obs S’ (Obs Bore South), which
are located in areas where the plume eventually migrates across the southern boundary of the mine
lease.
In order to measure the plume propagation, Zinc levels were reviewed in the model. In all cases there
was a breakthrough of the Zn plume across the mine lease within ~140 years (160 years for
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intervention) (Figure 14-6). However, by this time the levels were near background (pre-mining) levels.
The remanent plume is modelled to disperse across observation point TSF-D, with the concentrations
of the plume at this location predicted to remain very low (<0.008 mg/l). Slightly higher Zn
concentrations were predicted to occur at observation point ‘Conc Obs S’, which is located on the south
west corner of the mine lease, also labelled “Obs Bore South”.
In summary, the model predicts that, upon evaporation of the remaining TSF water and failure of the
basal liner, there would be eventual break through at the southern lease boundary (within 140 - 160
years) and at the Angas River (within 424 years) at concentrations consistent with baseline conditions,
as demonstrated in Table 14-15.

TABLE 14-16 | TSF BASAL LINER LEAKAGE SCENARIOS

TABLE 14-17 | MAXIMUM PREDICTED ZN FOR MODEL OBSERVATION WELL 'CONCOBSS'
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FIGURE 14-6 | ZN PLUME - TSF LEAKAGE 250MM/YEAR, ZN CONC. = 200MG/L, 6 MONTHS LEAKAGE
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FIGURE 14-7 | PREDICTED [ZN] VERSUS TIME FOR WORST CASE SCENARIO
14.7.6.10.2 UPDATED 2015 MODELLING – DISCHARGE OF CONTAMINATED WATER FROM TSF
In response to the FMEA workshop in September 2015 and associated feedback, Terramin and AGT
devised a number of possible combinations of how post-closure seepage loss or loss of water from the
TSF could occur. They are:
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1)
Leakage occurs through the capping layer, whilst the base liner remains intact. This is the
“bathtub” effect, in which the level of water in the tailings builds up until the tailings are saturated and
seepage to the surface occurs to the surface. Under the combined conditions of cap failure, high rainfall
and re-saturation of tails, discharge to the existing drains may occur. The lowest risk method to maintain
water removal in the long term is to directly connect the seepage drains to the existing designed
evaporation pan and sediment pond at the base of the TSF or to connect the seepage drain to the
Cambrian Fractured Rock aquifer, via injection bore 4. Sealing of the drains could allow for ‘bathtubbing’
to occur, even though this scenario remains extremely unlikely. All scenarios have been modelled by
AGT (Appendix H6). The proposed strategy will be chosen in conjunction with the appropriate
government regulators at a time the TSF cap has or is likely to achieve outcome criteria CC TSF01, after
a detailed review of seepage quality and rates (if any) and prior to the surrender of the ML.
2)
Leakage occurs through the basal liner, whilst the capping layer remains intact. In this instance,
a portion of the water which exists in the tailings as pore-fluid could eventually drain out through the
base defects. After that the tailings would remain in an unsaturated state, with no water flux through
the deposit. This risk was modelled and reported in AGT, 2013 (Appendix H2).
3)
Leakage occurs 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 (Net impact of <40 mg/L SO42-, Figure 14-10)
4)
Overtopping due to storm rainfall. The spillway after closure is designed for a probably
maximum precipitation (PMP) event in the extremely rare likelihood that this could occur. The
discharge of pooled water through the spillway (most likely in conjunction with a major storm event)
following significant disruption to the TSF cover was considered to be a minor effect. The existing water
balance model developed for mine operations indicate that during normal operations this will be an
extremely rare event. Under the combined conditions of high rainfall, high initial pond level, and high
stored tailings level, discharge may be conservatively assessed as possible. In order to prevent any
detrimental impact to the embankments of the rehabilitated TSF, the design includes the provision of
catchment diversion drains and overflows towards the sedimentation and evaporation dam on the
southwestern corner of the TSF. The existing drains from the spillway have been formed and lined with
limestone rock armouring to slow water flow, precipitate sediment and prevent erosion.
14.7.6.10.3 DISCUSSION AND RESULTS OF UPDATED 2015 MODELLING
Water balance calculations indicate that the likelihood of the “bath-tub” effect and discharge through
the spillway due to storm rainfall will be extremely rare. TSF water balance calculations were based on
the wettest and average rainfall years of 930 mm and 405 mm respectively. Under average rainfall
conditions the TSF remained in deficit (i.e. outputs from Evaporation (E) > inputs from Precipitation (P))
for nine months of the year.
The “bath-tub” effect is unlikely to occur with a functional cap in place. Based on a vertical leakage rate
of 0.3 mm/y through the cap, the TSF is estimated to take > 4,000 years to “bath-tub”, assuming the
TSF remains a closed system.
The “bath-tub” effect would require the complete failure (removal) of the cap. Under this scenario, it
is reasonable to assume that a conservative leakage rate to the TSF drains from complete failure of the
cap can be based on the preceding two years of post-mine operation TSF drain monitoring data (0.03
L/s or 1,050 m3/y) (as this period represents real data from no cap in place).
The discharge of water through the spillway can only occur following significant disruption of the TSF
cap and high initial pond level— it is extremely rare that an overtopping could occur where the pond
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level is less than the spill elevation of 68 m RL. The freeboard requirements were calculated for a 1:1000
year rainfall event and over topping could only occur if the existing level in the TSF was above 67.5m
RL.
The groundwater quality impacts from the TSF contamination scenarios outlined above are presented
in the following figures. A source SO42- concentration of 3,670 mg/L (see Attachment B Appendix M4)
was applied to each scenario. Figures located on following pages.






