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13 SOIL AND LAND QUALITY
In August 2005, Tonkin Consulting were commissioned by Terramin Australia Limited to undertake a
baseline contamination study of the site of the proposed ML 6229 (Appendix L1).
As part of the overall investigation, systematic and targeted surface soil and stream sediment sampling
was carried out in the vicinity of the ore body and in other key locations. The purpose of this assessment
was to determine background levels of potential contaminants and basic chemical properties for soils
within vicinity of the proposed mining and treatment activities prior to ML 6229. The findings were
compiled in a baseline contamination study for future reference and included in Appendix L1.
This chapter describes the existing soil environment prior to ML 6229 and any potential impacting
events proposed within the MPL activities; the proposed control measures to prevent or reduce the
potential for impacts on soil quality; and risks to post closure land use which relate to existing (prior to
ML 6229) site contamination.
The site contamination assessment undertaken by Tonkin pre-ML 6229 is considered the most
representative of pre-mining activities and thus pre-MPL activities. For this reason, the Tonkin maps do
not have the proposed MPL boundary shown on them.

13.1 APPLICABLE LEGISLATION AND STANDARDS
The Environment Protection Act 1993 (together with the Environment Protection Regulations 2009) is
the key legislation relevant to soil and land quality at the Angas Processing Facility (APF) site. The
Regulations outline activities that have the potential to result in site contamination. The Mining Act
1971 (Mining Act) also provides a legislative framework which seeks to ensure that mining operations
manage environmental impacts and risks as far as reasonably practicable through the establishment of
a Program for Environment Protection and Rehabilitation (PEPR). The PEPR sets out environmental
outcomes which are expected to occur as a result of the mining operations and specific criteria to
measure the environmental outcomes.
Additional legislation relevant to soil and land quality is as follows:
•
•
•

Natural Resource Management Act 2004 (SA)
Development Act 1993 (SA)
Explosives Act 1936 (SA)

Further information regarding the requirements and relevance of the legislation is provided in Chapter
4: Statutory Framework. Specifically, the following standards provide a range of criteria relevant to land
quality:
•
•
•
•
•
•

National Environment Protection (Assessment of Site Contamination) Measure 1999
Site contamination – acid sulfate soil materials (EPA 2007a)
Bunding and spill management guideline (EPA 2007b)
AS 1940-2004: The storage and handling of flammable and combustible liquids
AS 1692-2006: Steel tanks for flammable and combustible liquids
AS 2187.2-2006: Explosives: Storage and use – Use of explosives

The National Environment Protection Council’s (1999) National Environment Protection (Assessment
of Site Contamination) Measure 1999 (NEPM) is established to provide a nationally consistent approach
to identifying and managing site contamination. The NEPM includes the Guideline on Investigation
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Levels for Soil and Groundwater and refers to three different types of investigation levels: Ecologicallybased Investigation Levels (EILs), Health-based Investigation Levels (HILs) and Groundwater
Investigation Levels (GILs) which provide criteria (concentrations of contaminants) to guide the
assessment of risks to human health and the environment. This approach ensures sound environmental
management practices are adopted by all stakeholders when managing site contamination.
Health Investigation Levels are classified in the following ways in section 2.2. of Schedule B (1) of the
Guideline on Investigation Levels for Soil and Groundwater –
HIL A

Standard residential with garden/accessible soil (home grown produce <10% fruit and
vegetable intake, (no poultry), includes children’s day care centres, preschools and primary
schools.

HIL B

Residential with minimal opportunities for soil access, includes dwellings with fully and
permanently paved yard space such as high-rise buildings and flats.

HIL C

Includes developed open space such as parks, playgrounds, playing fields (e.g. ovals), secondary
schools and footpaths. Does not include undeveloped public open space which should be
subject to a site-specific assessment where appropriate.

HIL D

Commercial/industrial includes premises such as shops, offices, factories and industrial sites.

The EPA guidelines relating to bunding and spill management provide a framework for the storage and
handling of chemicals and hazardous materials. Similarly, the acid sulphate soil (ASS) materials
guidelines outline measures for the identification of ASS materials and practices for the management
of such materials should they be encountered. The measures outlined in each of the guidelines will be
incorporated into the design and control measures utilised during construction/refurbishment,
operation or closure of the site.
The nominated Australian standards each specify specific design criteria that will be incorporated into
the design of the mine site to protect the key environmental and stakeholder values relevant to land
quality.
The closure criteria agreed in the 2017 approved PEPR with incorporated Mine Closure Plan states that
prior to surrender of the ML (and resultantly the MPL), a suitably qualified site contamination
consultant will be engaged to undertake site contamination assessment and advise remediation
strategies. This will be undertaken in accordance with the NEPM and relevant EPA guidelines to ensure
there is no unacceptable risk to human health or the environment as a result of the contamination
when compared with relevant baseline concentrations and relevant NEPM investigation levels. The
location and extent of the assessment and remediation will informed through assessment in
accordance with the NEPM and EPA guidelines.

13.2 ASSESSMENT METHOD
The objective of the investigation was to enable future assessment of the potential impacts of mining
and ore treatment activities on the contamination status of soil.

13.2.1 SAMPLING METHODOLOGY
The sampling methodology followed standard Tonkin Consulting protocols which are based on the
following documents:
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•
•

National Environment Protection Council (NEPC), 1999: National Environment Protection
(Assessment of Site Contamination) Measure.
Standards Australia AS 4482.1, 1997: Guide to the investigation and sampling of potentially
contaminated soils. Part 1 – Non-volatile and semivolatile substances.

Each sample was taken using a shovel and collected by hand with fresh nitrile gloves, taking care to
minimise cross-contamination by only including freshly broken soil material. Samples were collected to
represent the interval from surface to 0.2 metre depth, or to refusal, whichever was less. The samples
were placed in appropriate sample jars supplied by the laboratory and stored under chilled conditions
until delivery to the laboratory for analysis. Standard Tonkin QA / QC procedures were applied, including
the collection of duplicate samples and the evaluation of laboratory quality controls. Details of the QA
/ QC program are provided in Appendix L1.

13.2.2 SAMPLING RATIONALE
The soil grid was designed with a nominal spacing of 200 metres between sampling points, extending
over the area to be occupied by the proposed plant and mine facilities, as well as potentially affected
properties along the surface extent of the ore body. In addition, targeted sampling points were selected
adjacent to nearby houses, at known rock outcrop locations, and also along drainage lines including the
Swamp and Burnside Creek. The locations of sampling points are shown below on Figure 13-3.

13.3 EXISTING ENVIRONMENT
This section describes the existing environment in regards to baseline soil characteristics, soil quality
and a geochemical analysis of soils and ore to be stored on the ROM pad from BIH.
There are no proposed exploration works proposed as part of this MPL.

13.3.1 OVERVIEW
In the central MPL area, calcareous soils were observed to occur over calcrete, while sandy loams occur
on the hill slopes where calcrete is not present. In the South Domain, soils were generally clayey loam
and sandy clay loam.
In the northern section of ML 6229 (STEDS lagoon area), which is located outside of the MPL area, the
general pattern observed was sandy loam over clay over basement to the northwest of the STEDS
lagoons, clayey loam over basement to the north and clay over basement to the south.
At the localities investigated, soil depth varied between 0.05 and 0.5m. Organic matter in the A horizon
(topsoil layer) was generally sparse in the southern and central sectors, but plant roots and other
organic matter was common to abundant in the North Domain.
In the northern catchment (Burnside Creek) (Figure 13-2), soils are alluvial and shallow (less than 40cm
to basement rock). In the southern catchment (Angas Creek) (Figure 13-2) the dominant soils are yellow
duplex soils that have a yellow clay B horizon (subsoil layer). These soils are associated with old tertiary
plateaux and deposits.
The soils for this catchment range from less than a few cm deep on the ridge to a moderate (33cm –
60cm) depth in the valleys.
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Terramin commissioned Tonkin Consulting (Tonkin) to undertake a maximum 200m by 200m grid soil
sampling of ML 6229 and surrounding area in 2005, prior to any mining activities and therefore prior to
the MPL proposal (see Appendix L1)
Soil sampling included a total of 32 grid-based points, 8 targeted house-location points, plus 6 targeted
outcrop points, whilst stream sediment was collected at 7 targeted points, as per the sampling rationale
in Appendix L1. Locations of samples are shown in Figure 13-3.
All sites were sampled except one planned soil sampling point (SG3), where the landholder denied
access. Instead, one additional sediment sampling point was included in the program, therefore the
total number of analyses performed were 53, as planned.
The investigation found essentially 3 types of soil present in the area of the mine and MPL site:
•
•
•

Shallow to intermediate depth silt-dominated soils developed on Cambrian metasediments.
Shallow silt-dominated soils developed on Tertiary limestone.
Deeper silt-dominated soils developed on Quaternary alluvial and colluvial deposits. Stream
sediments were found to consist of clays, silts and sandy silts at the sampled locations. The
results of the soils sampling program are summarised in Appendix L1.

DEWNR soil grouping from Nature Maps has been included below in Figure 13-1 and confirms the
above.
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FIGURE 13-1 | SOILS MAP OVER MINING LEASE (NATURE MAPS, 2018)
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FIGURE 13-2 | CATCHMENTS INFLUENCING LEASE

Angas Processing Facility | 2019/0826

13-10

Angas Processing Facility
Miscellaneous Purposes License

Proposed MPL Boundary

FIGURE 13-3 | SOIL SAMPLING LOCATIONS (2005) – WORK UNDERTAKEN PRIOR TO ML 6229 (APPENDIX L1)
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13.3.2

REGIONAL SOIL CHARACTERISTICS

Thorough metals analysis of regional soil was undertaken pre-mining in 2005 by Tonkin Consulting and
during operation in 2009 by Terramin geologists.
The AZM soil contamination baseline study undertaken by Tonkin in 2005 (Appendix L1) showed
elevated metal levels at 23 sampling points of 58 in the region. Upon analysis of the report’s lead
occurrences map, frequent instances of elevated lead levels can be observed, north of the STEDS pond
area, which is north of ML 6229 (Figure 13-4). The analysis undertaken by Terramin in 2009 was more
comprehensive, however, similar results obtained, shown by purple and red symbols, when compared
to 2005 levels (Figure 13-5).
Figure 13-6 presents soil samples and lead data for the Strathalbyn regional area from Terramin’s
exploration database, which has previously been reported to DEM through exploration tenement
reporting requirements (EL 4936).
Monitoring for lead deposition through dust sampling will continue through the MPL and investigations
will be undertaken if there are results which are uncharacteristic for the site considering the activities
being undertaken at the time.
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FIGURE 13-4 | RESULTS OF BASELINE SOIL INVESTIGATION UNDERTAKEN BY TONKIN IN 2005
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FIGURE 13-5 | RESULTS OF BASELINE SOIL INVESTIGATION UNDERTAKEN BY TERRAMIN (2006)
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FIGURE 13-6 | STRATHALBYN REGIONAL LEAD IN SOILS
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13.3.3 EXISTING SITE CONTAMINATION
A total of 53 locations were sampled and analysed for a range of potential chemicals of concern during
the 2005 Soil Contamination Baseline Study (Appendix L1). Table 13-1 provides a synopsis of the
analytical results.
TABLE 13-1 | BASELINE SURVEY SOIL RESULTS COMPARED TO NEPM RECREATIONAL AND INDUSTRIAL HILS
Analyte