Figure 14-8 shows the groundwater quality impact from collection of water via the seepage
drains (0.03 L/s/1,050 m3/y) and the reinjection of this water into the Cambrian FR aquifer, via
injection bore 4.
Figure 14-9 shows the groundwater quality impact to the Tertiary aquifer due to discharge of
water through the TSF spill-way and seepage into the sediment dam towards the water table
at a rate of 20,020 m3/y.
Figure 14-10 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, Appendix
H2, but with an updated source term for SO42- and an ongoing long term leakage rate of 0.3
mm/y.
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FIGURE 14-8 | SO42- MIGRATION – INJECTION OF TSF DRAIN WATER INTO THE CAMBRIAN FRACTURED ROCK AQUIFER
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FIGURE 14-9 | SO42- MIGRATION – LEAKAGE OF TSF OVERFLOW WATER INTO THE TERTIARY AQUIFER
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FIGURE 14-10 | SO42- PLUME MIGRATION – COMPLETE DRAINAGE OF THE TSF WATER DUE TO FAILURE OF THE HDPE
LINER
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14.8 PROPOSED OUTCOME(S) AND MEASUREMENT CRITERIA
In accordance with the methodology presented in Chapter 4, an outcome has been developed for
geochemistry impact events with a confirmed linked between source, pathway and receptor (see
Table 14-3).
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).
Geochemistry and geotechnical engineering related outcomes and criteria are presented in Table
14-16. Outcomes for the entire project are presented in Appendix D1.
TABLE 14-18 | PROPOSED OUTCOMES AND MEASUREMENT CRITERIA
Proposed Outcome

Proposed Measurement Criteria

Proposed Leading Indicator Criteria

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

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.

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).

Standing Water Levels (SWL) will be
monitored monthly as per AS/NZS
5667.1:1998 standards at groundwater
monitoring bores TSF A, B, C and D (Figure
11-5) 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.
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.

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.
Six embankment monitoring bores (MB1
to MB6) located on the TSF main
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.

Post mine completion all
mining operations left in a
stable, non-polluting state
indefinitely

An independent and suitably qualified expert
(to the Mining Regulator’s satisfaction) will
verify in a report once after completion of
construction works that the TSF landform has
been constructed to design.

None proposed.

Post mine completion all
mining operations left in a
stable, non-polluting state
indefinitely

Final binding agreement with the relevant SA
Government entity (to the Minister’s
satisfaction) which may be registerable or
noted on the relevant title(s) to protect the
TSF and a 10m buffer from development as
per ML 6229 Lease Condition 69. Final draft

None proposed.
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Proposed Outcome

Proposed Measurement Criteria

Proposed Leading Indicator Criteria

to be completed prior to surrender of lease
(Appendix S15).

14.9 FINDINGS AND CONCLUSIONS
Overall, while the TSF presents a higher risk profile than other aspects of the proposed MPL, the
design, operation and proposed closure design of the TSF has been reduced to as low as is reasonably
practical.
Sound design and a high degree of management controls in place to reduce or remove potential
impacts to water, air quality, soil and the local community have reduced impacts to an acceptable
level of risk.
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