Min
Concentration
(mg/kg)

Max
Concentration
(mg/kg)

NEPM Health
Investigation
Levels for
recreational
land use
(HILC), mg/kg

Number of
Exceedances
of HILC

NEPM health
investigation
levels for
industrial land
use (HILD),
mg/kg

Number of
Exceedances
of HIL D

Arsenic

5

375

300

1

3000

0

Cadmium

1

2

90

0

900

0

Copper

6

191

17,000

0

240,000

0

Lead

6

6030

600

7

1,500

5

Manganese

43

799

19,000

0

60,000

0

Mercury

<0.1

<0.1

80

0

730

0

Nickel

2

34

1,200

0

6,000

0

Zinc

6

485

30,000

0

400,000

0

The National Environment Protection (Assessment of Site Contamination) Measure (NEPM) 1999 which
was used in the Soil Contamination Baseline Report was amended in April 2013. The NEPM health
investigations levels documented in Table 13-1 reflect the amended guidelines.
The above table indicates one exceedance over the NEPM health investigation levels for recreational
land use (HIL C) for arsenic and a number of exceedances over both the HIL C and health limit
investigations levels for industrial land use (HIL D) for lead. The lead exceedances were found in close
proximity to the surface extension of the ore body outside of the MPL area (to the north).
The study also found the following with regard to soils sampled at six locations, currently used for
agricultural purposes in the vicinity of the proposed mine site and MPL area:



Total organic carbon levels varied considerably from very low to very high;
Total exchangeable cation levels varied considerably from very low to high, and were
dominated by calcium, with moderate levels of potassium and magnesium, and relatively low
levels of sodium.

The reason for this variability is due to natural variability in soil and site characteristics.
13.3.3.1 OPERATIONAL ZONE
The operational zone within the proposed MPL includes the existing “dirty zone” (operational zone)
from ML 6229. During operation of ML 6229, Terramin’s management process set out procedures to
limit the impact waste products and hazardous materials could have on the site by implementing a
clean (non-operational) and dirty (operational) zone and stringent waste management policy and
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plan. The site design through operations and care and maintenance also ensured all run-off in the
dirty zone (operational zone) reported to the boxcut to reduce the risk of surface water
contamination emanating from potentially contaminated materials. The dirty zone (operational zone)
from ML 6229 has been illustrated below in Figure 13-7.

FIGURE 13-7 | DIRTY (OPERATIONAL) AND CLEAN (NON-OPERATIONAL) ZONES THROUGH ML 6229
The following is taken from Appendix C: Mine Closure Plan, of the 2017 approved PEPR for ML 6229.
The report and certificates of analysis can be read in their entirety in Appendix L3.
The FMEA risk assessment identified the risk associated with contaminated soils remaining postclosure and the potential to lead to rehabilitation failure (failure mode ID Central & all domains 9a, b
& c). Associated risks also have the potential to impact ground and surface water condition, dust
generation causing nuisance and health impacts, and/or the end land use not being achievable. The
end land use for ML 6229 is dependent upon the domain; in summary the northern domain is council
use and agricultural, central domain light industry (processing plant area, workshop office area) and
open woodland (boxcut area), southern domain is biodiversity (TSF) and buffer is woodland and
agriculture/light industrial.
In order to mitigate the risk of contaminated soils through the care and maintenance phase, Terramin
undertook a desktop study of existing information and preliminary soil test work obtained over the
operational and care and maintenance phase and compared the obtained onsite sample results
against a nearby control site located outside the ML. Samples were obtained from the locations below
in Figure 13-8.
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The pre operational results have identified that the majority of the parameters were within NEPM
(1999) criteria, with the exception of lead, where 5 of the 58 samples taken in the baseline study
undertaken pre-mining in 2005 returned returns above the NEPM HILD guideline of 1500mg/kg. In
2013 Sampling undertaken in the ‘dirty zone’ (ROM pad, graveyard and east of the mill) returned
values which were comparable to a control site located outside of the Mining Lease, in a pasture
paddock to the east.
When compared to the control site samples almost all parameters are within the naturally occurring
background levels, with the exception of 3 exceedances of background levels of the 4 sites and 126
individual parameters that were tested (2.4%) These exceedances were:
- East of Mill, arsenic, 390mg/kg tested / 375mg/kg baseline maximum;
- ROM Pad, zinc, 614mg/kg tested / 401mg/kg baseline maximum; and
- Graveyard, arsenic, 378mg/kg tested / 375mg/kg baseline maximum.
Given these results and the ongoing strategies in place (largely the stormwater design of the central
domain) there is limited risk of surface water contamination emanating from potentially
contaminated soils during the Care and Maintenance phase.

FIGURE 13-8 | LOCATION OF SOIL CONTAMINATION SAMPLING

13.3.3.2 EXISTING DRILLHOLE REHABILITATION
Decommissioning of all exploration drillholes has occurred progressively throughout the entire site.
While the vast majority of drillholes have been rehabilitated, a number of drillholes have been partially
rehabilitated to allow for future Down Hole Electromagnetic (DHEM) surveying. These drillholes have
been capped and have 40mm PVC inserted inside for potential use during the Care and Maintenance
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phase. A summary of the drill sites which have been rehabilitated, partially rehabilitated or left open is
located in Appendix M2. Rehabilitation of the partially or non-rehabilitated drillholes will be undertaken
as per the Mineral Exploration Drillholes, General specifications for construction and backfilling
(Government of South Australia, Department of State Development, July 2012) during the
rehabilitation/earthworks phase of closure. As of January 2018, 34 drillholes remain to be rehabilitated
within ML 6229 (and resultantly the MPL).

13.3.4 GEOCHEMICAL ANALYSIS OF SOILS
A base line survey undertaken by Environmental Geochemistry International Pty Ltd (EGI) on June 2006,
titled ‘Preliminary ARD Assessment of Strathalbyn Zinc project’ (Appendix M2).
This survey identified the weathering profile at the AZM Mining Lease to be relatively shallow. Oxidation
extends to a depth of about 25 m where the land surface is underlain by Kanmantoo Group rocks, and
also to 25 m below the Tertiary unconformity. The Tertiary sediments can be up to 40 m thick. Only a
very small portion (~2.2%) of the pre-mining Angas mineral resource was oxidised.
Drillhole AN117, shown below in Figure 13-11, was drilled to analyse the main potential Acid Rock
Drainage (ARD) issues associated with the development of the project. Plots obtained from the EGI
report (Appendix M2), which analyses AN117, demonstrate that all Tertiary samples are Net Acid
Producing Potential (NAPP) negative with an Acid Neutralising Capacity/Maximum Potential Acidity
(ANC/MPA) ratio in excess of 1.5.
Net Acid Generation (NAG) test results are used in conjunction with NAPP values to classify samples
according to acid forming potential. A NAG pH <4.5 indicates the sample is acid producing. As shown in
Figure 13-9, all Tertiary samples returned values well above 4.5pH.
A sample is classified Potentially Acid Forming (PAF) when it has a positive NAPP and NAGpH < 4.5, and
Non-Acid Forming (NAF) when it has a negative NAPP and NAGpH ≥ 4.5. Samples are classified uncertain
(UC) when there is an apparent conflict between the NAPP and NAG results, i.e. when the NAPP is
positive and NAGpH ≥ 4.5, or when the NAPP is negative and NAGpH < 4.5.
Figure 13-10 is an ARD classification plot from EGI showing NAGpH versus NAPP value. This displays all
tertiary samples in the Non Acid Forming area.
The MPL is only concerned with the tertiary layer, as no underground mining is proposed as part of this
application.
All tertiary samples returned results which are non-acid forming (NAF).
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FIGURE 13-9 | GEOCHEMICAL CLASSIFICATION BOXPLOT SHOWING NAGPH VALUES OBTAINED AND THE ROCK UNIT.
(APPENDIX M2)
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FIGURE 13-10 | GEOCHEMICAL CLASSIFICATION PLOT SHOWING NAGPH VERSUS NAPP (APPENDIX M2)
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FIGURE 13-11 | DRILLHOLE AN117
Blue - limestone, yellow - sand, brown - saprolite clay, orebody - purple
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FIGURE 13-12 | AZM TERTIARY SEDIMENTS GEOLOGY
Blue - limestone, yellow - sand, brown - saprolite clay, orebody - purple

13.3.5 GEOCHEMICAL ASSESSMENT OF ORE MATERIAL
The results of the geochemical analysis of the BIH ore zone, indicates that lead (Pb) 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 (Table 13-2).
The HIL for Pb at commercial or industrial sites is 0.15% lead; the average concentration of Pb of the
BIH ore is estimated to be 0.27% Pb.
TABLE 13-2 | COMMERCIAL/INDUSTRIAL HILS (HIL D) COMPARED TO BIH MINERALISATION
Metal

Commercial/industrial HIL D
(mg/kg)

Arsenic
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Nickel
Selenium
Zinc

3,000
500
300,000
800
3,000
4,000
250,000
1,500
40,000
200
4,000
10,000
400,000

Peak individual grade peak
(mg/kg)
869
9
Below detection
228
348
398
15,900
478,000
10,968
13
1,033
43
136,000

Average block model (mg/kg)
27

390
2,700

3,100

13.4 SENSITIVE RECEPTORS
Soil quality, and any future land uses that depend on soil quality, in itself becomes the sensitive
receptor when discussing potentially impacting events in this chapter shown in Table 13-3.
Sensitive receptors which are related to soil quality, however, primarily regarding other aspects, such
as surface water, or ecological values, have been discussed in the relevant chapters listed below.
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•
•
•
•
•

Public safety, Chapter 8
Groundwater, Chapter 11
Surface water, Chapter 12
Air quality, Chapter 16
Vegetation and weeds, Chapter 19

TABLE 13-3 | SENSITIVE RECEPTORS FOR SOIL AND LAND QUALITY
Sensitive Receptor

Summary

Impact ID

Soil quality
Soil quality (with indirect impacts to
groundwater quality)

Soil quality within proposed MPL area
Soil quality within proposed MPL area post
closure, which has the potential to
contaminate groundwater
Soil quality within proposed MPL area post
closure, which has potential to impact future
land use
Soil quality impacts to the establishment and
health of vegetation

PIE_13_5
PIE_13_1

Native fauna may be struck and killed by
onsite vehicles, outcompeted by pest species
for habitat and food resources, preyed upon
by pest animals, or poisoned by
bioaccumulation of the TSF water. Fatalities
may lead to impacts on the local native fauna
population.
Existing landfills in the local Alexandrina
Council community

PIE_13_7

Soil quality (with impacts to future land
use)
Soil quality (with impacts to the health
and establishment of vegetation)
Native fauna populations

Existing landfill/Local community

PIE_13_2
PIE_13_6
PIE_13_3
PIE_13_4

PIE_13_8

13.5 POTENTIALLY IMPACTING EVENTS
Potentially impacting events identified through the risk assessment process are included below in
Table 13-4.
Soil quality is primarily affected through manufactured contaminants. Contaminants could include
potentially acid forming material on surface, as well as hazardous materials including hydrocarbons.
The primary pathway is surface water run-off resulting in the mobilisation (infiltration/suspension) of
spilled contaminants into the soil matrix.
The detailed impact assessment is included in Appendix E1.
TABLE 13-4 | POTENTIALLY IMPACTING EVENTS FOR SOIL AND LAND QUALITY
Potentially
Impacting
Events
Onsite storage
and handling of
waste and
hazardous
materials has
the potential to
spill and impact
on soil quality.
Gold ore on
ROM pad

Impact ID

Sensitive
Receptors

Confirmation
of S-P-R

Mobilisation
(infiltration/suspension)
of spilled contaminants

Soil quality
(with indirect
impacts on
groundwater
quality)

Yes

PIE_13_1

Stormwater run off

Soil quality
(with impacts

Yes

PIE_13_2

Source

Potential Pathway

Onsite storage
and handling of
waste and
hazardous
materials

Gold ore
stockpiles

Angas Processing Facility | 2019/0826

13-24

Angas Processing Facility
Miscellaneous Purposes License

impacts soil
quality, resulting
in failure of post
closure land use
(sulphide hosted
ore)
Inadequate
removal of
contaminated
soils through
closure leads to
impacts on soil
quality, and
hinders
successful
rehabilitation
MPL activities
contaminate
topsoil to be
used during
rehabilitation
leads to impacts
on soil quality,
and hinders
successful
rehabilitation

to future land
use)

MPL activities

Contaminated soil
ingress

Soil quality
(with impacts
to the health
and
establishment
of vegetation)

Yes

PIE_13_3

MPL activities

Contaminated soil
ingress

Soil quality
(with impacts
to the health
and
establishment
of vegetation)

Yes

PIE_13_4

Flood event
results in
contaminated
surface water
impacting soil
quality through
operations
Flood event
results in
contaminated
surface water
impacting soil
quality post
closure
Bioaccumulation
of heavy metals
by plants in the
operational zone
impacts native
fauna

MPL activities

Contaminated soil
ingress

Soil quality

Yes

PIE_13_5

MPL activities

Contaminated soil
ingress

Soil quality
(with impacts
to future land
use)

Yes

PIE_13_6

Contaminated
soils

Bioaccumulation

Native fauna
populations

PIE_13_7

Increased waste
stream volumes
affecting the
ongoing
operation of
existing waste
management
facilities (e.g.

Waste
generated from
mining activities

Increased waste
volume to landfill

Existing landfill

No, no plants
located in
operational
zone which have
the potential to
bioacculumate
and impact
fauna. See
Vegetation
maps in Chapter
19: Vegetation
and Weeds.
No, Existing
capacity of the
licenced Waste
disposal facility
on site is still
sufficient to take
the low volume
of waste from
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Alexandrina
Council)

the proposed
mining activities.
EPA landfill
licence 34942.

13.6 CONTROL MEASURES TO PROTECT SOIL AND LAND QUALITY
13.6.1 OPERATIONS
The site has been divided into operational and non-operational zones to limit potentially
contaminating activities to specific areas of the MPL. These areas were previously part of the existing
ML 6229 “dirty zone” (operational zone) described above in section 13.3.3.1. The operational zone
has controlled -stormwater run=off zones which are described in detail in Chapter 12: Surface Water.
Significantly, the operational zone drains entirely towards the process pond drains to enter the water
treatment and processing water circuit, or towards the boxcut, where it is intercepted by a sump and
pump system. The operational and non-operational zones are shown below in Figure 13-13.
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FIGURE 13-13 | OPERATIONAL AND NON-OPERATIONAL ZONES
Angas Processing Facility | 2019/0826

13-27

Angas Processing Facility
Miscellaneous Purposes License

13.6.1.1 ORE
Ore will be hauled to the site via road trucks (GAV type dog and truck combinations) and stored on
the existing ROM pad adjacent to the boxcut entrance and the processing plant. The ROM pad has a
nominal stockpile capacity of 10,000 tonnes. The ROM pad is located in the operational zone and is
approximately 13,000m2, constructed as a lined pad and designed so all drainage from it runs into the
ROM sump located on the southern side of the area. The ROM pad has been designed at a low
elevation utilising the natural valley to facilitate low visual and noise impact on the environment.
A nominal slope angle of 30% (approximately 1V:3.5H) has been applied in order to manage potential
erosion issues during the periods between processing campaigns.
In addition to the ROM pad, the coarse ore bin (COB) has a nominal capacity of 1,000t, giving the total
stock pile volume of around 11,000t, in addition to the 2,000t storage at the BIH site.
Dust suppression for the ROM pad will involve a series of water sprays, with water sourced from
storm water collection on site, or supplemented from existing supply bores if required – outlined in
the site water balance in Chapter 3.
13.6.1.2 CONCENTRATE
Concentrate is stored in a shed specifically built for storage and handling of concentrate. The
concentrate shed floor is constructed of concrete and provides for fully contained loading of
concentrate into the B-double Road Trains, significantly reducing, if not removing the potential for
airborne concentrate emissions.
The gold concentrate will be transported off site via road to delivery points for the purchasers of the
product.
13.6.1.2.1 AIR-BORNE DUST
With any movement and transfer of material, there is the potential to generate airborne dust. With
the ROM system being covered at the tipping points to meet noise limits for the site, the dust
generating points would already be contained and dust control systems can be installed. The details
for the design of these systems will be completed with the design of the ROM system, to be included
in the PEPR, however typical methods include


dust suppression water sprays - When properly designed and installed, water sprays are a
cost-effective method of controlling dust from conveyors; or



dust extraction system - whether simple or complex, have in common the use of hoods,
ductwork, and an air cleaning and collection device that leads to the exhaust fan such as
shown in Figure 13-14.

Further details on general site dust control (Air Quality) are discussed in Chapter 16 and Appendix N3.

Angas Processing Facility | 2019/0826

13-28

Angas Processing Facility
Miscellaneous Purposes License

FIGURE 13-14 | A BASIC DEPICTION OF A SIMPLE EXHAUST SYSTEM WITH THE MAJOR COMPONENTS BEING THE HOOD,
DUCT, AIR CLEANING DEVICE AND FAN (CECALA, ET AL., 2012)

13.6.1.3 TOPSOIL
During construction of AZM, approximately 25,000m3 of topsoil was removed (predominately from the
TSF footprint) and stockpiled to a height of 2.5m, south-east of the TSF – shown below in Figure 13-15.
Subsoil is not stockpiled on site as sufficient quantities of subsoil material will be obtained from
reshaping of the site during rehabilitation.
The topsoil stockpiles are monitored to ensure erosion is appropriately controlled to maintain the
quantity of the topsoil for use throughout rehabilitation. The stockpile is chemically analysed annually
for a range of analytes including As, Cd, Cu, Pb, Mn, Hg, Ni, Zn, pH, EC, and exchangeable cations Na,
Mg, and Ca to ensure soil quality is sustained. Any results higher than the topsoil baseline maximum
(Appendix L1) for any analyte will be investigated and appropriate actions taken. Seed vigour will not
be monitored in soil stockpiles, as Terramin considers any measures to conserve the seed bank in the
topsoil from current pastures will be counter to the weed management program, given the large
proportion of invasive and non-native species present in the region.
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FIGURE 13-15 | TOPSOIL STOCKPILE LOCATION
13.6.1.4 DUST DEPOSITION AND AIR EMISSIONS
Dust control measures were implemented throughout ML 6229 to ensure lead dust levels are within
leading indicator and compliance criteria. Control measures are proposed to continue with the
operation of the proposed MPL.
Air Quality control measures are discussed in detail in Chapter 16.
13.6.1.5 WASTE GENERATION
Waste generation, including non-putrescible and putrescible wastes, chemicals and hydrocarbon
waste, have the potential to impact the soil if not managed correctly. A Waste Management Plan has
been prepared to ensure no further contamination of soil occurs by outlining the appropriate storage
and disposal for all mine generated waste and hazardous substances (i.e. oils, fuels and chemicals) used
on-site (Appendix B1). Regular inspections are conducted to ensure the Waste Management plan is
being adhered to (refer to Chapter 3.6: Wastes).
Spill kits will be located in various locations around the processing and TSF area.
Records will be kept of volumes of putrescible waste taken off-site to demonstrate disposal of all
potentially polluting waste taken to an approved EPA site and in accordance with the Waste
Management Plan.
It is proposed that a number of industrial and commercial waste streams will be generated at the APF
site for disposal as summarised in Table 13-5.
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TABLE 13-5 | POTENTIAL WASTE STREAMS AND PREFERRED DISPOSAL METHODS
Waste Stream

Preferred method of disposal

Paper and Cardboard
Recyclable food containers and packaging
including plastic, bottles, cans, metal and glass

Offsite licenced recycling facility

Scrap metal

Offsite licenced recycling facility

Tyres and other rubber

Licenced recycling facility or approved EPA facility

Electrical and electronic

Offsite licenced recycling facility

Solid hazardous waste

Licenced offsite facility

Waste oil

Offsite licenced recycling facility

Masonry

Offsite or onsite licenced landfill

General waste - inseparable

Offsite or onsite licenced landfill

Plastics

Offsite licenced recycling facility or licenced landfill if not recyclable

Organics and putrescible

Offsite green waste facility

Leather and textiles

Offsite green waste facility

Timber and Wood

Offsite green waste facility

Offsite licenced recycling facility

The site has an EPA waste depot Licence (No 34942) (Appendix B2). Appropriate waste can be
disposed of by utilising this facility.
A Waste Management Plan has been prepared (Appendix B1) to ensure waste is managed at the
highest possible standards, resulting in minimal impact to the environment through a hierarchical
approach. Chapter 3 includes more information on waste and illustrates the collection areas for these
waste streams.
13.6.1.6 CHEMICALS AND HYDROCARBONS
Chemicals and hydrocarbons will be kept within designated storage areas bunded to prevent the
accidental mobilisation of contaminants affecting soil quality. Transportation and handling of these
items will be by competent, training staff using approved equipment. Final design of the bunding of the
any hazardous materials storage area(s) will be designed to retain or redirect away from the area,
surface water flows during a 1 in 100 year flood event.

13.6.2 CLOSURE
During the rehabilitation process, all remaining mine and processing generated waste and hazardous
substances will be removed as a source in order to satisfy the lease conditions under ML 6229.
Specifically, lease condition 29 of ML 6229 specifies the requirement for the site to have no
contamination or pollution post-closure caused by waste products and hazardous materials used in
mine operations (i.e. oils, fuels and chemicals, excluding the tailings in the TSF, and cemented pastefill
used in the mine backfill process).
Agreed criteria developed for soil contamination in conjunction with the Mining Regulator and the
community during the 2012 PEPR development process was updated in conjunction with the EPA in
2016 and subsequently approved in 2017. The overarching methodology that will be employed prior to
closure encompasses the entirety of the proposed MPL and any other sites which have the potential to
have been affected by mining activities. This includes (but is not limited to) assessment of soil, surface
water, groundwater and any other contaminant identified as a risk (i.e. air quality, odour).
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Prior to surrender of the ML and MPL, a suitably qualified site contamination consultant will be engaged
to undertake site contamination assessment and advise remediation strategies. This will be undertaken
in accordance with the NEPM and relevant EPA guidelines to ensure there is no unacceptable risk to
human health or the environment as a result of the contamination when compared with relevant
baseline concentrations and relevant NEPM investigation levels. The location and extent of the
assessment and remediation will be informed through assessment in accordance with the NEPM and
EPA guidelines. Data from previous chemical analysis is considered in this process, including pre-mining
soil and water data (Appendix L1).
Locations of pre mining soil sampling undertaken are pictured in Figure 13-3 and results obtained premining in 2005 can be found in Appendix L1.
All soil found to be contaminated by mine generated waste and/or waste substances as identified by
the outcome criteria process will be removed and deposited into the TSF before it is capped or taken
to an approved EPA facility. Control strategies require documentation of all waste removed from site,
outlined in the Waste Management Plan (Appendix B1).
A summary of activities which may form part of the Closure Criteria methodology which must be
satisfied include;
1. Preliminary Site Investigation (PSI): to identify the specific areas of interest and potential
contaminants of concern including development of Conceptual Site Model.
2. Detailed Site Investigation (DSI): to characterise the site condition and identify any hotspot
areas which may require management to achieve PEPR nominated post closure land uses
(industrial facility).
3. Human health and ecological risk assessment: If required based on the identified
concentrations, to assess the level of risks posed and to assist in establishing appropriate site
specific remediation levels.
4. Prepare and implement as required a Remediation Action Plan to address any areas of concern
and mitigate risks to an appropriate level.
Control or baseline data which will be applicable in determining the acceptable soil contamination levels
will be developed with reference to Contamination Baseline Survey (Appendix L1), NEPM Background
Concentration Assessment, and any current relevant EPA legislation at the time of closure.
Validation works will be undertaken as required within the NEPM and relevant EPA legislation to
confirm that no residual soil, surface water or groundwater contamination presents an unacceptable
risk to human health or the environment or an appropriate background concentration based on
proposed future land use.
All proposed design measures and management strategies to prevent and/or manage the potential for
impacts to soil quality are outlined below in Table 13-6.
TABLE 13-6 | DESIGN MEASURES AND MANAGEMENT STRATEGIES FOR SOIL AND LAND QUALITY
Design Measures and Management Strategies

Impact ID

Topsoil stockpiled for use in rehabilitation

PIE_13_2
PIE_13_3
PIE_13_4
PIE_13_6
PIE_13_1

Annual testing of topsoil for contaminants
Operational and non-operational zones control activities authorised in specific zones
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Erosion control of topsoil stockpiles
Dust management – design and management as outlined in Chapter 16
Weed management – informed by annual weed and pest survey
Waste Management Plan (included in Appendix B1)
Traffic Management Plan (includes site speed limits, dragout and washdown procedures,
to be included in PEPR)

PIE_13_2
PIE_13_3
PIE_13_4
PIE_13_5
PIE_13_6

13.7 IMPACT ASSESSMENT
The primary risks to soil quality are soil quality impacts resulting from hazardous chemical spills
(including hydrocarbons), and ore material remaining on the ROM pad.
Discussion of Air Quality impacts has been included in Chapter 16.
The potential impacts to soil quality and quantity can be reduced significantly by the following actions:










During operations of ML 6229 soil contamination was minimised by restricting potentially
contaminating materials to the ‘operational zone’ and through the implementation of spill
management procedures;
Prior to operation of the proposed MPL, the pre existing ‘dirty zone’ (operational zone)
from ML 6229 will have contaminated materials removed and stormwater redirected into
separate water treatment systems (included in greater detail in Chapter 12: Surface
Water).
No ore stored through the MPL outside of the operational zone (contained in ROM pad);
Through the closure period, remove potentially contaminated soil from the operational
zone and dispose in the TSF or to an EPA licensed facility;
Ensure all hazardous material is treated or removed from site in accordance with relevant
EPA guidelines;
Stockpiled topsoil for use in rehabilitation (operational area topsoil stockpiled previously
completed – Figure 13-15); and finally,
Provision of a report once prior to entering closure monitoring phase by a suitably qualified
site contamination consultant verifies that a site contamination assessment and if required
remediation in accordance with the NEPM and relevant EPA guidelines (excluding the TSF)
has occurred, ensuring there is no unacceptable risk to human health or the environment
as a result of the contamination when compared with relevant baseline concentrations and
relevant NEPM investigation levels.

Chemicals and hydrocarbons will be kept within designated storage areas bunded to prevent the
accidental mobilisation of contaminants affecting soil quality, which reduces the likelihood of chemical
and hydrocarbon spills.
A flood event exceeding the capacity of the storage area is considered unlikely (i.e. during the 8 year
project lifespan) during construction and operation of the MPL, and as the processing/mill area drains
report to the process water ponds and thus the treatment plant located onsite, the consequence of the
flood event can be contained and therefore is considered minor.
Utilising all of the storage and bunding requirements, as well as proposed remediation of all spills to
NEPM standards and reporting all chemical and hydrocarbon spills to meet EPA standards reduces the
expected impact to soil quality to negligible.
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Provision of a report once prior to entering closure monitoring phase by a suitably qualified site
contamination consultant verifies that a site contamination assessment and if required remediation in
accordance with the NEPM and relevant EPA guidelines has occurred, ensuring there is no unacceptable
risk to human health or the environment as a result of the contamination when compared with relevant
baseline concentrations and relevant NEPM investigation levels, reduces the potential for soil impacts
affecting post closure land use to negligible.
Due to the existance of a landfill facility onsite, there is no creidble impact to external waste facilities.
Based on the understanding of the existing soil environment (section 13.3.2), there are no analyte
concentration impacts (elevated lead) expected associated with the construction of the swale.
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As such, the overall risk of contamination of soil quality post-closure is considered to be low.

13.8 PROPOSED OUTCOME(S) AND MEASUREMENT CRITERIA
In accordance with the methodology presented in Chapter 6, an outcome has been developed for soil
and land impact events with a confirmed link between source, pathway and receptor (see Table 13-4).
All outcomes are supported by proposed measurable criteria which will be used to assess compliance
against the proposed outcomes during the relevant phases (refurbishment, operation, closure and
post-closure, note operation also includes the processing plant refurbishment stage prior to gold ore
processing).
Soil and land related outcomes and criteria are presented in Table 13-7. Outcomes for the MPL are
presented in Appendix D1.
TABLE 13-7 | PROPOSED OUTCOMES, PROPOSED MANAGEMENT CRITERIA AND PROPOSED LEADING INDICATOR CRITERIA
FOR SOIL AND LAND QUALITY
Proposed Outcome

Proposed Measurement Criteria

Proposed Leading Indicator Criteria

No adverse impacts on soil quality or
quantity caused by mining operations

Annual photo monitoring of all topsoil
stockpiles located on the proposed
MPL, will show vegetation
establishment and no signs of
erosion (formation of rills, gullies or
other evidence of topsoil loss).

No adverse impacts on soil quality or
quantity caused by mining operations

Annual survey of topsoil available /
stockpiled for closure demonstrates
that there is no loss of existing (premining) topsoil.

All topsoil stockpiles located on ML
6229 will be annually sampled, to AS
4482.1-2005 standards, and tested for
As, Cd, Cu, Pb, Mn, Hg, Ni, Zn, pH, EC,
and exchangeable cations Na, Mg, and
Ca. Any results higher than the topsoil
baseline maximum (Appendix L1) for
any analyte will be investigated and
appropriate actions taken.
A materials balance of topsoil
available / stockpiled for closure
demonstrates requirements are met
or identifies a deficiency.

No adverse impacts on soil quality or
quantity caused by mining operations

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

Monthly review of weekly waste
management site inspections records,
focusing on storage of waste and
hazardous materials, will indicate less
than 5 occurrences a month of
incorrectly disposed or stored waste.

Records will be kept of volumes of
putrescible waste taken off-site to
demonstrate disposal of all potentially
polluting waste taken to an approved
EPA site and in accordance with the
site’s Waste Management Plan
(Appendix B3)

None proposed.

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
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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 impact to the supply or
quality of water caused by the mining
operations to existing users and water
dependant ecosystems

Provision of a report once prior to
entering closure monitoring phase by
a suitably qualified site contamination
consultant verifies that a site
contamination assessment and if
required remediation in accordance
with the NEPM and relevant EPA
guidelines (excluding the TSF) has
occurred, ensuring there is no
unacceptable risk to human health or
the environment as a result of the
contamination when compared with
relevant baseline concentrations and
relevant NEPM investigation levels.
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.
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
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None proposed.

Triplicate surface water samples will
be taken quarterly, 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 .

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
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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.

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.

13.9 FINDINGS AND CONCLUSIONS
In summary, Terramin have designed stormwater management, chemical storage and spill response
procedures to reduce or eliminate potential pathways to the environment. The stormwater
management system is of the appropriate size and design to manage the expected rainfall and potential
surface water impacts at the Project site, while protecting the identified sensitive receptors. The closure
site contamination audit processed through the National Environment Protection Measures (NEPM)
and Environment Protection Act 1993 and associated policies significantly reduces, if not removes, the
potential residual site contamination risk. Primary engineering controls reduce or eliminate the
potential for impacts to soil quality, and have reduced all potential impacts to as low as reasonably
practical.
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